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Obesity and alcohol interact to increase the risk of death from liver failure in men. In the present study, we
aimed to examine whether obesity and alcohol were multiplicative or additive in increasing the risk of hepatocel-
lular carcinoma (HCC) in both men and women. We conducted a prospective, population-based study of 23,712
Taiwanese residents (50.3% men) from 7 townships who underwent an evaluation for liver disease and were
followed for 11.6 years for incident HCC. The mean age was 47 (standard deviation, 10) years and the mean
body mass index (weight (kg)/height (m)%) was 24 (standard deviation, 3). Overall, 305 cases of HCC were
identified over 275,126 person-years of follow-up. Age, male sex, alcohol drinking, cigarette smoking, elevated
alanine aminotransferase, serum hepatitis B surface antigen, anti-hepatitis C virus positivity, and diabetes melli-
tus were each statistically significant predictors of incident HCC in univariate analyses (P < 0.05). Alcohol use
and obesity (body mass index >30) showed a synergistic association with the risk of incident HCC in both unad-
justed analyses (hazard ratio =7.19, 95% confidence interval: 3.69, 14.00; P < 0.01) and multivariable-adjusted
analyses (age, sex, smoking, serum alanine aminotransferase, serum hepatitis B surface antigen, anti-hepatitis C
virus antibody, and diabetes mellitus) (hazard ratio = 3.82, 95% confidence interval: 1.94, 7.52; P < 0.01). Relative
excess risks due to interaction, attributable proportion, and synergy index were 4.83, 0.67, and 4.53, respectively,
suggesting a multiplicative interaction between alcohol use and obesity. Obesity and alcohol synergistically

increase the risk of incident HCC.

alcoholic liver disease; community-dwelling; fatty liver; liver cancer; nonalcoholic fatty liver; prospective cohort

Abbreviations: AP, attributable risk proportion due to interaction; BMI, body mass index; ClI, confidence interval; HCC,
hepatocellular carcinoma; RERI, relative excess risk due to interaction; Sl, synergy index.

Hepatocellular carcinoma (HCC) is the fourth leading
cause of cancer mortality worldwide (1). It is estimated that
by the year 2030, HCC will become the third most fatal
cancer (1). This rising incidence of HCC is preceded by the
obesity epidemic worldwide (2, 3). Several studies have
shown that obesity increases the risk of HCC (2, 4).
Another modifiable risk factor that is strongly associated
with liver disease and HCC is excessive alcohol use (5-8).
Both alcohol use and obesity are associated with fatty liver
disease. Epidemiologic studies have suggested that fatty
liver disease, both alcoholic and nonalcoholic in etiology,
is associated with increased risk of HCC (9-15).

333

Previous studies have shown that alcohol and obesity
synergistically increase the risk of elevated serum alanine
aminotransferase and aspartate aminotransferase levels
(16). It is plausible that obesity and alcohol both lead to
increased cytokine release by hepatocytes and Kupffer cells
that may lead to hepatic stellate cell activation (17). These
mechanistic pathways, along with other hitherto unknown
pathways, increase the risk of progressive steatohepatitis.
Understanding the impact of this synergism between
obesity and alcohol use at the population level is important
because these are modifiable risk factors. Previous epidemi-
ologic investigations have shown that seeing a synergistic
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interaction strengthens the expectation that there is biologic
plausibility for a relationship between a primary risk factor
and disease, for example, cigarette smoking and alcohol
use with oral cancer (18-20). Given that incidence and
mortality rates due to HCC mirror each other, prevention is
the preferred strategy in reducing the worldwide burden of
HCC (3, 21).

In a recent study, Hart et al. (22) followed 9,559 Scottish
men for up to 42 years and found that obesity and alcohol
use had a supra-additive interaction in their association
with the risk of liver disease morbidity and mortality.
Because of the small number of events, the effect of
obesity and alcohol on HCC was not examined. That study
included only men. We recently conducted a pilot study in
a high-risk population and found that obesity and alcohol
use raised the risk of HCC in Taiwanese men with hepatitis
B (23). However, the study was limited, as the confidence
intervals for synergy index overlapped 1 because of the
smaller sample size.

In the present study, we aimed to examine whether obesity
and alcohol were either multiplicative or additive in increas-
ing the risk of incident HCC in both men and women in a
larger, well-characterized, population-based cohort that was
representative of the general population of Taiwan.

MATERIALS AND METHODS
Study participants

The present prospective cohort study included partici-
pants from a Taiwanese cohort that has been previously de-
scribed (9). A detailed description of the recruitment and
blood sample collection and assay procedures have been
previously published (9, 24, 25). A total of 47,079 male
and 42,214 female residents (total = 89,293) from 7 town-
ships in Taiwan were invited to participate in a cancer
screening program between 1991 and 1992. Of those resi-
dents, a total of 11,973 men (25%) and 11,847 women
(28%) agreed to participate and provided written informed
consent. Information on demographic characteristics and
lifestyle factors was collected during a structured personal
interview administered by well-trained public health nurses.
Overnight fasting blood samples were collected at baseline,
and measurements of serum hepatitis B surface antigen,
anti-hepatitis C antibody, and alanine aminotransferase
levels were performed using commercial kits and detailed
laboratory procedures, as described previously (9). Partici-
pants were followed till June 30, 2004, with a mean
follow-up of 11.6 (standard deviation, 1.73) years. All par-
ticipants gave informed consent to participate in this study,
and the data collection procedures were reviewed and
approved by the institutional review board of the College
of Public Health, National Taiwan University.

Exposure

Body mass index. Body mass index (BMI) was defined
as weight (in kilograms) divided by the square of height
(in meters). A trained nurse measured body weight and
height at the baseline visit. Participants were categorized

into normal (<23), overweight (23-24.9), obese (25-29.9),
and extremely obese (>30) based on the published guide-
lines for the adult Asian population proposed by the World
Health Organization (26). These weight categories are dif-
ferent from (and lower than) those for Western populations.
Alcohol consumption. Alcohol consumption was ascer-
tained via a questionnaire at the baseline visit, as previously
described (27). Participants were asked whether they had
ever consumed alcohol (yes or no), their age at first use of
alcohol, and whether they presently consumed alcohol (yes
or no). Duration of alcohol use (in years) was also document-
ed. Alcohol drinkers were defined as those who had con-
sumed alcohol at least 4 days per week for at least 1 year.

Outcome measure: HCC

All participants who consented for the study and under-
went a baseline examination were followed for the develop-
ment of HCC and were accounted for in the analyses.
Participants with a prior diagnosis of HCC that was either
identified via the national cancer registry or diagnosed
during the baseline visit or a personal interview before or at
enrollment were excluded from the analysis. All partici-
pants had unique national identification numbers that were
utilized to link data with the computerized national cancer
registry profiles in Taiwan to identify all the new HCC
cases between January 1, 1991, and December 31, 2004.
The Taiwan nationwide cancer registry system was initiated
in 1978 and contains updated, accurate, and complete infor-
mation on cases of HCC. Because histologic confirmation
of the HCC diagnosis was not reported in all of the cases
identified by the national cancer registry, adjudication of
HCC diagnosis was carried out by experts via review of
participants’ charts. This chart review was performed on
164 HCC cases in hepatitis B surface antigen—positive car-
riers to further confirm and validate the primary HCC diag-
nosis derived from the national cancer registry. All HCC
cases (n=305) included in this study met at least 1 of the
following criteria: HCC confirmed by liver histopathology
(n=141; 46.2%) or HCC confirmed by at least 2 imaging
tools (ultrasonography, angiography, or computed tomogra-
phy) or detected via 1 imaging diagnostic modality and a
serum-o-fetoprotein level of 400 ng/mL or higher (n = 164;
53.8%).

Covariate assessment. Cirrhosis was diagnosed using
abdominal ultrasonography with a systematic and quantita-
tive scoring algorithm, which was determined by the ap-
pearance of the liver surface and the liver parenchyma, as
well as by the size of the hepatic vessel and the spleen (28,
29). Laboratory tests were performed using commercial
kits: hepatitis B surface antigen and hepatitis B e antigen
by radioimmunoassay (Abbott Laboratories, Chicago, IL),
anti-hepatitis C virus antibody by enzyme immunoassay
with second-generation test kits (Abbott Laboratories),
serum hepatitis B virus DNA level by polymerase chain re-
action (COBAS Amplicor; Roche Diagnostics, Indianapo-
lis, Indiana), and alanine aminotransferase level by serum
chemistry autoanalyzer (model 736; Hitachi Co., Tokyo,
Japan) using commercial reagents (Biomerieux, March
L’Etoile, France). Each participant’s history of diabetes
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Table 1. Baseline Characteristics of the Cohort, Taiwan, 1991-2004

All Participants

Body Mass Index® <30

Body Mass Index® >30

Characteristic No Alcohol Use Alcohol Use No Alcohol Use Alcohol Use
No. % No. % No. % No. % No. %
No. of participants?® 23,712 20,164 2,401 1,028 119
No. of hepatocellular carcinoma cases 305 225 59 12 9
Age, years® 47.3 (10.0) 47.1 (10.0) 48.4 (10.1) 49.6 (9.1) 47.3 (10.0)
Body mass index®° 24.0 (3.4) 23.6 (2.9) 23.8 (2.8) 32.2 (2.4) 31.9(1.9)
Alcohol use
No 21,192 89.4 20,164 100.0 0 0.0 1,028 100.0 0 0.0
Yes 2,520 10.6 0 0.0 2,401 100.0 0 0.0 119 100.0
Smoking®
No 16,854 711 15,405 76.4 572 23.8 835 81.2 42 35.3
Yes 6,851 28.9 4,753 23.6 1,828 76.2 193 18.8 77 64.7
Hepatitis B surface antigen status
Seronegative 19,574 82.6 16,675 82.7 1,946 81.1 863 84.0 90 75.6
Seropositive 4,138 17.5 3,489 17.3 455 19.0 165 16.1 29 24.4
Hepatitis C virus status®
Seronegative 22,371 94.5 19,001 94.4 2,303 96.0 954 93.1 113 95.0
Seropositive 1,308 5.5 1,135 5.6 96 4.0 71 6.9 6 5.0
Alanine aminotransferase, U/L
<45 22,891 96.5 19,5657 97.0 2,264 94.3 964 93.8 106 89.1
>45 821 3.5 607 3.0 137 5.7 64 6.2 139 10.
Diabetes'
No 23,061 97.49 19,635 97.6 2,328 97.2 985 96.0 113 95.0
Yes 593 2.51 479 2.4 67 2.8 41 4.0 6 5.0

@ We excluded 108 subjects because of missing data on either body mass index or alcohol use.

b Values are expressed as mean (standard deviation).
© Weight (kg)/height (m)2.
9 We were missing data on smoking for 7 out of 23,712 subjects.

¢ We were missing data on anti-hepatitis C virus for 33 out of 23,712 subjects.
f We were missing data on history of diabetes for 58 out of 23,712 subjects.

mellitus and information on cigarette smoking were ob-
tained from the questionnaire interview. Cigarette smokers
were defined as persons who had smoked cigarettes at least
4 days per week for at least 1 year.

Statistical analysis

The cohort was divided into 4 categories based upon the
presence of extreme BMI (>30 or <30) and alcohol use.
The mean values were shown for continuous variables and
proportions were shown for categorical variables. Cumula-
tive risk of incident HCC development was compared
between the 4 groups using a log-rank test. Wald test for
interaction was performed to assess the presence of an in-
teraction between alcohol use and BMI. Cox proportional
hazards analysis was conducted to determine the hazards of
incident HCC over 14 years of follow-up and report-
ed as relative risk estimate. Univariate, age-adjusted, and
multivariable-adjusted (adjusted for age, BMI, alcohol
use, smoking, serum alanine aminotransferase level, and
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diabetes mellitus) models were examined. Joint impact of
extreme obesity (yes/no) and alcohol use (yes/no) (as well
as duration and dose of alcohol use) was examined using
Cox proportional hazards models. Hazard ratios and their
respective 95% confidence intervals were reported.

Estimate of interaction on a multiplicative scale. To test
whether the interaction is additive or multiplicative, we ex-
amined the combined impact of alcohol and obesity on
HCC risk by relative excess risk due to interaction (RERI),
attributable proportion (AP), and synergy index (SI) and
their respective confidence intervals, as previously de-
scribed (30, 31). RERI is an estimate of excess risk that is
attributable to the interaction between 2 exposures, in this
case alcohol use and obesity. AP is defined as the propor-
tion of risk that is attributable to the interaction between
obesity and alcohol. SI is a ratio that estimates whether a
synergistic (SI > 1) or antagonistic (SI < 1) interaction
exists between 2 exposures. Based on prior studies, a multi-
plicative interaction is suggested by the following scores: a
RERI >1.5; an AP >0.25; and an SI > 1.5 (31).
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Figure 1. Joint associations of obesity and alcohol use with incident hepatocellular carcinoma (HCC). Shown are Kaplan Meier curves for
future development of hepatocellular carcinoma in 4 categories based on alcohol use and body mass index (BMI, measured as weight (kg)/

height (m)2.

Joint influence of BMI and alcohol. We measured the
joint influences of World Health Organization BMI catego-
ries and alcohol use on the risk of HCC. Sensitivity analy-
ses were conducted after excluding patients with hepatitis B
virus infection. We used SAS, version 9.2 (SAS Institute,
Inc., Cary, North Carolina) for all statistical analyses. A
2-tailed P < 0.05 was considered statistically significant.

RESULTS
Baseline characteristics

This study included 23,712 participants with a mean age
of 47.3 (standard deviation, 10.0) years who were followed
for a mean of 11.6 (standard deviation, 1.73) years. Men
comprised 50.3% of the cohort, and the average BMI was
24.0. Alcohol use was reported by 10.6%, and 28.9% were
smokers. The prevalences of hepatitis B surface antigen
and anti-hepatitis C virus seropositivity were 17.5% and
5.5%, respectively. The baseline characteristics of the
cohort and incident HCC cases were stratified by the 4 ex-
posure categories, as shown in Table 1. Out of 305 HCC
cases, 51 had chronic hepatitis C virus infection, 186 had
chronic hepatitis B virus infection, 13 had hepatitis B virus/
hepatitis C virus co-infection, and 52 did not have either
hepatitis C virus or hepatitis B virus (Web Table 1, avail-
able at http:/aje.oxfordjournals.org/).

Risk of incident HCC

There were a total of 305 HCC cases over 275,125.5
person-years of follow-up. Therefore, the incidence rate of
HCC was 110.9 per 100,000 person-years. We then examined

the Wald test of interaction between alcohol use and BMI
and found that it was statistically significant in predicting
incident HCC risk (P < 0.02).

Cumulative risk

We conducted a Kaplan-Meier analysis to examine the
risk of HCC among participants stratified into 4 categories
based on their BMI and alcohol use at baseline (Figure 1).
Table 2 shows the number of participants at risk of HCC in
each of the 4 categories and the number of incident cases
of HCC during follow-up. We found that risk of incident
HCC was highest among obese alcohol users (P < 0.0001),
followed by nonobese alcohol users. The risk of HCC was
significantly lower in participants who did not consume
alcohol. Among nonusers of alcohol, the cumulative risk of
HCC was 1.2% and 1.3% among nonobese and obese par-
ticipants, respectively. Among users of alcohol, the cumu-
lative risk of HCC was 2.7% and 8.7% among nonobese
and obese participants, respectively.

Joint influences of obesity and alcohol use on incident
HCC risk

The combined impacts of extreme obesity and alcohol
use showed a statistically significant and synergistic associ-
ation with HCC risk, with the highest risk among extremely
obese (BMI >30) alcohol users (hazard ratio=7.19; 95%
confidence interval (CI): 3.69, 14.00; P < 0.001), followed
by alcohol users with a BMI <30 (hazard ratio = 2.30; 95%
CIL: 1.73, 3.07; P < 0.01), as shown in Figure 2. The risk
of HCC was slightly higher among obese nondrinkers
than among nonobese nondrinkers but was not statistically
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Table 2. Participants at Risk and Number of Incident Cases of Hepatocellular Carcinoma in Each of the 4 Exposure Groups During Follow-up,

Taiwan, 1991-2004

Follow-up, years

0 1 2 3 4 5

6 7 8 9 10 1 12 13

No. of Participants at Risk

BMI? >30
and
alcohol
use

BMI <30
and
alcohol
use

BMI >30
and no
alcohol
use

BMI <30
and no
alcohol
use

119 119 118 116 114 1

2,401 2,381 2,353 2,333 2,310

1,028 1,023 1,017 1,009 1,002

20,164 20,099 20,022 19,927 19,833

BMI >30 0 0 0 1 0
and
alcohol
use

BMI <30 0 8 5 1 5
and
alcohol
use

BMI >30 0 2 1 0 1
and no
alcohol
use

BMI <30 0 19 15 11 10
and no
alcohol
use

12

2,274

996

19,741

110 109 109 104 103 101 56 2

2250 2229 2197 2,168 2,138 2,097 1,018 1

990 979 969 960 950 938 463 1

19,641 19,520 19,413 19,271 19,105 18,934 9,538 11

No. of HCC Cases

1

19

1 0 0 3 1 1 1 0

13 18 18 22 32 26 20 2

Abbreviation: BMI, body mass index.
@ Weight (kg)/height (m)>2.

significant, as shown in Figures 1 and 2. The results re-
mained consistent in multivariable-adjusted analyses, as
shown in Table 3.

Interaction between extreme obesity and alcohol use

We then examined the RERI, AP, and SI (measures of
synergistic interaction between extreme obesity and alcohol
use) and their associations with incident HCC risk. We
found that the RERI, AP, and SI were 4.83 (95% CI: 0.03,
9.62), 0.67 (95% CI: 0.41, 0.93), and 4.53 (95% CI: 1.68,
12.22), respectively. These findings suggest a multiplicative
interaction between extreme obesity and alcohol use in
their joint association with HCC risk.

Joint impact of BMI categories and risk of HCC

We then divided the cohort into 4 categories of BMI to
assess the dose-response association of BMI in modulating
HCC risk. The results remained consistent, as shown in
Table 4. Alcohol users in the highest BMI category had the
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highest risk of HCC, and findings remained consistent in
both age-adjusted and multivariable-adjusted models, with
hazard ratios of 7.41 (95% CI: 3.73, 14.73; P < 0.001) and
4.12 (95% CI: 2.05, 8.28; P < 0.001), respectively. To
assess the dose-response relationship of alcohol use, we ex-
amined the joint impact of BMI categories and duration of
alcohol use stratified into the following categories: no
alcohol use, less than 1 year of alcohol use, 1-19 years of
alcohol use, and 20 or more years of alcohol use. We found
that the risk of incident HCC was highest among partici-
pants who were obese (highest BMI category) and had 20
or more years of alcohol use. These results remained con-
sistent in both age-adjusted and multivariable-adjusted
models, with hazard ratios of 9.23 (95% CI: 4.26, 20.00;
P < 0.0001) and 5.16 (95% CI: 2.34, 11.39; P < 0.0001),
respectively. We conducted further sensitivity analyses by
dividing the cohort into quartiles of BMI, and the above
findings remained consistent (data not shown). We con-
ducted additional sensitivity analyses by excluding the
prevalent cases of hepatitis B virus, and the results re-
mained consistent (Web Table 2).
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Figure 2. Synergistic interaction of obesity and alcohol use with
the risk of hepatocellular carcinoma (HCC). Hazard ratios showing
the risk of hepatocellular carcinoma stratified by extreme obesity and
alcohol use status over a mean follow-up of 11.6 years. BMI, body
mass index.

DISCUSSION
Main findings

In the present large population-based prospective cohort
study, we showed that alcohol use and obesity synergisti-
cally increased the risk of incident HCC among Taiwanese
men and women. Furthermore, we demonstrated that the
interaction between obesity and alcohol use is multiplicative
based upon 3 independent measures of interaction: RERI,
AP, and SI. Although the precise mechanisms underlying
this synergistic interaction remain to be elucidated, previous
studies have suggested that obesity and alcohol use may
synergistically worsen hepatic insulin resistance and nec-
roinflammation that can lead to progressive liver injury
causing steatohepatitis, which can lead to cirrhosis and
HCC in a subset of these patients (17, 32, 33). Molecular
mechanisms that may underlie this interaction include cyto-
chrome 2E1 upregulation, nuclear factor kappa-light-chain-
enhancer of activated B cells activation, cytokine imbalance
(upregulation of interleukin-6), activation of STAT3 by in-
terleukin-6, and lipid peroxidation, all of which can worsen
liver injury, leading to cirrhosis and HCC (33-35).

Strengths and limitations

Strengths of this study include a large prospective cohort
including 23,712 men and women with over 12 years of
follow-up. BMI was recorded by a trained investigator and
not ascertained by self-report, and potential confounders or
effect modifiers associated with HCC at baseline for adjust-
ment in the multivariate analyses were available. However,
we acknowledge the following limitations of our study. The
study population was exclusively Taiwanese; therefore,
further studies are needed to validate this synergism between
obesity and alcohol use in diverse multiethnic populations.

We did not have detailed quantification of alcohol consump-
tion and changes in body weight either at baseline or during
follow-up. Another limitation is that the alcohol use was
based upon self-report, which is likely to underestimate the
quantity of alcohol use. Therefore, we believe that the mag-
nitude of synergism may actually be higher than what we
found in this study. Additionally, the results were consistent
with previous reports of synergism between obesity and
alcohol in increasing the risk of liver injury (16, 35) and of
death from liver disease conducted in diverse populations,
which suggests a strong biologic plausibility (22).

In context with published literature

Recent studies and surveys have suggested that the inci-
dence of HCC is rising in the United States and worldwide
(3, 36). Given the rising rates of obesity worldwide, we
believe that our findings may have strong public health sig-
nificance, especially in countries with a higher per capita
rate of alcohol use. Previous studies have confirmed the
synergistic association of alcohol use and BMI in increas-
ing the risk of elevated alanine aminotransferase and aspar-
tate aminotransferase at the population level (35). Hart
et al. (22) showed that alcohol use and BMI had a supra-
additive interaction in increasing the risk of death from
liver disease in Scottish men (rn=9,559 men). Their study
did not include women, and HCC incidence was not as-
sessed as an outcome measure. Hart et al. recommended
that their findings be validated in other larger cohorts and
in women (22). Ascha et al. (15) recently reported a tertiary
care transplant center—based study and showed that patients
with nonalcoholic steatohepatitis had an increased risk of
HCC and also found that alcohol use (even social drinking)
was the most important risk factor in increasing the risk of
HCC in patients with nonalcoholic steatohepatitis and
chronic hepatitis C infection. However, the investigators
did not examine the joint contribution of alcohol use and
obesity in that study. Marrero et al. (37) conducted a small
case-control study comparing HCC cases with cirrhotic
controls derived from a single liver transplant center and
showed that alcohol use and BMI were synergistic in their
interaction in increasing the odds of HCC. Although this
was to our knowledge one of the first studies to report this
interaction, the BMI was recorded at the clinic visit when
the patients were already suffering from cirrhosis (controls)
and HCC (cases) and it was limited by a small sample size
and case-control design (37). We recently reported the
results of our pilot study of a high-risk group of men with
hepatitis B (n=2,260) and showed that alcohol use and
obesity had a multiplicative interaction on increasing the
risk of incident HCC in men (23). Although the study was
prospective, it was limited by a small sample size, did not
include women, and was exclusively in patients with hep-
atitis B (23). Therefore, we conducted the present large
(n = 23,820) population-based prospective cohort study
including both men and women and examined the joint as-
sociation of obesity and alcohol use on the risk of future
development of HCC and found a supra-additive or multi-
plicative effect-modification of these 2 modifiable risk fac-
tors of HCC.
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Table 3. Unadjusted and Multivariate-Adjusted Hazard Ratios for Incident Hepatocellular Carcinoma, Taiwan,

1991-2004
Characteristic Unadjusted Multivariate-Adjusted
HR 95% CI HR 95% CI
Sex
Female 1.00 Referent 1.00 Referent
Male 3.17 245,412 1.94 1.41,2.66
Age, years 1.07 1.06, 1.09 1.08 1.07,1.10
BMI?
<30 1.00 Referent N/A
>30 1.47 0.95, 2.30 N/A
Alcohol consumption
No 1.00 Referent N/A
Yes 2.56 1.96, 3.35 N/A
Cigarette smoking
No 1.00 Referent 1.00 Referent
Yes 2.24 1.79, 2.80 1.31 1.00, 1.72
Hepatitis B surface antigen status
Negative 1.00 Referent 1.00 Referent
Positive 9.35 7.39,11.84 9.90 7.77,12.62
Alanine aminotransferase, U/L
<45 1.00 Referent 1.00 Referent
>45 7.68 5.83,10.14 3.70 2.75,4.98
Anti-hepatitis C virus antibody status
Negative 1.00 Referent 1.00 Referent
Positive 4.72 3.58, 6.21 3.24 2.42,4.35
Diabetes
No 1.00 Referent 1.00 Referent
Yes 3.11 1.98, 4.90 1.82 1.15,2.88
Alcohol drinking®/BMI
No/<30 1.00 Referent 1.00 Referent
No/>30 1.06 0.60, 1.90 1.17 0.65, 2.11
Yes/<30 2.30 1.73,3.07 1.46 1.07, 1.98
Yes/>30 719 3.69, 14.00 3.82 1.94,7.52
P for alcohol/BMI interaction 0.020

Abbreviations: BMI, body mass index; Cl, confidence interval; HR, hazard ratio.

@ Weight (kg)/height (m)>2.

b Alcohol drinkers were defined as those who consumed alcohol at least 4 days per week for at least 1 year.

Implications for future research

Although our study was derived from an Asian population-
based cohort, we speculate that these results might be relevant
to other populations as well. We hypothesize that obesity
and alcohol use could increase the risk of progressive fatty
liver disease that might in turn increase the risk of HCC.
Further studies are needed to examine whether cirrhosis is
required for development of HCC in the setting of the fatty
liver disease. We believe that our study provides robust epi-
demiologic evidence to conduct further research to better
understand the mechanisms underlying this interaction
between alcohol use and obesity.

Am J Epidemiol. 2013;177(4):333-342

Conclusions

Here we showed that obesity multiplies the risk of inci-
dent HCC among alcohol users. HCC incidence is rapidly
increasing worldwide, and public health interventions are
needed to halt this epidemic. As both alcohol use and
obesity are modifiable risk factors, lifestyle interventions,
such as minimizing alcohol use and maintaining a normal
body weight, should be tested and utilized to reduce the
incidence of HCC. Public health interventions to prevent
and/or reduce obesity are important for reducing not only
cardiovascular morbidity and mortality but also liver-
related morbidity and mortality.
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Table 4. Risk of Hepatocellular Carcinoma Stratified by Body Mass Index Category, Alcohol Use Status, and
Years of Alcohol Consumption, Taiwan, 1991-2004

Age-Adjusted

Multivariate-Adjusted®

Variable HR 95% CI P Value HR 95% ClI P Value
BMI® category® by alcohol
consumption category
No alcohol use
Normal weight 1.00 Referent N/A 1.00 Referent N/A
Overweight 1.06 0.76, 1.48 0.72 1.14 0.82, 1.60 0.4414
Obese 1.03 0.76, 1.40 0.8283 1.07 0.79, 1.46 0.6545
Extremely obese 0.97 0.53,1.77 0.91283 1.25 0.68, 2.31 0.4699
Alcohol use
Normal weight 1.68 1.01,2.80 0.0459 1.22 0.72,2.07 0.4601
Overweight 2.38 1.40, 4.06 0.0015 1.91 1.11,3.29 0.0188
Obese 2.63 1.68, 4.11 <0.0001 1.92 1.21,3.03 0.0053
Extremely obese 7.41 3.73,14.73 <0.0001 412 2.05, 8.28 <0.0001
BMI category by years of alcohol
consumption
0 years
Normal weight
Overweight 1.06 0.76, 1.48 0.7222 1.14 0.82, 1.60 0.4339
Obese 1.03 0.76, 1.40 0.8313 1.07 0.79, 1.46 0.6498
Extremely obese 0.97 0.53, 1.77 0.9107 1.26 0.69, 2.33 0.4534
1-19 years
Normal weight 2.65 1.33,5.28 0.0055 1.74 0.84, 3.62 0.1369
Overweight 2.38 0.97,5.88 0.0595 2.15 0.86, 5.34 0.1009
Obese 2.49 1.15, 5.38 0.0206 1.62 0.75, 3.54 0.2224
Extremely obese 5.01 1.23,20.40 0.0244 2.50 0.61, 10.23 0.2035
>20 years
Normal weight 1.11 0.51,2.41 0.7908 0.89 0.41,1.93 0.7597
Overweight 1.74 0.80, 3.77 0.1606 1.44 0.66, 3.13 0.357
Obese 2.68 1.56, 4.58 0.0003 2.05 1.19, 3.55 0.0099
Extremely obese 9.23 4.26, 20.00 <0.0001 5.16 2.34,11.39 <0.0001

Abbreviations: BMI, body mass index; Cl, confidence interval; HR, hazard ratio; N/A, not applicable.
@ Adjusted for sex, age, presence of hepatitis B surface antigen, anti-hepatitis C virus antibody status, serum

alanine aminotransferase level, and history of diabetes.

® Weight (kg)/height (m)>2.

¢ Participants were categorized as normal (BMI <23), overweight (BMI 23-24.9), obese (BMI 25-29.9), or
extremely obese (BMI >30) based on the published guidelines for the adult Asian population by the World Health

Organization.
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