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Betel quid chewing as a risk factor for hepatocellular
carcinoma: a case–control study 

JF Tsai 1, LY Chuang 2, JE Jeng 3, MS Ho4, MY Hsieh 1, ZY Lin 1 and LY Wang 1

1Department of Internal Medicine, 2Biochemistry, and 3Clinical Laboratory, Kaohsiung Medical University College of Medicine; 4Institute of Biomedical Sciences,
Academia Sinica, Taiwan, Republic of China 

Summary The role of betel quid chewing in the aetiology of hepatocellular carcinoma (HCC) was evaluated in a case–control study including
263 pairs of age- and sex-matched HCC patients and healthy controls. Serum hepatitis B surface antigen (HBsAg), and antibodies to hepatitis
C virus (anti-HCV) were determined, and standardized personal interview conducted using a structured questionnaire. Multivariate analysis
indicated that betel quid chewing (odds ratio (OR), 3.49; 95% confidence interval (CI), 1.74–6.96), HBsAg (OR, 16.69; 95% CI, 9.92–28.07),
anti-HCV (OR, 38.57; 95% CI, 18.15–81.96), and educational duration of less than 10 years (OR, 1.71; 95% CI, 1.05–2.78) are independent
risk factors of HCC. In addition, there was an additive interaction between betel quid chewing and chronic infection with either hepatitis B virus
(synergy index, 5.37) or hepatitis C virus (synergy index, 1.66). Moreover, risk on HCC increased as duration of betel quid chewing increased,
or amount of betel quid consumed (each P for trend < 0.0001). © 2001 Cancer Research Campaign http://www.bjcancer.com
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Hepatocellular carcinoma (HCC) is one of the most com
malignant and devastating human tumours in the world (Idi
et al, 1998; DiBisceglie, 1999). Although chronic hepatitis B v
(HBV) and hepatitis C virus (HCV) infection have been imp
ated as the major risk factors for HCC (Tsai et al, 1996a, 1
DiBisceglie, 1999), some HCC occurs in patients with
evidence of HBV/HCV infection, suggesting that other envi
mental or genetic factors, may also be important (Bartsch 
1999; DiBisceglie, 1999; Ozturk, 1999). Besides alcohol drin
and cigarette smoking, betel quid chewing is an integral 
ponent of the cultural fabric of 10–20% of the human popula
It is also a popular habit throughout Taiwan. The cultivatio
areca trees and the production of areca nuts increase ma
during the last 3 decades (Ko et al, 1992; Chen and Shaw, 1
The estimated number of habitual betel quid chewers is ar
one-tenth of the 20 million inhabitants (Ko et al, 1992). The p
lation of betel quid chewers increased gradually. 

The ingredients of betel quid include areca nut (the nut o
Areca catechupalm), betel leaf or fruit from Piper betle, and red
slaked paste. During betel quid chewing, areca nut-derived 
samines may methylate and cyanoethylate liver DNA (Prokopcz
al, 1987), be genotoxic to hepatocytes, and hence produce
cancer (Bhide et al, 1979; Nishikawa et al, 1992). Areca nut
enhance chemical hepatocarcinogenesis (Bhide et al, 1979; Ta
al, 1986). On the other hand, the betel leaf contains high conc
tions (15 mg g–1 fresh weight) of safrole known to be a rodent he
tocarcinogen (Philips, 1994). Moreover, it has been reported
37.5% of areca nut samples were infested with aflatoxin 
producing fungus, Aspergillus flavus(Raisuddin and Misra, 1991
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Betel quid chewing may therefore have some carcinogenic 
tumour-promoting activity in the liver making it pertinent to asse
the possible effects of betel quid chewing on the developmen
HCC, which is one of the most common prevalent cancers in Taiw
(Tsai et al, 1996a, 1997a). The betel quid hypothesis was tested u
the data collected in a case-control study of risk factors for HCC 

MATERIALS AND METHODS 

Study population 

263 consecutive newly diagnosed patients with HCC, 205 ma
and 58 females, were recruited as the case group from Departm
of Internal Medicine, Kaohsiung Medical University Hospita
during the period from August 1996 to December 1997. HCC w
diagnosed by aspiration cytology or biopsy. During the same st
period, 263 healthy community residents, who entered the hosp
for physical check-up, matched on age (±3 years) and sex, w
enrolled as the control group. All controls had normal seru
aminotransferase levels and with no space-occupying lesion in
liver, as evidenced by normal abdominal sonography. There w
no difference in median age between cases (59 years; range: 2
years) and controls (59 years; range: 29–82 years). 

Structured questionnaire and standardized interview 

We designed a structured questionnaire to obtain information
age, sex, educational level, habits of smoking (cigarettes per 
and duration of smoking), alcohol drinking (the quantity and du
tion of drinking, types of alcoholic beverage), betel quid chewi
practice (duration of habit, daily amount consumed, type of be
quid ingredients consumed). A habitual betel quid chewer w
defined as chewing one quid or more daily for at least one yea
habitual cigarette smoker was defined as smoking one cigarett
more per day for at least one year. A habitual alcohol drinker w
defined as drinking alcohol for more than four days a week for
709
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710 JF Tsai et al
least one year. All HCC cases and matched controls were 
viewed by interviewers trained in study details and questionn
contents. 

Serological examination 

An aliquot of 7 ml blood was collected by vacuum syringe w
disposable needle from each study subject. Serum samples 
ated were aliquoted and kept at minus 70˚C until tested. Hep
B surface antigen (HBsAg) was tested by radioimmunoassay u
commercial kits (Abbott Laboratories, North Chicago, I
Antibodies to hepatitis C virus (anti-HCV) were detected 
second generation ABBOTT HCV EIA (Abbott Laboratorie
North Chicago, IL). For anti-HCV, reactive specimens w
retested. Only repeatedly reactive specimens were interpret
anti-HCV positive. Conventional liver function tests were tes
by an autoanalyser. 

Statistical analysis 

The Mann-Whitney U test was used to compare the differe
between medians of continuous variables. The χ2 test with Yates’
correction was used to compare differences between propor
Odds ratio (OR) with 95% confidence interval (95% CI) was u
to estimate causal relations between risk factors and expo
Mantel extension test for trend was used to estimate 
dose–response relationship among risk factors. A conditi
logistic regression analysis was used for multivariate anal
Adjusted odds ratios and 95% CI were derived from logistic reg
sion coefficients to provide an estimate of the statistical associ
between a given variable and the disease (HCC) with the other
ables held constant. Synergy index was used to estimate the
active effect between risk factors (Rothman, 1986). To calculat
population-attributable risk for factors significantly associated w
HCC development in multivariate analysis, the frequency distr
tion of these risk factors in the control group was used to repre
the proportion of persons exposed to the factor in the general p
lation. If there is additive interaction among these risk factors
sum of each attributable-risk may exceed 100%. An alpha of 
was used as the indicator of significance. 

RESULTS 

Independent risk factors for HCC 

Univariate analysis indicated that betel quid chewing (OR = 4
95% CI, 2.35–7.00), HBsAg-positivity (OR = 6.57, 95% C
British Journal of Cancer (2001) 84(5), 709–713

Table 1 Univariate and multivariate analyses of ris

Parameters Cases Controls
(n = 263) (n = 263)

Betel quid chewing 71 22
HBsAg-positive 171 58
Anti-HCV-positive 85 12
Education <10 years 158 126

HCC, hepatocellular carcinoma; OR, odds ratio; CI,
antigen; anti-HCV, antibodies to hepatitis C virus. aD
analysis after adjusting sex, age, habits of alcohol d
Only covariates with significant adjusted odds ratio 
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4.38–9.85), anti-HCV-positivity (OR = 9.98, 95% CI, 5.12–19.88
educational level less than 10 years (OR = 1.63, 95% 
1.14–2.34), alcohol drinking (OR = 2.41, 95% CI, 1.48–3.94), a
smoking (OR = 1.58, 95% CI, 1.09–2.28) were significant ri
factors of HCC. The adjusted ORs for factors such as betel q
chewing, HBsAg-positivity, anti-HCV-positivity, and educationa
level less than 10 years remained significantly elevated e
after multivariate analysis (Table 1). The estimated populati
attributable risk was 27.63% (95% CI, 13.45–29.84) for subje
with anti-HCV alone, 46.86% (95% CI, 23.41–40.37) fo
subjects with HBsAg alone, 5.78% (95% CI, 1.08–9.71) for subje
positive for anti-HCV and HBsAg, 20.19% (95% CI, 9.81–23.7
for all betel quid chewers; and 23.22% (95% CI, 9.28–28.41) 
those had educational duration of less than 10 years. 

Interactive effect between betel quid chewing and
chronic HBV/HCV infection 

As shown in Table 2, using subjects without betel quid chewing 
negative for both anti-HCV and HBsAg as a referent group, the 
for HCC increased significantly in subjects with HBV and/or HC
infection. The estimated ORs were found to be higher in betel q
chewers infected with HBV or HCV infection (Table 2). 

Table 3 displays the interactive effect between betel q
chewing and HCV infection. By using anti-HCV-negative subjec
without chewing betel quid as a referent group, either betel q
chewing or presence of anti-HCV were independent risk fact
for HCC. The highest ORs were found in anti-HCV-positive be
quid chewers (Table 3). Calculation of synergy index indica
that there was an additive interaction between betel quid chew
and HCV infection. Similarly, the risk for developing HCC wa
strongly associated with the presence of HBsAg and chewing b
quid (Table 4). Moreover, HBsAg-positive betel quid chewers h
the highest OR, and a synergy index of 5.37. This result indica
an additive interaction between betel quid chewing and H
infection. 

Characteristics of betel quid chewing in HCC patients
and controls 

All betel quid chewers chewed areca nut. Chewing with betel l
or with unripe betel fruit was strongly associated with the risk
HCC (Table 5). The duration of chewing betel quid for more th
20 years is an independent risk factor of HCC development (O
13.78, 95% CI, 3.88–51.43). Moreover, the longer the durat
of betel quid chewing, the higher the risk of developing HC
(Pfor trend< 0.0001; Table 5). 
© 2001 Cancer Research Campaign

k factors for HCC 

OR Adjusted OR a

(95% CI) (95% CI) 

4.05 (2.35–7.00) 3.49 (1.74–6.96) 
6.57 (4.38–9.85) 16.69 (9.92–28.07) 
9.98 (5.12–19.88) 38.57 (18.15–81.96) 
1.63 (1.14–2.34) 1.71 (1.05–2.78) 

 confidence interval; HBsAg, hepatitis B surface
erived from conditional logistic regression
rinking and smoking, and covariates in the table.
are shown. 
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cirrhotics (P = 0.0001). Betel quid chewers were frequently
habitual smokers (P = 0.0001) and alcohol drinkers (P = 0.0001). 
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Table 2 Risk of HCC modified by betel quid chewing, status of anti-HCV
and HBsAg in HCC patients compared with matched controls 

Betel Status Cases Control Odds ratio 
quid anti-HCV HBsAg ( n = 263) (n = 263) (95% CI) 

Nonuser Negative Negative 19 180 1.0 
Nonuser Negative Positive 102 50 19.32 (10.42–36.17) 
Nonuser Positive Negative 55 7 74.43 (27.65–209.70) 
Nonuser Positive Positive 16 4 37.89 (10.38–151.37) 
User Negative Negative 7 17 3.90 (1.27–11.67) 
User Negative Positive 50 4 118.42(35.59–436.95) 
User Positive Negative 11 1 104.21 (12.61–351.82) 
User Positive Positive 3 0 –a

HCC, hepatocellular carcinoma; OR, odds ratio; CI, confidence interval;
HBsAg, hepatitis B surface antigen; anti-HCV, antibodies to hepatitis C virus. 
a uncalculable. 

Table 3 Interactions between betel quid chewing and anti-HCV on risk of
HCC 

Betel quid anti-HCV Cases Controls OR a

chewer ( n = 263) (n = 263) (95% CI) 

No Negative 121 230 1
No Positive 71 11 12.26 (6.03–25.51) 
Yes Negative 57 21 5.15 (2.89–9.25) 
Yes Positive 14 1 26.61 (3.60–116.58) 

HCC, hepatocellular carcinoma; anti-HCV, antibodies to hepatitis C virus;
OR, odds ratio; CI, confidence interval. aSynergy index = 1.66 

Table 4 Interactions between betel quid chewing and HBsAg on risk of
HCC 

Betel quid HBsAg Cases Controls OR a

chewer ( n = 263) (n = 263) (95% CI) 

No Negative 74 187 1
No Positive 118 54 5.52 (3.55–8.59) 
Yes Negative 18 18 2.52 (1.17–5.42) 
Yes Positive 53 4 33.48 (11.10–72.69) 

HCC, hepatocellular carcinoma; HBsAg, hepatitis B surface antigen; OR,
odds ratio; CI, confidence interval. aSynergy index = 5.37 

Table 5 Risk of hepatocellular carcinoma based on type of betel quid
ingredients, duration and total amount of betel quid consumed 

Parameter Cases Controls OR (95% CI) 

Type of material in quids 
Non-user 192 241 1.0 
Areca-nut with betel leaf 17 6 3.55 (1.28–10.30) 
Areca-nut with betel fruit 36 9 5.02 (2.25–11.50) 
Mixed 18 7 3.22 (1.24–8.70) 

Duration of chewing (years)a

Non-user 192 241 1.0 
<20 8 14 0.71 (0.26–1.86) 
20–30 27 5 6.77 (2.42–20.46) 
>30 36 3 15.06 (4.36–39.09) 

Total amounts consumed 
(quids × 1000)b

Non-user 192 241 1.0 
<100 11 10 1.38 (0.53–3.59) 
100–199 31 7 5.55 (2.27–14.17) 
200–299 15 3 6.27 (1.67–20.74) 
>299 14 2 8.78 (1.87–34.01) 

a,b Pfor trend <0.0001 (Mantel extension test for trend). 

Table 6 Clinical characteristics in patients with hepatocellular carcinoma
with regard to betel quid chewing 

Habitual betel quid chewing 

Yes No P value a

(n = 71) (n = 192) 

Age (years) 56 (29–81)b 61 (32–83) 0.05 
Educational level 6 (1–16) 9 (1–16) NS 
Male gender 67 (94.36)c 138 (71.87) 0.0001 
Cirrhosis 71 (100) 142 (73.95) 0.0001 
Smoking 51 (71.83) 69 (35.93) 0.0001 
Alcohol drinking 32 (45.07) 34 (17.70) 0.0001 
HBsAg-positive 53 (74.64) 118 (61.45) NS 
Anti-HCV-positive 14 (19.71) 71 (36.97) 0.008 

NS, nonsignificant. aMann-Whitney U test was used for comparison of
continuous data, whereas χ2 test was used for comparison of proportions. 
bData were expressed as median (ranges). cData were expressed as number
(percentage). 
The median value of total amount of betel quid consumed
HCC patients (182 500 quids; range: 73 000–730 000 quids) 
higher than that (109 500 quids, range: 10 290–547 500 quids
controls (P = 0.0001). There was an increased risk for develop
HCC in subjects consumed more than 100 000 quids (OR = 4
95% CI, 1.40–14.99). There is a positive linear trend between b
quids consumed and the risk for HCC (Pfor trend< 0.0001; Table 5) 

Clinical characteristics in HCC patients according to
betel quid chewing 

As shown in Table 6, there was marginal significance in 
median age between patients with betel quid chewing and th
without (P = 0.058). HCC patients with betel quid chewing we
predominantly male (P = 0.0001), and tended to be anti-HCV
negative (P = 0.008). All 71 habitual betel quid chewers we
© 2001 Cancer Research Campaign
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DISCUSSION 

By using a formal epidemiological approach, this study provi
evidence that habitual betel quid chewing is an independent
factors for HCC. However, the estimated population-attributa
risks indicate that chronic HBV/HCV infections are the m
important risk factors of HCC in Taiwan (Table 1). Since be
quid chewing has not been shown to be a risk factors of H
before, it is important to validate that our finding is not due
confounding bias. The bias may result from the control selec
information bias, or by un-controlling confounding facto
According to medical records, our healthy controls were hea
subjects who entered the hospital voluntarily for physical che
up. The prevalence of HBsAg (22.1%) and anti-HCV (4.6%)
our healthy controls was similar to those in volunteer blood do
(Tsai et al, 1997b) or community controls in the same area (Ts
al, 1993, 1996a, 1996b). The estimated prevalence of current
British Journal of Cancer (2001) 84(5), 709–713



.

u
v

h

s
o

u

i
d

n

s

i

n

g

g

n
n
a
i

 

as
 on
92).
ino-
cts
 in

 The
ole-
ues.
CC
tion
de-
uid
d an

onic

uncil

 coke

ins
cell

icity
enol

 MC

ith
a in

rato
rly

d

llular

er

21

712 JF Tsai et al
quid chewers in the same community inhabitants was around 6
(Ko et al, 1992; Chen and Shaw, 1996). Moreover, the higher 
educational level achieved, the lower the likelihood of being
betel quid chewer (Ko et al, 1992). As the population of betel q
chewing in Taiwan has recently increased year by year, the pre
ence of habitual betel quid chewing in our controls (8.36%
seemed reasonable. Among our controls, the frequency of b
quid chewing in subjects with educational level less than 10 ye
was significantly higher than that in those with more education
level (12.69% vs. 4.37%, P = 0.024). Moreover, there was no
significant difference in the prevalence rates of habitual alco
drinking and smoking between our controls and those (11% 
alcohol and 65.5% for smoking, respectively) in another ca
control study (Chen et al, 1991). Based on the informati
mentioned above, our controls seem be representative for gen
population of Taiwan, and make bias unlikely from control sele
tion or under-reporting of life-style habits. 

As shown in Tables 3 and 4, although the number of betel q
chewers with either HBV or HCV infection among the controls 
small, the OR for HBV- or HCV-infected betel quid chewer
seems to be greater than the sum, but lower than the product o
OR for either betel quid chewers alone or subjects with either v
infection alone. Based on a calculation of synergy index, an ad
ive interaction between betel quid chewing and either HBV 
HCV infection was deduced (Rothman, 1986). However, the
was no multiplicative interaction between betel quid chewing a
either HBV or HCV infection on multivariate analysis (data no
shown). Taken together, these observations suggest an indep
ent effect and an additive interaction between betel quid chew
and either HBV or HCV infection on the development of HCC. 

Both genetic and environmental factors determine individu
susceptibility to cancer. Carcinogens derived from betel qu
chewing may induce p53 mutation (Wong et al, 1998; Chiang et
1999) and over-expression of c-myc protein (Baral et al, 199
with activated ras oncogene and subsequent over-expressio
cell cycle regulatory protein, cyclin D1 (Kuo et al, 1995, 1999
These genetic alterations may have occurred in the proces
hepatocarcinogenesis (Idilman et al, 1998; Ozturk, 1999). 

Animals with chronic betel quid feeding developed chron
hepatocyte necroinflammation (Sarma et al, 1992) and liver can
(Bhide et al, 1979; Nishikawa et al, 1992). Although a causal re
tionship has not been conclusively established, chronic inflamm
tion of the liver appears to be a risk factor for HCC regardless
the underlying aetiology (Tsai et al, 1996a, 1997a; Idilman et 
1998). Though the mechanism is unknown, episodic necroinfla
mation has been considered important not only in induci
cirrhosis, but also in promoting transformation and progression
HCC (Idilman et al, 1998). Recent necroinflammation may be
promoting factor that serves as an endogeneous cocarcino
Inflammatory byproducts, including oxygen-derived free radica
and other reactive oxygen species, may cause cellular or D
damage that could be involved in hepatocarcinogenesis (Ha
et al, 1994; Shimoda et al, 1994; Farinati et al, 1999). In this stu
all HCC patients with habitual betel quid chewing also ha
cirrhosis (Table 6). Although cirrhosis is a late sequela of chro
HBV/HCV infection, declining liver function and reactive oxyge
species induced during chronic betel quid chewing (Liu et 
1996) may contribute, at least in part, to an additive interact
between betel quid chewing and chronic HBV/HCV infection. 

Little is known about the role of the betel leaf in the betel qu
carcinogenesis. The saliva of a betel quid chewer contains
British Journal of Cancer (2001) 84(5), 709–713
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average 420 µmol l–1 of safrole (Hwang et al, 1993). Safrole h
been classified by the International Agency for Research
Cancer as a group 2B carcinogen (Vainio and Wilbourn, 19
Experimental study has shown that safrole-induced liver carc
genesis correlated with the formation of safrole-DNA addu
(Philips, 1994). Recently, safrole-DNA adducts were found
HCC tissue from a heavy betel quid chewer (Liu et al, 2000).
distribution of these adducts was similar to that found in safr
treated mice: highest in the liver and lower in other tiss
Furthermore, safrole-DNA adduct could not be found in H
tissue from patients who did not chew betel quid. This informa
indirectly supports our finding that betel quid chewing is an in
pendent risk factor of HCC. In conclusion, habitual betel q
chewing appears to be an independent risk factor of HCC an
additive interaction between betel quid chewing and chr
HBV/HCV infection. 
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