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Abstract:  Objective: To assess whether people who ever use any form of chewing substance in Asia are at in-
creased risk of cardiovascular disease (CVD). Methods: PubMed and ISI Web of Science were searched for relevant
studies, with no limitation on language or study year. Studies were included if they provided quantitative estimate of
the association between ever use of chewing substance and the occurrence of CVD. Two authors independently
implemented inclusion criteria, abstracted study characteristics, and performed meta-analysis. Summary relative
risks were estimated on the basis of a random effect model. We used Q statistic and Egger’s test to examine het-
erogeneity across studies and potential publication bias, respectively. Results: Eight eligible studies were included.
The relative risk of CVD for ever using chewing substances with or without tobacco was 1.26 (95% confidence in-
terval (Cl) 1.12-1.40), which was unchanged when restricted to cohort studies [1.25 (1.08-1.42)] or cohort studies in
Taiwan [1.31 (1.12-1.51)]. The summary relative risk for ischemic heart disease was 1.27 (1.02-1.52), and was
lowered to 1.26 (0.85-1.67) after exclusion of a cross-sectional study. The overall relative risk for cerebrovascular
disease was 1.32 (1.08-1.56). On the basis of the Taiwan data, the summary relative risk of CVD for betel (Areca
catechu) chewing was 1.30 (1.17-1.44). Data on dose-response were limited to betel chewing in Taiwan, suggesting
a relationship between risk of CVD and cumulative exposure. Two large cohorts in Taiwan reported a greater risk of
CVD with betel chewing than with smoking. Conclusions: An association was detected between betel chewing with or
without tobacco and the risk of CVD. Betel chewing may impose a greater CVD risk than smoking. More effort is
needed in developing betel chewing cessation programmes. The relationship between betel chewing and subgroups
of CVD requires further investigation.
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1 Introduction

Various forms of smokeless tobacco, including
chewing tobacco and paan, namely, Areca catechu/
betel quid with tobacco, have been used in Asia for
centuries. Betel quid is made up of fresh betel leaves,
areca nut, and slaked lime, and can be served with or
without tobacco (Gupta and Ray, 2004). Preparation
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of betel quid varies from region to region, with the
major difference being whether tobacco is added. To
avoid a possible misnomer by classifying betel quid
with some types of smokeless tobacco, while some-
times tobacco is actually absent, we herein employed
the term “chewing substance” to refer to any type of
chewing tobacco or betel quid with or without to-
bacco. Betel quid with tobacco is said to be one of the
most commonly used forms of smokeless tobacco in
South Asia (Gupta and Ray, 2003), whereas areca nut
(usually incorporated in betel quid) ranks the fourth
most common addictive substance in the world after
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caffeine, tobacco, and alcohol (Gupta and Ray, 2004).

The complex nexus between chewing tobacco
and betel quid is not easy to dissect. This, along with
high prevalence of chewing tobacco and betel quid in
South and Southeast Asia, exhibits a geographically
unique scene of tobacco use, or more accurately,
substance use other than the pandemic cigarette
smoking (Rani et al., 2003; Wen et al., 2005; Teo et
al., 2006). Compared to cigarette smoking, which is a
well established risk factor for cardiovascular disease
(CVD), chewing tobacco and betel quid, though
prevailing in many parts of Asia, are relatively less
explored for their potential adverse effect on cardio-
vascular system. To date, few epidemiological studies
have been conducted in Asia (Gupta et al., 2005; Wen
et al., 2005; Teo et al., 2006; Guh et al., 2007; Lan et
al., 2007; Lin et al., 2008; Rahman and Zaman, 2008;
Yen et al., 2008), investigating the relative risk of
CVD related to chewing tobacco and betel quid, and
the findings are not all comparable.

A recent meta-analysis indicated that smokeless
tobacco users in Sweden and USA were at increased
risk of CVD compared with nonusers (Boffetta and
Straif, 2009). However, studies conducted in Asia
were not included in view of heterogeneity between
the contents of smokeless tobacco in Asia and those in
Sweden and USA. Thus, the conclusion may not be
readily applicable in the Asian context. Determining
the roles of chewing tobacco and betel quid in CVD is
important, given their high prevalence of usage and
current high incidence and mortality of CVD in Asia.
All these concerns prompted us to carry out a meta-
analysis to summarize existing evidence, on the link
between use of chewing substances and risk of CVD.

2 Methods
2.1 Searching strategy and selection criteria

The MOOSE guidelines for meta-analysis of
observational studies in epidemiology were followed
(Stroup et al., 2000). We searched PubMed (up to
July 2010), using the terms: (“cardiovascular dis-
eases” [mesh] OR (“cardiovascular” [All Fields]
AND “diseases” [All Fields]) OR *“cardiovascular
diseases” [All Fields] OR “cerebrovascular disorders”
[mesh] OR (“cerebrovascular” [All Fields] AND
“disorders” [All Fields]) OR *cerebrovascular disor-

ders” [All Fields] OR “stroke” [mesh] OR “stroke”
[All Fields] OR mortality OR death*) AND (“betel
quid” OR “betel-quid” OR “betel nut” OR “betel
nuts” OR *“areca nut” OR “areca nuts” OR “paan” OR
“pan” OR snuff OR snus OR “gul” OR “gutka” OR
“khaini” OR “loose leaf” OR “maras” OR “mawa”
OR “mishri” OR “naswar” OR “Areca catechu” OR
“tooth powder” OR *shammah” OR “tobacco chew-
ing gum” OR “zarda” OR *“tobacco, smokeless”
[mesh] OR “smokeless tobacco” OR “chewing to-
bacco” OR “non-smoking tobacco”) AND (“cohort
studies” [mesh] OR “cross-sectional studies” [mesh]
OR *“case control studies” [mesh] OR (“cohort” [TI]
AND stud* [TI]) OR (case* [TI] AND control* [TI])
OR prospective OR retrospective OR cross-sectional
OR *“cross sectional™), which yielded 1006 potentially
relevant references. We adapted the searching strat-
egy for a second search in ISI Web of Science (up-
dated July 19, 2010), and found another 739 refer-
ences. We identified all observational studies in-
cluding cohorts, case-control studies, and cross-
sectional studies, provided that they explored the
association between ever using chewing substances
and the occurrence (incidence or mortality) of CVD,
and reported the strength of the associations with a
guantitative risk estimate. There was no limitation on
language, study year, or publication status.

After excluding duplicates, two authors inde-
pendently reviewed all citations with titles and ab-
stracts that appeared to fit the criteria for inclusion.
We checked references of included studies and re-
views to further identify other potentially eligible
studies. The numbers of citations excluded and reason
for exclusion were tracked.

2.2 Outcome measurement

We conducted the meta-analysis based on se-
lected outcome measurements including cardiovas-
cular disease (CVD), ischemic heart disease (IHD),
and cerebrovascular disease (CBVD). The following
sub section will describe in detail how these outcome
measurements were identified.

2.3 Data extraction

Two authors independently extracted risk esti-
mates and characteristics of each individual study.
We followed the international classification code
(ICD-9 and ICD-10) when grouping the extracted
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outcome measurements. Accordingly, we regarded
CVD as either 390-459 in ICD-9 or 100-199 in
ICD-10, IHD as either 410-414 in ICD-9 or 120-125
in ICD-10, and CBVD as either 430-438 in ICD-9 or
160-169 in ICD-10. When outcomes were not coded
with an ICD number, we made assumptions according
to the definition of diseases reported and how ascer-
tainment was made. The extracted data were com-
pared and any inconsistencies resolved. Wherever
possible, data were extracted for fatal and non-fatal
cardiovascular events.

If stratified results were presented from one
study (for example, separate results for current and
former use, for men and women), we combined them
by carrying out a meta-analysis based on fixed effect
model when Q statistic was not significant (P>0.1);
otherwise we used a random effect model.

2.4 Data synthesis and statistical analysis

A meta-analysis was made of the selected pri-
mary endpoint outcomes based on a random effect
model (DerSimonian and Laird, 1986). We exam-
ined heterogeneity across studies with the Q statistic
(P<0.1 considered significant). Egger’s test was
used to detect possible publication bias. All of
analyses were conducted with the statistical package
STATA (Version 11.0; Stata Corp, College Station,
TX, USA).

We classified studies on the basis of the chosen
outcomes (CVD, IHD, CBVD). In addition, we also
classified studies by geographical region of study and
study design (cohort, case-control) in the subgroup
analysis. We accounted for concurrent smoking as a
confounding factor, if a risk estimate was neither
restricted to non-smokers nor obtained after adjust-
ment for smoking; we considered it for sensitivity
analysis by repeating the meta-analysis after exclu-
sion of the study. Similarly, we repeated the meta-
analysis after removing cross-sectional studies, and
studies in which we had made any assumption about
the classification of diseases. To minimize the con-
founding due to presence or absence of tobacco in
chewing substances, which may be characteristic of
different regions, we repeated the meta-analysis after
stratification by geographical region. The possible
influence of study design was assessed by repeating
the main analysis with cohort study data only. To
disentangle the effect of geographical region from

that of study design, we carried out a further meta-
analysis restricted to cohort studies from Taiwan.

3 Results

Fig. 1 shows details of study identification, in-
clusion, and exclusion. A total of 1599 publications
were initially screened. Eight studies met the criteria
for inclusion in the present study.

Publications from search of PubMed and ISI Web of Science
(n=1745)

Citations remained after duplicates removed (n=1599)

Exclusion of irrelevant studies (n=1562)

Yy

Y

Detailed information evaluated (n=37)

Citations excluded (n=30):

® Systematic or narrative reviews (n=7);

» ® Comments/letters (n=3);

® Studies from Europe, Africa, and USA (n=16);
® Studies not reporting risk estimates (n=4)

Additional study identified in
references (n=1)

<

Y

Publication included in meta-analysis (n=8)

Fig. 1 Flow diagram of the study selection process

3.1 Characteristics of included studies

Table 1 shows the characteristics of the included
studies. All of the epidemiological studies were un-
dertaken in South and East Asia in recent years. Five
cohort studies were from India and Taiwan (China)
(Gupta et al., 2005; Wen et al., 2005; Lan et al., 2007,
Lin et al., 2008; Yen et al., 2008), two used
case-control design, one of which is a multi-center
study (Teo et al., 2006; Rahman and Zaman, 2008),
and another one used cross-sectional design (Guh et
al., 2007). Of the eight studies included, four studies
reported increased risk for use of chewing substance
(Teo et al., 2006; Lin et al., 2008; Rahman and
Zaman, 2008; Yen et al., 2008), two showed incon-
sistent results between women and men (Gupta et al.,
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2005; Guh et al., 2007), one found inconsistency
between subtypes of CVD (Lan et al., 2007), and still
another one reported negative results (Wen et al.,
2005). Four studies (Gupta et al., 2005; Teo et al.,
2006; Lin et al., 2008; Rahman and Zaman, 2008)
reported risk estimates of substance chewers re-
stricted to never tobacco smokers, whereas the others
all included cigarette smokers in both categories
(Wen et al., 2005; Lan et al., 2007; Guh et al., 2007;
Yen et al., 2008), and could not report the relative risk
of chewing betel quid alone. In the latter, however,
risk estimates were all adjusted for cigarette smoking,
except in one study (Wen et al., 2005).

Three studies (Wen et al., 2005; Lan et al., 2007;
Lin et al., 2008) mentioned that betel quid in Taiwan
was generally chewed without tobacco. The betel
quid was commonly used with added tobacco else-
where in South Asia (Gupta and Ray, 2004), though it
was not the case in the Mumbai cohort, where betel

quid was chewed without tobacco (Gupta et al., 2005).

Meta-analyses of stratified results were performed for
three studies to obtain a summary relative risk (Gupta
et al., 2005; Guh et al., 2007; Lin et al., 2008).

3.2 Chewing substances and risk of CVD

On the basis of six risk estimates, the overall
relative risk of CVD (ICD-9: 390-459; ICD-10:
100-199) for ever using chewing substances was 1.26
(95% confidence interval (Cl) 1.12-1.40), with no
evidence of heterogeneity among studies (Table 2,
Fig. 2; test for publication bias P=0.68). Restricting
the meta-analysis to cohort studies yielded a summary
relative risk of 1.25 (1.08-1.42) based on five risk
estimates. The summary relative risk of CVD for
betel chewing was 1.30 (1.17-1.44) based on five
studies from Taiwan. Data from cohort studies in
Taiwan gave a summary relative risk of 1.31
(1.12-1.51) based on four risk estimates. An in-
creased risk of death from CVD was present, 1.28
(1.00-1.56) based on four risk estimates. After re-
moving one study that did not report a risk estimate
after adjustment for smoking (Wen et al., 2005), the
positive direction of relative risks all persisted, except
for the fatal form of CVD (data not shown).

Dose-response analysis for CVD was reported in
three studies in Taiwan (Lan et al., 2007; Lin et al.,
2008; Yen et al., 2008), and significant trends in risk
by cumulative exposure were detected in two studies

Table 2 Results of meta-analysis on risk of CVD and
chewing substances with or without tobacco

Outcome and  No. of risk * RR
subgroups estimates (95% CI)
CVvD
Overall 6 0.17  1.26(1.12-1.40)
Cohort 5 0.13  1.25(1.08-1.42)
Taiwan 5 0.29 1.30(1.17-1.44)
Cohort Taiwan 4 0.19 1.31(1.12-1.51)
Fatal 4 0.07  1.28 (1.00-1.56)
IHD
Overall 6 0.29 1.27(1.02-1.52)
Cohort 3 0.89  1.08(0.78-1.38)
South Asia 3 0.07  1.64(0.60-2.68)
Taiwan 3 0.77  1.31(1.08-1.53)
Cohort Taiwan 2 0.71  1.15(0.61-1.70)
Fatal 3 0.89 1.08(0.78-1.38)
CBVD
Overall 3 0.40  1.32(1.08-1.56)
Taiwan 2 0.43  1.52(1.09-1.96)

“ P for heterogeneity. CVD: cardiovascular disease; IHD: ischemic
heart disease; CBVD: cerebrovascular disease; RR: relative risk;
CI: confidence interval

Relative risk ~ Weight
Study ID (95% Cl) (%)
Gupta et al. (2005) —— 1.06 (0.84, 1.33) 19.45
Yen et al. (2008) - 1.24(1.11, 1.39) 32.77
Lin et al. (2008) ——— 1.77(1.31,2.40) 5.75
Lan et al. (2007) —— 1.41(1.12,1.77) 13.34
Wen et al. (2005) - 1.10 (0.80,1.60) 9.70
Guh et al. (2007) —— 1.34(1.12,1.62) 18.98
Overall (I2=35.9%, P=0.168) <> 1.26 (1.12, 1.40) 100.00
NOTE: Weights are from random
effects analysis

T 1
0 0510152025

Fig. 2 Forest plot of risk estimates for CVD among users
of chewing substances

(Lan et al., 2007; Yen et al., 2008). In the third study
(Lin et al., 2008), though the analysis for trend was
not reported, the relative risk of fatal CVD was the
highest in the groups of subjects using betel quid most
often. In addition, two of these large cohorts (Lin et
al., 2008; Yen et al., 2008) reported a greater risk of
CVD caused by betel chewing than smoking. In Yen
et al. (2008)’s study, the relative risks (95% CI) of
CVD for betel chewing and smoking were 1.24
(1.11-1.39) and 0.96 (0.89-1.04), respectively. Lin et
al. (2008) calculated that betel nut chewers had a
higher risk of CVD mortality (relative risk 2.10;
P<0.05) than did smokers.
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3.3 Chewing substances and risk of IHD

An increased risk of IHD (ICD-9, 410-414;
ICD-10: 120-125) was observed, with a summary
relative risk of 1.27 (1.02-1.52) on the basis of six
risk estimates (Table 2; test for publication bias
P=0.60). However, the relative risk effect became
insignificant after the removal of the cross-sectional
study of Guh et al. (2007), resulting in a summary risk
estimate of 1.26 (0.85-1.67). The inconsistency be-
tween main analysis and subsequent sensitivity
analysis indicated that a significant effect reached by
main analysis may be heavily influenced by one sin-
gle study. Thus, the result should be interpreted with
caution. Restricting the meta-analysis to cohort
studies (three risk estimates) or studies in South Asia
(three risk estimates) did not show a marked in-
creased risk, though the trend was toward positive
(Table 2). Studies carried out in Taiwan revealed an
increased risk of 1.31 (1.08-1.53), but again the ef-
fect appeared non-significant after exclusion of the
same cross-sectional study where “heart disease” was
recalled by patients rather than being diagnosed in
hospital or classified with specific criteria (Guh et al.,
2007).

Of note, there were two case-control studies that
investigated the incidences of “coronary heart dis-
ease” and “acute myocardial infarction” (one of them
being a multi-center study), and both showed marked
increase of risk in tobacco chewers in South Asia
(Teo et al., 2006; Rahman and Zaman, 2008).

3.4 Chewing substances and risk of CBVD

Only three estimates (Gupta et al., 2005; Wen
et al., 2005; Lan et al., 2007) were available for
CBVD (ICD-9: 430-438; ICD-10: 160-169; all in
fatal form), resulting in an overall relative risk of
1.32 (1.08-1.56) (Table 2; test for publication bias
P=0.76). No heterogeneity was observed. Given the
limited number of studies, we did not perform fur-
ther subgroup analysis.

4 Discussion

Our meta-analysis showed an increased risk of
CVD among users of chewing substances with or

without tobacco compared with non-users. Study data
from Taiwan indicated significantly increased CVD
risk in relation to betel chewing. When meta-analyses
were confined to cohort studies or cohort studies in
Taiwan, the positive effects remained significant.
This was further confirmed by subsequent sensitivity
analysis by removing the studies that either did not
report an adequately adjusted risk estimate (Wen et
al., 2005) or defined the outcome measurement less
clearly (Guh et al., 2007). The magnitudes of the
excess risks for CVD and CBVD were both small, but
the results were produced on the basis of several
studies with large numbers of participants. The con-
sistency of results among studies, and their robustness
for study design and quality also added to their
credibility. The meta-analysis for IHD, however,
showed inconsistency, when a sensitivity analysis
was undertaken. Further grouping the meta-analysis
by study design or geographical region did not show
the evidence of excess risk for IHD.

Several explanations may be given for the dis-
crepancy in results between CVD in total and sub-
types of CVD, such as IHD. First of all, numbers of
IHD cases included may be relatively small. For
example, four out of six studies had included no more
than 200 IHD cases or deaths in each (Wen et al.,
2005; Lan et al., 2007; Guh et al., 2007; Rahman and
Zaman, 2008). Small study population may be
underpowered to detect a possible association.
However, this was not the case in the Mumbai cohort
study (Gupta et al., 2005), which documented a total
of 1372 IHD deaths (631 men and 741 women),
though an increased risk was found only in women.
Gupta et al. (2005) reasoned that cause-specific death
rates could be underestimated, since nearly a quarter
of total deaths could not be matched. Of note, identi-
fication of IHD deaths in this cohort showed a wider
range than those in the other studies (Table 1), which
might be a source of inconsistent results among
studies. Furthermore, it was also noted that misclas-
sification for the cause of death may well be possible
even within a high quality death registering system
(Gupta et al., 2005). It is unclear, however, how
misclassification of fatal IHD could generate a false
negative result in cohort studies, since misclassifica-
tion would most likely be non-discriminatory for the
exposure status (Rothman and Greenland, 1998). In
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any case, misclassification could have little influence
on the identification of CVD in total. Since diseases
of other systems were much less likely to be classified
as circulatory diseases, while various diseases within
the group of recognized CVD may be mistaken for
each other.

Moreover, the meta-analysis for the risk of CVD
in total was largely based on four cohort studies in
Taiwan (Wen et al., 2005; Lan et al., 2007; Lin et al.,
2008; Yen et al., 2008) where betel quid was chewed
without tobacco (Wen et al., 2005). Meta-analysis
based on Taiwan data showed increased risk of CVD
for betel chewing, relative risk 1.30 (1.17-1.44)
based on five risk estimates. When it was confined to
cohort studies in Taiwan, the positive direction per-
sisted, and was not swerved by exclusion of the very
study in which risk estimate was not adjusted for
cigarette smoking (Wen et al., 2005). In addition, two
large cohorts in Taiwan (Lin et al., 2008; Yen et al.,
2008) reported a greater risk of CVD from betel
chewing than from smoking. The consistency be-
tween main analysis and sensitivity analysis, together
with dose-response effect in several of these studies,
attested to the evidence that betel chews free of to-
bacco can be harmful to cardiovascular system,
though further classified subtypes of CVD were less
studied for betel chewing. On the other hand, however,
concerning chewing substances with tobacco, only
one cohort study (Gupta et al., 2005) was available
for the risk estimate of CVD in total, where increased
relative risk was found only in women. In contrast,
the two case-control studies including both sexes
(Teo et al., 2006; Rahman and Zaman, 2008) have
explored exclusively the relationship between coro-
nary heart disease and use of chewing tobacco, which
supported a positive link. Given these concerns, more
investigations are needed to explore the risks for
specific subgroups of CVD in relation to the use of
betel chews with or without tobacco, but this would
have to rely on specific and accurate classification of
specific CVD forms and of specific CVD events.

The underlying mechanisms for the link between
chewing substance and CVD may be multiple. Nico-
tine and arecoline, the predominant alkaloids that
were found, respectively, in tobacco and betel quid
(Areca catechu), are recognized for their short-term
effects in causing increased heart rate and blood

pressure (Benowitz and Gourlay, 1997; Boucher and
Mannan, 2002). Recent studies both in India and
Taiwan have found that tobacco chewers and betel
chewers were more prone to have dyslipidemia and
hypertension (Khurana et al., 2000; Chung et al.,
2006; Gupta et al., 2007; Tseng, 2008), which are
traditional risk factors of CVD. It may well raise the
suspicion that some chemicals from these chewing
substances may trigger specific biochemical reactions
related to dyslipidemia and hypertension, which in
turn lead to cardiovascular events. In addition,
chewing itself may lead to susceptibility to perio-
dontal diseases, which are potentially associated with
cardiovascular malfunction (Ling et al., 2001; Janket
et al., 2003). The detailed mechanism by which these
processes are involved in the development of CVD
remains unclear and merits further investigation.

Our findings extend the conclusion reached by a
previous meta-analysis which indicated an associa-
tion between smokeless tobacco and risk of CVD
based on studies carried out in the United States and
Sweden (Boffetta and Straif, 2009). To explore the
associations of tobacco/betel chewing and CVD risks
in Asia, we carried out a meta-analysis based on ex-
plicit criteria for inclusion of studies, extraction, and
pooling of results. By summarizing the existing evi-
dence quantitatively, we obtained a more precise risk
estimate with a narrowed confidence interval, and
thus increased the power to detect a link between use
of betel quid and risk of CVD. The results included in
the meta-analysis were adjusted for other known risk
factors of CVD, such as hypertension, obesity, and
education level.

Our study also has some limitations. First, it was
unclear whether substance chewers would change
their habit during follow-up in the cohort study. It
might generate a false positive effect if chewers
shifted to smoking. However, evidence supporting
chewing tobacco or betel quid as a “gateway” to
smoking was lacking in Asia. In fact, Taiwan data
indicated that smoking appeared a *“gateway” for
betel quid chewing while smokers rarely started
chewing first (Wen et al., 2005). Second, confound-
ing by cigarette smoking might be a potential source
of bias. Still this meta-analysis has very few studies
suitable to use, and not all studies reported the relative
risk confined to non-smokers. However, the numbers
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of participants in most of these studies were large, and
in three of the four studies (Guh et al., 2007; Lan et al.,
2007; Yen et al., 2008) where smokers were included,
risk estimates were all reported after adjustment of
smoking status. The other study (Wen et al., 2005)
was removed in the sensitivity analysis, without al-
tering the findings. Third, we did not perform meta-
analysis stratified by gender, given lack of data. Very
few women in Taiwan use betel quid (Wen et al.,
2005; Lin et al., 2008), and in fact, three large cohorts
in Taiwan investigated male participants exclusively
(Wen et al., 2005; Lin et al., 2008; Yen et al., 2008).
Furthermore, only one large cohort (Gupta et al.,
2005) and another two studies (Guh et al., 2007;
Rahman and Zaman, 2008) reported relative risk for
females separately. However, the latter two included
far less cases compared to other studies, making it
meaningless to stratify the data by gender. Finally, in
consideration of possible heterogeneity, we used a
random effect model which may result in wider
confidence intervals, and thus a more conservative
estimate of effect.

In conclusion, a meta-analysis was carried out on
studies of betel chewing in Asia, with and without
tobacco, in relation to CVD risks. A direct association
was detected, though the results on subgroups of
CVD were less convincing. Furthermore, betel
chewing may impose a greater CVD risk than smok-
ing. More effort on developing betel chewing cessa-
tion programmes is urgently warranted. Further
studies are needed to elucidate whether a similar ef-
fect is present for different subgroups of CVD and to
clarify the mechanisms of the effect of chewing to-
bacco and betel quid on the occurrence of CVD.

5 Acknowledgements

The authors express their sincere thanks to the
international peer referees for improving this paper.

References

Benowitz, N.L., Gourlay, S.G., 1997. Cardiovascular toxicity
of nicotine: implications for nicotine replacement therapy.
J. Am. Coll. Cardiol., 29(7):1422-1431. [do0i:10.1016/
S0735-1097(97)00079-X]

Boffetta, P., Straif, K., 2009. Use of smokeless tobacco and
risk of myocardial infarction and stroke: systematic re-

view with meta-analysis. BMJ, 339:h3060. [doi:10.1136/
bmj.b3060]

Boucher, B.J., Mannan, N., 2002. Metabolic effects of the
consumption of Areca catechu. Addict. Biol., 7(1):
103-110. [d0i:10.1080/13556210120091464]

Chung, F.M., Chang, D.M., Chen, M.P., Tsai, J.C., Yang, Y.H.,
Shieh, T.Y., Shin, S.J., Chen, T.H., Tai, T.Y., Lee, Y.J,,
2006. Areca nut chewing is associated with metabolic
syndrome: role of tumor necrosis factor-alpha, leptin, and
white blood cell count in betel nut chewing-related me-
tabolic derangements. Diabetes Care, 29(7):1714. [doi:
10.2337/dc06-0628]

DerSimonian, R., Laird, N., 1986. Meta-analysis in clinical
trials. Control. Clin. Trials, 7(3):177-188. [doi:10.1016/
0197-2456(86)90046-2]

Guh, J.Y., Chen, H.C., Tsai, J.F., Chuang, L.Y., 2007. Betel-
quid use is associated with heart disease in women. Am. J.
Clin. Nutr., 85(5):1229-1235.

Gupta, B.K., Kaushik, A., Panwar, R.B., Chaddha, V.S.,
Nayak, K.C., Singh, V.B., Gupta, R., Raja, S., 2007.
Cardiovascular risk factors in tobacco-chewers: a con-
trolled study. J. Assoc. Phys. India, 55:27-31.

Gupta, P.C., Ray, C.S., 2003. Smokeless tobacco and health in
India and South Asia. Respirology, 8(4):419-431. [doi:10.
1046/j.1440-1843.2003.00507.x]

Gupta, P.C., Ray, C.S., 2004. Epidemiology of betel quid
usage. ANNALS Acad. Med. Singapore, 33(Suppl. 4):
31-36.

Gupta, P.C., Pednekar, M.S., Parkin, D.M., Sankaranarayanan,
R., 2005. Tobacco associated mortality in Mumbai
(Bombay) India. Results of the Bombay cohort study. Int.
J. Epidemiol., 34(6):1395-1402. [doi:10.1093/ije/dyi196]

Janket, S.J., Baird, A.E., Chuang, S.K., Jones, J.A., 2003.
Meta-analysis of periodontal disease and risk of coronary
heart disease and stroke. Oral. Surg. Oral. Med. Oral.
Pathol. Oral. Radiol. Endod., 95(5):559-569. [doi:10.
1067/moe.2003.107]

Khurana, M., Sharma, D., Khandelwal, P.D., 2000. Lipid
profile in smokers and tobacco chewers: a comparative
study. J. Assoc. Phys. India, 48(9):895-897.

Lan, T.Y., Chang, W.C., Tsai, Y.J., Huang, Y.L., Lin, H.S., Tai,
T.Y., 2007. Areca nut chewing and mortality in an elderly
cohort study. Am. J. Epidemiol., 165(6):677-683. [doi:10.
1093/aje/kwk056]

Lin, W.Y., Chiu, T.Y., Lee, L.T., Lin, C.C., Huang, C.Y.,
Huang, K.C., 2008. Betel nut chewing is associated with
increased risk of cardiovascular disease and all-cause
mortality in Taiwanese men. Am. J. Clin. Nutr., 87(5):
1204-1211.

Ling, L.J., Hung, S.L., Tseng, S.C., Chen, Y.T., Chi, L.Y., Wu,
K.M., Lai, Y.L., 2001. Association between betel quid
chewing, periodontal status and periodontal pathogens.
Oral Microbiol. Immunol., 16(6):364-369. [doi:10.1034/
j.1399-302X.2001.160608.X]

Rahman, M.A., Zaman, M.M., 2008. Smoking and smokeless
tobacco consumption: possible risk factors for coronary



Zhang et al. / J Zhejiang Univ-Sci B (Biomed & Biotechnol) 2010 11(9):681-689 689

heart disease among young patients attending a tertiary
care cardiac hospital in Bangladesh. Public Health,
122(12):1331-1338. [doi:10.1016/j.puhe.2008.05.015]

Rani, M., Bonu, S., Jha, P., Nguyen, S.N., Jamjoum, L., 2003.
Tobacco use in India: prevalence and predictors of
smoking and chewing in a national cross sectional
household survey. Tobacco Control, 12(4):e4. [doi:10.
1136/tc.12.4.e4]

Rothman, K.J., Greenland, S., 1998. Precision and Validity in
Epidemiologic Studies. In: Rothman, K.J., Greenland, S.
(Eds.), Modern Epidemiology, 2 Ed. Lippincott-Raven,
Philadelphia, PA, p.15-34.

Stroup, D.F., Berlin, J.A., Morton, S.C., Olkin, 1., Williamson,
G.D., Rennie, D., Moher, D., Becker, B.J., Sipe, T.A.,
Thacker, S.B., 2000. Meta-analysis of observational
studies in epidemiology: a proposal for reporting meta-
analysis of observational studies in epidemiology
(MOOSE) group. JAMA, 283(15):2008-2012. [doi:10.
1001/jama.283.15.2008]

Teo, K.K., Ounpuu, S., Hawken, S., Pandey, M.R., Valentin,
V., Hunt, D., Diaz, R., Rashed, W., Freeman, R., Jiang, L.,
et al., 2006. Tobacco use and risk of myocardial infarc-
tion in 52 countries in the INTERHEART study: a case-
control study. The Lancet, 368(9536):647-658. [doi:10.
1016/S0140-6736(06)69249-0]

Tseng, C.H., 2008. Betel nut chewing is associated with hy-
pertension in Taiwanese type 2 diabetic patients. Hyper-
tens. Res., 31(3):417-423. [d0i:10.1291/hypres.31.417]

Wen, C.P., Tsai, S.P., Cheng, T.Y., Chen, CJ., Levy, D.T,,
Yang, H.J., Eriksen, M.P., 2005. Uncovering the relation
between betel quid chewing and cigarette smoking in
Taiwan. Tobacco Control, 14(Suppl. 1):i16-i22. [doi:10.
1136/tc.2004.008003]

Yen, A.M., Chen, L.S., Chiu, Y.H., Boucher, B.J., Chen, T.H,,
2008. A prospective community-population-registry
based cohort study of the association between betel-quid
chewing and cardiovascular disease in men in Taiwan.
Am. J. Clin. Nutr., 87(1):70-78.

New Website, More Information in 2010

http://www.zju.edu.cn/jzus; http://www.springerlink.com

Home  Cumrentissue  Online Submission Readers Register ContaciUs
CONTENTS
Journals
Current Issue
Back s P ol of 7

JOURNAL OF ZHEJIANG UN[VERSITYSCIENCE ABC

jiang University-SCIENCE A {Applied Physics & Engineering)

Search

Top 10cited A B

Optimal choice of parameter.

IS5Ns 1673-3

Onling First

(Print); 1862-1773 (Online): started in 2000, Monthiy.

Hybrid discrete particle sw...
How to realize a negative ...

Subscription

INSTR. FOR AUTHOR

Preparing Manuseript

Online Submission

Revision & Acceptance

Cross Check

Call for paper

FOR REVIEWER

Intl Reviewer

Guidelines for Reviewer

ABOUT JZUS

Editerial Board

e-Link

JZUS Events

Contact us

JZUS-A is an intemational "Applied Phvsics & Engineering" reviewed-Toumal indexed by
SCI-E. Ei Compendex, INSPEC, CA, SA, JST, AL, ZM, CABIL ZR. CSA, etc. It mainly covers
research in Applied Physics, Mechanical and Civil Engineering, Environmental Science and
Energy, Materials Science and Chemical Engineering, etc.

I ournal of Zhejiang University-SCIENCE B (Biomedicine & Biotechnology)
A 4 = ISSNs 1673-1381 (Pnnt); 1862-1783 {Online); started i 2003, Monthly.

'i_ JZUS-B is an international "Biomedicine & Biotechnology” reviewed-Joumal indexed by
= SCI-E, MEDLINE, PMC, BA, BIOSIS Previews, JST, ZR, CA, SA AT ZM CABI, C8A et
= and supported by the National Natural Science Foundation of China. It mainly covers

~= === research in Biomedicine, Biochemistry and Biotechnolozy, etc

Journal of Zhejiang University-SCIENCE C {Computers & Electronics)
I88Ns 1860-1931 (Print); 1869-195X (Online): starts in 2010, Monthly

Ei Compendex, DBLP, IC, Scopus, IS8T, CSA, etc. It covers research in Computer Science
~— Electncal and Electronic Engineenng, Information Sciences, Automation, Control
Telecommunications, as well as Applied Mathematics related to Computer Science

Wi 5= . T Inthe Web of Science, search for "JOURNAL OF ZHETIANG UNIVERSITY-SCIENCE C*"

CR of Thomson Reuters, the Impact Factor of JZUS-4 s 0.301, and the
15-Bis 1.041

JZUS-C is an international "Computers & Electronics ' reviewed-Joumal indexed by SCLE™,

Three-dimensional analysis ...

THE POLYMERIZATION OF
METHY...

more
Newestcited A B C

Investigation of migration ...
Self-certified multi-proxy ...
Cantrol strategy of hybrid ...
Impraved Feistel-based ciph...
Application of honey-bee ma
more

Top 10 DOIs Monthly

A numerical analysis o the...
Farameter effects on the dy..
Model-based testing with UI...
Temporal variation in medal...
Freface

more

Newest 10 comments

Buckling of un-stifened cy..
Prediction and analysis maod...
Assessment of rice fields b...
Construction and characteri...
Synthesis of acetals and ke

more





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200037000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003000200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


