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Abstract 

Background: Areca nut chewing is associated with the risk of obesity, metabolic syndrome, 
hypertension, and cardiovascular mortality. Although a few case reports or case series have 
suggested the link between areca nut chewing and cardiac arrhythmias, information about the 
relationship between areca nut chewing and atrial fibrillation (AF) is lacking. Thus, a nationwide 
ecological study was conducted to investigate this. 
Methods: Two national datasets, the nationwide population-based 2005 Taiwan National Health 
Insurance Research dataset (NHIRD) and the 2005 National Health Interview Survey (NHIS), were 
used for analyses. The clinical characteristics, inhabited area and medical histories for 375,360 
eligible males were retrieved from the 2005 NHIRD. Health related behaviors including areca nut 
chewing, cigarette smoking, infrequent vegetable eating, and exercise habit were collected from 
the 2005 NHIS. The prevalence of AF and the areca nut chewing rate were evaluated by multi-
variate analysis. 
Results: Of the 375,360 males (mean age, 44 years old), 1,326 (0.35%) were diagnosed with AF. 
The higher areca nut chewing rate, the higher prevalence rate of AF in Taiwan (Spearman cor-
relation coefficient r = 0.558, p = 0.007). After adjusting for other covariates, the current areca nut 
chewing rate was found to be independently associated with the prevalence of AF. The adjusted 
odd ratio for areca nut chewing was 1.02 (95% CI = 1.00-1.04) in risk of AF prevalence.  
Conclusions: Areca nut chewing is independently associated with the prevalence of AF in Tai-
wanese men. However, further exploration of the underlying mechanisms is necessary. 

Key words: atrial fibrillation, areca nut chewing. 

Introduction 
Atrial fibrillation/atrial flutter (AF) is the most 

commonly diagnosed atrial tachyarrhythmia in clini-
cal practice [1]. According to The Framingham Heart 
Study, subjects with AF had an increased risk of 

stroke and a near two-fold mortality rate as compared 
to those without [2]. In Taiwan, the overall prevalence 
rate of AF was 1.07% [3]. Taiwanese patients with AF 
had a four-fold and two-fold increased risk of suffer-
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ing from stroke and all-cause-death, respectively [3].  
Areca nut (AN) chewing is the fourth most pop-

ular substance abuse habit in the world [4]. Previous 
studies have found that AN chewing is associated 
with the risk of obesity, metabolic syndrome, hyper-
tension, cardiovascular disease such as coronary ar-
tery disease (CAD), and all-cause mortality [5-10]. 
Several case reports/case series also show that AN 
chewing may be linked to cardiac arrhythmias [11-16]. 
However, to our knowledge, there is no study inves-
tigating the relationship between AN chewing and 
AF. Thus, we conducted a nationwide ecological 
study by combining the population-based National 
Health Insurance research dataset (NHIRD)[17] and 
the National Health Interview Survey (NHIS)[18] to 
examine the association between AF and AN chew-
ing. Due to the lower AN chewing rate in Taiwanese 
women, male subjects only were analyzed [19]. 

Methods 
Study population 

Study subjects were randomly selected from 
2004-2005 NHIRD; all were males and older than 18 

years of age. Subjects residing in off-shore islands 
were excluded due to differences in life style and 
health related behaviors (Figure 1). Taiwan’s National 
Health Insurance (NHI) program enrolled about 23 
million people, ~99% of the Taiwanese population. 
The NHIRD contained data on utilization of all NHI 
resources, including outpatient visits, hospital care, 
and prescribed medications. The study cohort was 
identified and tracked from a subset of the NHIRD, 
the Longitudinal Health Insurance Database of 2005 
[18]. Demographic and medical data including age, 
gender, residential area, and co-morbidity were ob-
tained from the 2004-2005 NHIRD. The co-morbidities 
were obtained by diagnosis according to the Interna-
tional Classification of Diseases, Ninth Revision 
(ICD9) codes of outpatient visits or hospitalizations.. 
The co-morbidities predisposing subjects to AF were 
selected and used in multivariate analysis (Supple-
mental table 1). Since the NHIRD consists of en-
crypted secondary data, the study was waived from 
full review by the Institutional Review Board in 
Kaohsiung Medical University Hospital.  

 

 
Figure 1. The flow chart of case/control group including and excluding. 
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Table 1. Baseline characteristics. 

 All subjects, N(%) 
Number 375243 
Age, mean (years old) 43.93 ±16.67 
Urbanicity (%) 292646  (77.99%) 
Health related behaviors   
Areca nut chewing rate (%) 14.74 ±6.72 % 
Smoking rate (%) 43.69 ±4.84 % 
Infrequent vegetable eating (%) 2.07 ±0.59 % 
Exercise rate (%) 60.22 ± 5.66 % 
Medical history 
Diabetes mellitus (%) 25313 (6.75%) 
Hypertension (%) 55550 (14.80%) 
Congestive heart failure (%) 3990 (1.06%) 
Ischemic stroke (%) 6546 (1.74%) 
Ischemic heart disease (%) 18974 (5.06%) 
Chronic obstructive pulmonary 
disease (%) 

31119 (8.29%) 

Thyroid disease (%) 1551  (0.41%) 
Valvular heart disease (%) 4203  (1.12%) 
Pulmonary heart disease (%) 205  (0.05%) 
Sleep apnea (%) 14134 (3.77%) 
Renal failure, chronic (%) 3515 (0.94%) 
Cardiomyopathy (%) 350  (0.09%) 
Atrial fibrillation (%) 1326 (0.35%) 
CHADS2- scorea   
0 297499 (79.28%) 
1 49063  (13.07%) 
2 19316  (5.15%) 
3 6052 (1.61%) 
4 2594  (0.69%) 
5 669  ( 0.18%) 
6 50  ( 0.01%) 
a CHADS2- score, please see reference [20]. 

 

Validation of the AF diagnosis 
To validate the diagnostic accuracy, a review of 

medical charts was performed by a physician who 
was blinded in this study. One hundred charts which 
showed the ICD9 code 427.31 or 427.32 and the use of 
medications such as amiodarone, propafenone, di-
goxin, aspirin, clopidogrel, or warfarin (any of which 
might be prescribed to AF patients in out-patient de-
partments or wards) were randomly selected in one 
medical centre and one community teaching hospital 
to see if there was any record of AF either by electro-
cardiogram or 24-hour Holter monitoring. The diag-
nostic accuracy of AF (by ICD9 coding) was found to 
be 98% (100% (50/50) and 96% (48/50) in the medical 
center and community teaching hospital, respectively. 
Patients who had an AF diagnosis by ICD9 code and 
also used the aforementioned medications in the same 
index date were selected for inclusion in the case 
group. Those patients who had an AF diagnosis by 
ICD9 code but had never been medicated (suspected 

AF) were excluded from the study (Figure 1). 

National Health Interview Survey 
The 2005 NHIS in Taiwan was conducted by the 

National Health Research Institutes, National Bureau 
of Controlled Drugs and Bureau of Health Promotion, 
Department of Health, Taiwan[19]. The study sample 
was nationally representative by using a multi-stage 
stratified systematic sampling design. All subjects 
were personally interviewed by well-trained inter-
viewers. The detailed data was then released for pub-
lic use and can be collected from web site: Year 2005 
National Health Interview Survey 
http://olap.bhp.doh.gov.tw/en_US/Search/Search.a
spx?menu=100000000006&KeyWord=betel. The tar-
get population of the original survey was 22,615,307 
individuals whose households were registered in one 
of the 23 counties or cities in Taiwan in the year 
2004-2005. Among the 187 neighbourhoods or villages, 
30,680 persons were sampled (sampling rate 1.35%). A 
total of 24,726 persons completed the survey with a 
response rate of 80.6%. Individuals younger than 18 
years of age (n = 6198), females older than 18 years of 
age (n = 9101), and those living outside of the main 
island of Taiwan (n=302) were excluded from this 
study. The health related behaviors of the total 9,125 
participants were used as exposure variables in our 
study. The particular health related behaviors in-
cluded in our analysis were cigarette smoking, betel 
nut chewing, infrequent vegetable eating, and exer-
cising. The habitual behaviors were identified by 
questionnaire; ”Have you ever smoked cigarettes?”; 
“Do you chew betel quid now?” ; “During the past 2 
weeks, have you ever performed any exercise?” and 
“Do you eat fresh vegetable less than or equal to once 
in a week?”. The information of health related be-
haviors were presented as a percentage of the popu-
lation of one county or city. 

Statistical analysis 
Data were expressed as mean ± standard devia-

tion or percentage. The average rate of health related 
behaviors was computed by the sum of subjects in 
cities/counties multiplied by the rate of correspond-
ing health related behavior in that city/county di-
vided by the numbers of all subjects. The data of 
health related behavior were collected from the NHIS 
by percentage of city/county units, the remaining 
information of the other confounding factors (such as 
diabetes, hypertension) were collected from the 
NHIRD personal data.  

The correlation between AN using rate and 
prevalence of AF in a city/county of Taiwan were 
analyzed by continuous variable or quartiles of dif-
ferent rate/ratio. Spearman`s coefficient and R 
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squared were obtained as indicators of the degree of 
linearity between the two variables. The spatial anal-
ysis software OpenGeoDa 1.0.1 was used for demon-
stration of the geographic relationship between AN 
using rate and prevalence of AF in cities/counties of 
Taiwan. 

Furthermore, we used unconditional logistic re-
gression to analyze the effect of health related behav-
iors on AF risk. Demographic characteristics, health 
related behaviors, and prevalence of disease were 
compared between Non-AF and AF patients. The co-
variates included age, urbanization, rate of cigarette 
smoking, rate of infrequent vegetable eating, rate of 
exercising, presence of diabetes mellitus, hyperten-
sion, congestive heart failure, ischemic stroke, chronic 
obstructive pulmonary disease (COPD), thyroid dis-
ease, valvular heart disease, pulmonary heart disease, 
sleep apnea, chronic renal failure, and cardiomyopa-
thy.  

Three multivariate models were used to explore 
the relationship between AN chewing and the risk of 
AF. Model 1was only adjusted for the demographic 
characteristics and rate of health related behaviors. 
Model 2 was adjusted for the demographic character-
istics, rate of health related behaviors, and the covari-
ates which were not reported to be associated with 
AN chewing previously. Model 3 was adjusted for all 
the covariates. All tests were 2-sided and the level of 
significance was established as P < 0.05. All statistical 
analyses were carried out by using SAS software 
(version 8.0; SAS Institute Inc, Cary, NC). 

Results 
In total, 1,000,000 subjects were in the 2005 

NHIRD. After females, males <18 years of age, and 
subjects who lived in off-shore island were excluded, 
there were 375,243 males in the final analysis (Figure 
1). Of the 375,243 males (mean age, 44 years old), 1326 
(0.35%) had the diagnosis of AF. The average rates of 
health related behaviors including AN chewing, cig-
arette smoking, infrequent vegetable eating, and ex-
ercising according to 2005 NHIS were 14.74%, 43.69%, 
2.07%, and 60.22% respectively (Table 1). The preva-
lence of other medical diseases ranged from 0.05% for 
pulmonary heart disease to 14.8% for hypertension. 
For CHADS2 score[20], the majority of study subjects 
had scores 0-2. 

The relationship between rate of AN chewing in 
a city/county and the prevalence of AF was evaluated 
in Figure 2. The scatter plot of these two showed a 
linear relationship. The Spearman`s correlation coef-
ficient between the rate of AN chewing and the prev-
alence of AF was 0.558, which was significant (p = 

0.007) (correlation coefficient = 0.733, p <0.001, R2 = 
0.538 in Pearson method). 

 

 
Figure 2. Scatter plot of city/county according to rate of AN chewing and 
the prevalence of AF. AF, atrial fibrillation; AN, areca nut. The scatter plot 
of city/country according to rate of AN chewing and the prevalence of AF 
showed a linear relationship (correlation coefficient = 0.733, p <0.001, R2 = 
0.538 in Pearson method) (correlation coefficient = 0.558, p= 0.007, R2 = 
0.538 in Spearman`s method). 

 
The two Taiwan maps were created according to 

the quantile of AN chewing rate and prevalence of AF 
in our dataset respectively. Figure 3 showed the high 
degree of overlap between the rate of AN chewing 
and prevalence of AF in cities/counties by quartile. 

After adjusting for other covariates, we found 
that the AN chewing rate was independently posi-
tively associated with the prevalence of AF (Table 2). 
The adjusted odd ratio (OR) of current AN chewing 
was 1.02 (95% confidence interval (CI) = 1.00-1.04) in 
the risk of AF prevalence in Model 3. Similar results 
were found in Model 1 and 2. Other covariates, in-
cluding age, hypertension, congestive heart failure, 
ischemic stroke, ischemic heart disease, COPD, thy-
roid disease, valvular heart disease, and cardiomyo-
pathy, were all significantly associated with AF in 
Model 3 (Table 2). 

We also analysed the case group as AF diag-
nosed by ICD-9 coding only but not confirmed by 
medication use as previously mentioned (ICD-9 AF) 
with the control group (No ICD9-AF) and the same 
result of significantly association between AN and AF 
was found (OR = 1.02, 95% CI = 1.00-1.04, p = 0.016). 
Furthermore, urbanization was found to be positively 
associated with the prevalence of AF. The adjusted 
OR for urbanization in full adjusted model was 1.29 
(95% CI, 1.10-1.51) in risk of AF prevalence. 
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Table 2. Odds ratio for atrial fibrillation associated with areca nut chewing and other risk factors (model 1, 2, 3). 

 Male 
 AF  

(n=1326) 
Non-AF 
(n=373917) 

 
Crude OR 

Model 1a 
Adjusted OR 

Model 2b 
Adjusted OR 

Model 3c 
Adjusted OR 

 
P valued 

Health related behaviors        
 Areca nut chewing rate (%) 15.84 ± 7.39 % 14.74 ± 6.72% 1.02 (1.02-1.03) 1.02 (1.00-1.03) 1.02 (1.00-1.04) 1.02 (1.00-1.04) 0.016 
 Smoking rate (%) 44.23 ± 4.89 % 43.68 ± 4.84% 1.02 (1.01-1.04) 1.00 (0.98-1.02) 1.00 (0.98-1.02) 1.00 (0.98-1.02) 0.94 
 Infrequent vegetable eating 

(%) 
2.08 ± 0.65 % 2.07 ± 0.59 % 1.03 (0.94-1.13) 0.97 (0.89-1.06) 0.98 (0.90-1.08) 0.99 (0.90-1.08) 0.77 

 Exercise (%) 59.54 ± 5.94 % 60.22 ± 5.66 % 0.98 (0.97-0.99) 1.01 (0.99-1.02) 1.01 (0.99-1.02) 1.00 (0.99-1.02) 0.66 
Age, mean (year old) 69.86 ±12.68 43.84 ±16.62 1.09 (1.08-1.09) 1.09 (1.08-1.09) 1.07 (1.07-1.08) 1.06 (1.05-1.06) <0.001 
Urbanicity (%) 965 (72.8%) 291681(78%) 0.75 (0.67-0.85) 1.25 (1.07-1.45) 1.30 (1.11-1.52) 1.29 (1.10-1.51) 0.001 
Diabetes mellitus (%) 269(20.3%) 25044(6.7%) 3.55 (3.10-4.06)   0.96 (0.83-1.11) 0.61 
Hypertension (%) 816(61.5%) 54734(14.6%) 9.33 (8.35-10.43)   1.72 (1.51-1.95) <0.001 
Congestive heart failure (%) 421(31.8%) 3569(1.0%) 48.27 

(42.80-54.44) 
 7.75 (6.73-8.93) 6.03 (5.23-6.95) <0.001 

Ischemic stroke (%) 222(16.7%) 6324(1.7%) 11.69 
(10.09-13.53) 

  2.23 (1.90-2.62) <0.001 

Ischemic heart disease (%) 599(45.2%) 18375(4.9%) 15.95 
(14.30-17.79) 

  2.47 (2.17-2.81) <0.001 

Chronic obstructive pulmo-
nary disease (%) 

482(36.4%) 30637(8.2%) 6.40 (5.72-7.16)  1.53 (1.34-1.74) 1.36 (1.19-1.54) <0.001 

Thyroid disease (%) 40(3.0%) 1511(0.4%) 7.67 (5.57-10.54)  7.68 
(5.40-10.93) 

7.17 
(5.02-10.24) 

<0.001 

Valvular heart disease (%) 242(18.3%) 3961(1.1%) 20.85 
(18.08-24.05) 

 5.12 (4.38-6.08) 4.29 (3.64-5.05) <0.001 

Pulmonary heart disease (%) 11(0.8%) 194(0.1%) 16.12 (8.76-29.66)  1.21 (0.62-2.39) 1.31 (0.67-2.57) 0.43 
Sleep apnea 140(10.6%) 13994(3.7%) 3.04 (2.55-3.62)  1.05 (0.87-1.27) 0.90 (0.74-1.09) 0.26 
Renal failure, chronic 88(6.6%) 3427(0.9%) 7.69 (6.18-9.57)  1.26 (0.99-1.60) 1.06 (0.84-1.35) 0.61 
Cardiomyopathy (%) 47(3.5%) 303(0.1%) 45.32 

(33.17-61.92) 
 5.55 (3.81-8.09) 5.13 (3.54-7.43) <0.001 

AF, atrial fibrillation; OR, odd ratio; The different covariates were analyzed in different models from Model 1to 3. a age, urbanicity, health behavior (areca nut chewing, smoking, exercise, 

and infrequent vegetable eating); b all covariates in model 1 and heart failure, chronic obstructive pulmonary disease, thyroid disease, vulvular heart disease, pulmonary 
heart disease, sleep apnea, renal failure, and cardiomyopathy; c all covariates in model 2 and diabetes, hypertension, ischemic heart disease, and ischemic stroke. d p valve for model 3. 

 

 
Figure 3. The comparison of AN chewing rate and AF prevalence in Taiwan. AF, atrial fibrillation; AN, areca nut. (A) AN chewing rate in 
city/county in Taiwan. (B) AF prevalence in city/county in Taiwan. The quantile of AN is according to the equal proportions of AN chewing rate in 22 
different cities/counties in Taiwan. The quantile of AF prevalence is according to the proportions of AF prevalence in 22 different cities/counties in Taiwan. 
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Discussion 
The present study mainly found that AN chew-

ing was associated with the increased prevalence of 
AF in Taiwanese men. Other health related behaviors 
such as smoking, exercise, and infrequent vegetable 
eating were not associated with an increased preva-
lence of AF in our study. To our best knowledge, this 
is the first study to demonstrate the association be-
tween rate of AN chewing and prevalence of AF.  

According to the 2005 NHIS dataset and the 2005 
NHIRD, we found a trend that the higher the rate of 
current AN chewing, the higher the prevalence of AF 
in a city/county. The scatter plot and linear regression 
of the city/county according to rate of AN chewing 
and the prevalence of AF showed the linear relation-
ship between these. The two maps of cities/counties 
of Taiwan showed similar distributions between AN 
chewing rate and prevalence of AF in quantile. The 
prevalence of AF in our study was 0.35%. The lower 
prevalence rate of AF maybe due to the relative young 
male population in our study (mean 43.9 year old) 
and this was compatible with previous studies [1, 3]. 
After adjusting the conventional and novel risk fac-
tors of AF, the rate of current AN chewing was still 
significantly associated with prevalence of AF. The 
rates of smoking, infrequent vegetable eating, and 
exercising were not associated with prevalence of AF. 
Urbanization was positively associated with AF, 
which may due to differences in medical care resource 
and socio-economic status between urban and rural 
areas in Taiwan.  

Several previous studies have reported the asso-
ciation between AN chewing and the risk of cardiac 
arrhythmias [11-16, 21], but most of these previous 
studies were case reports or case series. Wyatt first 
reported that betel nut chewing in 28 young male op-
erators resulted in significant increase in pulse rate. 
The most common cardiac arrhythmias related to be-
tel chewing were sinus tachycardia, and premature 
atrial contractions [21]. Chiang et al. then reported one 
sudden death and one paroxysmal supraventricular 
tachycardia case resulting from chewing betel quid 
[16]. Subsequently, Deng et al. reviewed the probable 
or possible betel nut related toxicity cases in 1988-1998 
reported to the Taiwan Poison Control Center. The 
most common manifestations were tachycar-
dia/palpitations, tacypnea/dyspnea, hypotension, 
sweating, dizziness, chest discomfort, coma, acute 
myocardial infarction, and ventricular fibrillation. 
Betel nut chewing can produce significant cholinergic, 
neurological, cardiovascular, and gastrointestinal 
manifestations [14]. In volume 85 of International 
Agency for Research on Cancer (IARC) report, extract 

of Piper Betle inflorescence, a composition of common 
AN chewing regimen induced hypotensive and 
bradycardiac effects in male rats by intra-arterial and 
intrathecal injections. The acute administration of 
extracts of betel inflorescence by different routes 
might activate C-fiber-evoked parasympathetic and 
sympathetic cardiovascular reflexes in rats [13]. 
Dose-dependent atropine-sensitive inhibition of iso-
lated guinea-pig atrial contractility was found by 
Ghayur et al [12]. Most recently, Chou et al. reported 
that Pinang-Wang, a special form of betel nut, in-
duced persisting ST elevation in electrocardiogram 
with normal coronary artery by angiography and re-
fractory ventricular tachycardia/fibrillation in a 50 
years old male. The ventricular arrhythmias were 
refractory to conventional treating algorithm but only 
converted by the intravenous injection of sodium bi-
carbonate. Thus, the constituents of Pinang-Wang 
might possess the property of sodium channel blocker 
[11].  

AF, one of the most common cardiac arrhyth-
mias in the world, is thought to be associated with 
ageing, hypertension, symptomatic heart failure, 
tachycardiomyopathy, valvular heart disease, cardi-
omyopathies, atrial septal defect, coronary artery 
disease, thyroid dysfunction, obesity, COPD, sleep 
apnea, and chronic kidney disease [22]. AN chewing 
has been previously reported to be associated with 
some risk factors of AF. General and central obesity 
were related to AN chewing in Chinese males re-
ported by Lin et al [8]. AN chewing has also been as-
sociated with HTN in Taiwanese patients with type-2 
diabetes [5]. In our previous study, AN chewing was 
independently associated with CAD [10]. Those 
findings, along with ours, suggest that AN might act 
as an independent risk factor for AF or as a mediator 
that modifies the risk of hypertension, obesity, or 
CAD.  

There are several possible mechanisms to ex-
plain the link between AN chewing and AF. AF was 
thought to be related to chronic inflammation and 
increased sympathetic/parasympathetic activity in 
previous studies [23]. AN and the other component of 
regimens of betel nut chewing were associated with 
inflammation by the mechanisms as increasing 
COX-2, reactive oxygen species, superoxide dis-
mutase, NF-κB, tumor necrosis factor-alpha, interleu-
kin (IL)-1 beta, IL-6 and IL-8. Arecoline, the most 
well-known content of the AN, was reported to in-
duce COX-2 up-regulation [24]. Hydroxychavicol, 
another major phenolic compound in the inflo-
rescence, could induce reactive oxygen species pro-
duction via redox cycling [25], increase superoxide 
dismutase activity in mice liver [26]. Ni et al. found 
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that human buccal mucosa cells exposed to AN could 
activate NF-κB expression [27]. The expressions of 
tumor necrosis factor-alpha, interleukin (IL)-1 beta, 
IL-6 and IL-8 were also increased in human peripheral 
blood mononuclear cells after being treated with AN 
extract [28]. AN chewing was previously reported to 
increase sympathetic and parasympathetic activity 
[13, 29]. Ghayur et al.had reported the cardio-selective 
cholinomimetic activity of the betel nut crude extract 
in isolated guinea-pig atrium [12]. The cholinomi-
metic and acetylcholinesterase (AChE) inhibitory 
constituents in betel nut used in rabbit were reported 
by Gilani et al[30]. The increasing consumption of 
betel nut preparation resulted in a reduction in RR 
interval variation in electrocardiogram, particularly 
during deep breathing in human subjects [31].  

 This study had several limitations. First, this is 
an ecological study. The exposure of interest, AN 
chewing, and several other covariates such cigarette 
smoking, infrequent vegetable eating, and exercise 
were not individual information hence the introduc-
tion of confounding bias is likely. Second, since the 
design was cross-sectional, we cannot infer the cau-
sality between AN and AF. Third, the diagnosis of AF 
and other co-morbidities may not always be accurate. 
However, we have attempted to overcome this by 
verifying the diagnoses in one medical center and one 
community teaching hospital.  

Conclusions 
In conclusion, we have shown that rate of cur-

rent AN chewing is independently associated with the 
prevalence of AF in Taiwanese men. The rate of 
smoking, infrequent vegetable eating, and level of 
exercise were not associated with the prevalence of 
AF. Further studies are needed to clarify the dose re-
sponsive relationship between AN chewing and AF 
and the mechanisms behind that correlation. 

Supplementary Material 
Supplementary Table 1 
http://www.medsci.org/v10p0804s1.pdf 
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