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ABSTRACT 
 
Introduction: The association between smokeless tobacco, betel 
nut and Esophageal Squamous Cell Carcinoma is not much re-
searched area. Hence the assessment of individual risk factors as a 
cause of esophageal cancer was done in general population. 

Method: A case-control study was carried out over a period of 3 
years among 690 (230 cases and 460 controls) subjects. All incident 
squamous cell carcinoma cases were recruited at The Tata Memo-
rial Hospital. A structured pretested questionnaire was used to 
collect the data through face-to-face interview of the participants.  

Results: The ever use of pan, betel nut, tobacco chewing, masheri 
application, bidi, cigarette smoking and alcohol consumption were 
having significantly higher odds when the subjects who had never 
consumed these products were taken as referent. The frequency 
(amount consumed per day) and duration of use of all the above 
mentioned entities were also found to be significantly associated 
with ESCC (p<0.01) for all. 

Conclusion: All these proven risk factors are potentially prevent-
able at the primary stage, hence health education regarding the 
hazards need to be incorporated in the school and college syllabus, 
along with strict implementation of Anti tobacco laws. 

Key words: Risk factors, Tobacco chewing, tobacco smoking, betel 
nut, masheri, esophageal cancer. 

 

INTRODUCTION 

In addition to old age related natural death, the 
diseases which kill the person can be categorized 
as communicable diseases and non-communicable 
diseases (NCDs) which includes cardiovascular ac-
cidents, COPD, asthma, diabetes and cancer. Glob-
ally non-communicable diseases (NCDs) kill 38 
million people each year.1 Therefore, it is essential 
to monitor the framework on NCDs globally. Ac-
cording to a study every year, roughly 5.8 million 
Indians die from heart and lung diseases, stroke, 
cancer and diabetes. 2 

In our work, esophageal cancer was taken as one of 
the non-communicable diseases for study. In 2012, 

all over world, there were 14.1 million new cases, 
8.2 million cancer deaths and 32.6 million people 
living with cancer (within 5 years of diagnosis) of 
which 400,000 deaths were due to esophageal can-
cers. While in India there were 1.15 million new 
cases, 0.6 million cancer deaths and 1.8 million 
people living with cancer. Of these 7% deaths were 
due to esophageal cancers.3 

Various addictions have been described as risk fac-
tors for cancer esophagus. Chewing betel nut and 
betel quid, masheri application, bidi and cigarette 
smoking are very common addictions in addition 
to consuming alcohol. Betel quid (pan) is a mixture 
of areca nut, slaked lime (aqueous calcium hydrox-
ide paste), with or without tobacco, condiments 
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with or without sweeteners wrapped in a betel 
leaf. It is chewed and held in the mouth like a quid. 
4 Masheri also called mishri, is made at home by 
roasting tobacco flakes on a hot griddle until it 
turns brown or black. It is applied to gums and 
teeth and retained in the mouth for variable time 
period.5 “Indian bidi” contains only a small 
amount of tobacco dust, rolled in a dried leaf, usu-
ally of the Temburni tree (Diospyros melanoxylon) 
and occasionally of few other varieties depending 
on the region of the country. Bidi tobacco is pre-
pared from sundried Nicotiana tabacum leaves 
which are manually shredded, pounded and 
sieved to obtain flakes of desired size.5 All these 
products are highly addictive containing several 
carcinogens with high proportional premature 
mortality.6 

The present study was undertaken to ascertain and 
quantify the association of various risk factors 
which are exclusively prevalent in India for the oc-
currence of cancer esophagus. Furthermore, poor 
prognosis of esophageal cancer patients (with only 
5–10%, 5-year survival rates) calls for primary pre-
vention as the desired goal. 7 

 

SUBJECTS AND METHOD 

The present study was a hospital based case con-
trol study carried out at Tata Memorial Hospital, 
Parel, Mumbai and Sir J.J. Group of Hospitals, 
Byculla, Mumbai. The study was carried out over 
the period of 2 years from April 1996 to May 1998. 
Sample size was calculated based on relative risk 
(1.7)8, prevalence of exposure (p0= 0.2583)9, Type I 
(0.05) and Type II (0.84) error. The required num-
ber of cases for the study was 197 and the required 
number of controls for the study was 197x2= 394 
for 1:2 cases: control ratio. To minimize the error 
further a total of 230 cases and 460 controls (2 con-
trols/ case) was the final sample size. All cancer 
cases were recruited at The Tata Memorial Centre, 
which is the national comprehensive centre for the 
prevention and treatment of all types of cancer. In 
addition to education and research in Cancer, is 
recognized as one of the leading cancer centers in 
India catering patients from all over India and 
neighboring countries.  

Cases selection was based on histopathologically 
confirmed diagnosis of Esophageal Squamous Cell 
Carcinoma irrespective of their degree and cases 
not having any previous cancer history. Patients 
with adenocarcinoma or any other tumors of the 
oesophagus were excluded. 

 Controls were inpatients free from cancer of any 
organ, admitted for a wide spectrum of acute con-
ditions belonging to the age of 30 years and above, 
hospitalized at Sir J.J. Group of Hospitals during 

the study period. Cases and controls were broadly 
matched for age (+/- 2years). Due clearance was 
obtained from Institutional Ethical Committee and 
Hospital administration. The study participants 
were informed about the purpose and method of 
study. Written consent was obtained from partici-
pating patients. The cases and controls were per-
sonally interviewed by investigator. Measurement 
of exposure was done by taking detailed history of 
cases and controls on the predesigned and pre-
tested questionnaire. Information on age, sex, edu-
cation level, socio-economic status, family history 
of esophageal cancer (first degree relatives), clinic-
pathological symptoms and dietary habits was col-
lected. Details of personal habits that included 
chewing betel quid and betel nut, tobacco, masheri 
application, bidi and cigarette smoking and con-
sumption of alcohol was taken. Those who smoked 
at that time were referred to as current smokers, 
while ex-smokers were those who had stopped 
smoking 2 or more years before the date of diagno-
sis or interview. 

Statistics 

Odds ratio calculations with 95% confidence inter-
val and then Chi square Trend was calculated for 
different groups. P<0.05 was considered statistical-
ly significant. Multiple Logistic Regression Analy-
sis was employed to examine the interactions and 
joint effect of independent risk factors, using the 
computer program MLVTR (Release05/89, 
Educado Franco, N. Campus Filho). Attributable 
Risk Proportion (ARP) and Population Attributable 
Risk Proportions (PARP) with the 95% confidence 
limits was calculated for those risk factors which 
were significant in the final model in the multiple 
logistic regression analysis.10 

 

RESULT 

In this study there are 230 cases and 460 controls. 
The largest proportion of cases are in the 51-60 age 
group, followed by >60 years. The ratio of men to 
women was 1.99:1 for cases and 2.43:1 in controls. 
No significant association was detected with socio-
economic status.  

In Tables 2 (a, b, c): The ever use of pan chewing 
[OR= 1.58, 95% CI =1.14-2.19 ;p=0.01], betel nut 
chewing [OR= 2.67 (1.91-3.73);p0.001], tobacco 
chewing [OR= 1.50, 1.06-2.12);p=0.019], masheri 
application [OR=1.84 (1.20-2.82); p=0.004], bidi 
smoking [OR= 3.19 (2.24-5.53);p=0.0001], cigarette 
smoking [OR = 2.70 (1.78-4.09);p=0.0001] and alco-
hol consumption [OR= 2.95 (2.06-4.22);p= 0.0001] 
were having significantly higher odds when the 
subjects who had never consumed these products 
were taken as referent. 
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Table 1: Distribution of age, sex and socio-
economic status among cases and controls 

Variables Cases (N=230) (%) Controls (N=460) (%) 
Age Group   
≤ 30 3 (1.3) 15 (3.26) 
31-40 26 (11.3) 78 (16.96) 
41-50 59 (25.65) 130 (28.26) 
51-60 75 (32.61) 145 (31.52) 
≥ 60 67 (29.13) 92 (20) 

Sex   
Male 153 (66.52) 326 (70.87) 
Female 77 (33.48) 134 (29.13) 

Socioeconomic status  
Upper 15 (6.52) 52 (11.3) 
Upper Middle 40 (17.39) 73 (15.87) 
Middle 52 (22.61) 125 (27.17) 
Upper Lower 58 (25.22) 108 (23.48) 
Lower 65 (28.26) 104 (22.61) 

 
Table 2(a): Risk Factors (Pan chewing and Betel 
nut) along with the frequency and duration 

Risk  
Factors 

Cases 
(n=230) (%) 

Controls 
(n=460) (%) 

 OR (CI) P value

Family History 
No 216 (93.92) 447 (97.18) Referent 0.037 
Yes 14 (6.09) 13 (2.83) 2.23 (1.03-4.83)  
Pan chewing 
No 155 (67.4) 352 (76.53) Referent 0.01 
Yes 75 (32.61) 108 (23.48) 1.58 (1.14-2.19)  
Intensity 
Never use 127 (55.22) 324 (70.44) Referent <0.001* 
<5 times/day 45 (19.57) 92 (20) 1.25(0.83-1.89)  
5-9 times/day 12 (5.22) 12 (2.61) 2.55(1.12-5.82)  
≥10times/day 18 (7.83) 4 (0.87) 11.48(3.8-34.6)  
Ex-chewer 28 (12.18) 28 (6.09) 2.55(1.46-4.48)  
Duration (in years) 
Never 127 (55.22) 324 (70.44) Referent <0.01* 
≤ 10  22 (9.57) 39 (8.48) 1.43 (0.8-2.51)  
11—20 16 (6.96) 38 (8.27) 1.07(0.58-1.99)  
≥ 21 37 (16.09) 31 (6.74) 3.04(1.81-5.11)  
Ex-Chewers 28 (12.18) 28 (6.09) 2.55(1.46-4.48)  
Betel Nut Chewing 
No 121 (52.61) 344 (74.79) Referent 0.001 
Yes 109 (47.4) 116 (25.22) 2.67(1.91-3.73)  
Intensity 
Never 121 (52.61) 344 (74.79) Referent <0.0001*
1/2 nut/day 26 (11.31) 62 (13.48) 2.31(1.32-4.03)  
1 nut/day 43 (18.7) 62 (13.48) 1.97(1.27-3.06)  
≥ 2 nut/day 40 (17.4) 22 (4.79) 5.20(2.97-9.10)  
Duration (in years) 
Never 121 (52.61) 344 (74.79) Referent  <0.001*
≤ 10  35 (15.22) 49 (10.66) 2.03(1.26-3.48)  
11—20 26 (11.31) 41 (8.92) 1.8 (1.06-3.07)  
21-31 21 (9.14) 15 (3.27) 4.0 (2.0-8.01)  
≥ 31 27 (11.74) 11 (2.4) 7.0 (3.37-14.54)  
*p value for trend 
 

The frequency (amount consumed per day) and 
duration of use of all the above mentioned entities 
were also found to be significantly associated with 
ESCC (p<0.01) for all. 

On unconditional multiple logistic regression 
analysis, ESCC was significantly associated with 
Bidi (OR= 2.604,95%CI.1.701-3.984, p< 0.001 ), Cig-
arette smoking (OR=2.584,95% CI. 1.6-4.167, 
p=0.0001), Mashiri (OR= 1.894,95% CI.1.156-3.106, 
p=0.0113), Alcohol (OR= 2.320, 95% CI. 1.504-3.584, 

p= 0.0001) and lastly Betel nut (OR= 2.646, 95% CI. 
1.805-3.876, p=0.0000). No significant association 
was detected with family history. 

 

Table 2(b): Risk Factors (Tobacco chewing, 
Mashiri application, Bidi and Cigarette smoking) 
along with the frequency and duration 

Risk  
Factors 

Cases 
(n=230)

Controls 
(n=460)

OR (CI) p  
value 

Tobacco chewing  
No 152 (66.09) 343 (74.57)   0.019 
Yes 78 (33.92) 117 (25.44) 1.5(1.06-2.12)  

Intensity per day  
Never 138 (60) 322 (70) Referent  <0.005*
< 5 35 (15.22) 63 (13.7) 1.25(0.79-1.98)  
5-9  23 (10) 39 (8.48) 1.33(0.77-2.31)  
≥10 20 (8.7) 15 (3.27) 3.01(1.50-6.05)  
Ex-chewer 14 (6.09) 21 (4.57) 1.56(0.77-3.16)  

Duration (in years)  
Never 138 (60) 322 (70) Referent  <0.01* 
≤ 10  21 (9.14) 45 (9.79) 1.09(0.63-7.90)  
11—20 12 (5.22) 35 (7.61) 0.80(0.40-1.59)  
21-30 22 (9.57) 28 (6.09) 1.83(1.01-3.31)  
≥31 23 (10) 9 (1.96)    
Ex-chewer 14 (6.09) 21 (4.57) 1.56(0.77-3.16)  

Mashiri Application  
No 184 (80) 405 (88.05)   0.004 
Yes 46 (20) 55 (11.96) 1.84(1.20 -2.82)  

Intensity per day  
Never 184 (80) 405 (88.05) Referent  <0.01 
Once 26 (11.31) 36 (7.83) 1.6(0.94-2.73)  
>Twice 20 (8.7) 19 (4.14) 2.33(1.31-4.14)  

Duration (in years)   
Never 184 (80) 405 (88.05) Referent <0.01* 
≤ 20  17 (7.4) 29 (6.31) 1.31(0.70-2.44)  
21-40 10 (4.35) 9 (1.96) 2.47(0.99-6.18)  
≥41 19 (8.27) 17 (3.7) 2.49(1.26-6.87)  

Bidi Smoking  
No 136 (59.14) 378 (82.18)   0.0001 
Yes 94 (40.87) 82 (17.83) 3.19 (2.24-5.53)  

Intensity per day     
Never 119 (51.74) 349 (75.87) Referent <0.001* 
≤ 10 37 (16.09) 42 (9.14) 2.59(1.59-4.22)  
11-20 29 (12.61) 28 (6.09) 3.06(1.75-5.35)  
≥ 21 28 (12.18) 12 (2.61) 6.85(3.38-13.90)  
Ex-chewer 17 (7.4) 29 (6.31) 1.74(0.92-3.28)  

Duration (in years)  
Never 119 (51.74) 349 (75.87) Referent <0.001* 
≤ 10  19 (8.27) 31 (6.74) 1.79(0.97-3.29)  
11—20 27 (11.74) 25 (5.44) 3.18(1.78-5.69)  
21 –30 23 (10) 16 (3.48) 4.24(2.17-8.29)  
≥ 31 25 (10.87) 10 (2.18) 7.35(4.02-13.43)  
Ex-smoker 17 (7.4) 29 (6.31) 1.74(0.9-3.28)  

Cigarette Smoking  
No 172 (74.79) 409 (88.92)   0.0001 
Yes 58 (25.22) 51 (11.09) 2.70(1.78-4.09)  

Intensity per day     
Never 152 (66.09) 378 (82.18) Referent <0.001* 
˂ 10 36 (15.66) 42 (9.14) 2.15(1.33-3.49)  
11 -20 15 (6.53) 7 (1.53) 5.35(2.14-13.42)  
≥ 21 7 (3.05) 2 (0.44) 8.75(1.80-42.60)  
Ex-smoker 20 (8.7) 31 (6.74) 1.63(0.90-2.95)  

Duration (in years)     
Never 152 (66.09) 378 (82.18) Referent <0.001* 
≤ 10  14 (6.09) 21 (4.57) 1.68(0.83-3.39)  
11—20 12 (5.22) 15 (3.27) 2.0(0.91-4.37)  
21 –30 18 (7.83) 11 (2.4) 4.1(1.89-8.89)  
≥ 31 14 (6.09) 4 (0.87) 8.5(2.75-26.24)  
Ex-smoker 20 (8.7) 31 (6.74) 1.63(0.92-2.95)  

*p value for trend 
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Table 2(c): Risk Factors (Alcohol) along with the 
frequency and duration 

Risk Factors  Cases 
(n=230)(%) 

 Controls 
(n=460)(%) 

 OR (CI) p value

Alcohol   
No 141 (61.31) 379 (82.4)   0.0001 
Yes 89 (38.7) 81 (17.61) 2.95 (2.06-4.22)  

Amount (ml/day)   
Never 114 (49.57) 333 (72.4) Referent <0.001*
≤ 180 29 (12.61) 32 (6.96) 2.68(1.55-4.62)  
180—375 22 (9.57) 21 (4.57) 3.09(1.64-5.83)  
375—750 31 (13.48) 25 (5.44) 3.65 (2.07-6.44)  
≥ 750 7 (3.05) 3 (0.66) 6.85 (1.74-26.9)  
Ex-Drinker  27 (11.74) 46 (10) 1.74 (1.03-2.93)  

Duration (in years)   
Never 114 (49.57) 333 (72.4) Referent  <0.001*
≤ 10  24 (10.44) 32 (6.96) 2.21 (1.25-3.91)  
11—20 33 (14.35) 37 (8.05) 2.62 (1.50-4.39)  
21 –30 15 (6.53) 9 (1.96) 4.91 (2.09-11.53)  
≥ 31 17 (7.4) 3 (0.66) 16.68 (4.80-57.96)  
Ex-Drinker 27 (11.74) 46 (10) 1.74 (1.03-2.93)  

*p value for trend 
 
Table 3: Multiple Logistic Regression Analysis of 
Cancer of Esophagus  

Term P-Value Or Lower Upper 
Hereditary  >0.05 1.898 0.743 4.854 
Bidi Smoking <0.001 2.604* 1.701 3.984  
Cigarette Smoking 0.0001 2.584* 1.600 4.167  
Masheri 0.0113 1.894* 1.156 3.106  
Alcohol 0.0001 2.320* 1.504 3 .584  
Betel Nut <0.001 2.646* 1.805 3.876  
* Significant. # Data has been classified into dichotomous type 
(Yes/No) for multiple logistic regression analysis 
 
Table 4: Attributable Risk Proportions (ARP) & 
Population Attributable Risk Proportion (PARP) 
Of Significant Risk Factors. 

Risk Factors ARP 95% C.I. PARP 95% C.I. 
Bidi Smoking 0.62 0.41 – 0.75 0.23 0.14 –0.30
Cigarette Smoking 0.61 0.37 –0.76 0.15 0.06 –0.26
Masheri 0.47 0.13 –0.68 0.09 0.01 –0.20
Alcohol 0.57 0.33 –0.72 0.19 0.09 –0.33
Betel Nut 0.62 0.45 –0.74 0.29 0.17 –0.42
 
The highest ARP was for betel nut (ARP=0.62) and 
masheri (ARP=0.47) was having the lowest ARP, 
hence, attributing these exposures towards the de-
velopment of cancer of oesophagus, thus confirm-
ing their etiological role. 
 

DISCUSSION 

We found the largest proportion of ESCC cases 
were in the 51-60 age group (32.6%), followed by 
>60 years (29.13%), ESCC was more prevalent in 
patients with low socioeconomic status (28.26%) 
and males (66.52%); approximately two times 
higher than females; family history had no signifi-
cant impact on occurrence of ESCC on uncondi-
tional multiple logistic regression analysis. All the-
se findings were similar to previous stud-
ies.11,12,13,14,15  

Our study showed that the ever use, frequency and 
duration of pan chewing (with or without tobacco), 
betel nut chewing (with or without tobacco), bidi 
smoking, cigarette smoking and alcohol consump-
tion were associated with significantly higher risk 
of ESCC. Similar findings have been reported from 
various Asian and European studies. 7, 15, 16, 17 

Congestion and erosion of the esophageal mucosa 
had been observed among the betel (areca) nut 
chewers, suggesting direct mucosal contact with 
swallowed areca nut juice might have contributed 
to the ESCC. In vitro studies have shown that areca 
nut`s alkaloid – arecoline is a precursor for at least 
four N-nitrosamines and two of which are carcino-
gens.19 Further contamination of areca nuts has al-
so been found by fungi such as Aspergillus flavus, 
A. niger and Rhisopus sp. which can produce car-
cinogenic aflatoxins.18 

In present study betel nut use had the highest 
Odds (OR= 2.646, 95% CI. 1.805-3.876, p<0.0001, as 
Phukan et al too reported betel nut as one of the 
most important risk factor for oesophageal cancer 
in Assam. 8 

Sankaranarayanan-R reported the risk is increasing 
with the rise in duration (> 21 years OR- 1.15, 95% 
CI-0.63-2.10). In our study also, only after a dura-
tion of more than 21 years of pan chewing, was 
significantly higher when the subjects who never 
used it were taken as reference, the Odds ratio 
(OR=3.04; 95% CI=1.81-5.11). This may be because 
of the fact that pan quid is spit out and not swal-
lowed and a long latent period may be necessary 
for the development of cancer of the esophagus. 9 

 We found significant correlation between masheri 
application and occurrence of esophageal cancer 
(OR= 1.894, 95% CI.1.156-3.106, p=0.0113). In the 
Indian context, relevant and supporting human 
studies could not be found. In aqueous extracts of 
black and brown masheri, levels of preformed N-
Nitrosonornicotine (NNN) and N-nitrosoanatabine 
(NAT), benzapyrene and nicotine were higher than 
in tobacco used for their preparation. It is also re-
ported that HCN and phenols have tumor promot-
ing and co-carcinogenic activities, detected in both 
brown and black masheri. 5  

 As regards to smoking, adding filters in cigarettes 
might reduce the amount of carcinogens inhala-
tion. An analysis of tobacco specific nitrosamines 
(TSNA) in cigarette and bidi, tobacco fillers of a fil-
tered cigarette showed minimum amounts of 
NNN, NAT and NNK but the levels were higher in 
non-filtered bidi and cigarette fillers.19 In case of 
alcohol, the metabolic products of ethanol are acet-
aldehyde and free radicals. The free radicals are 
responsible for alcohol associated carcinogenesis 
through their binding to DNA and proteins, which 
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destroy foliate leading to secondary hyper prolif-
eration.20 Additionally, alcohol can act as a solvent, 
helping other harmful chemicals, such as those in 
tobacco smoke, enter the cells lining the upper di-
gestive tract more easily. This explains why the 
combination of smoking and drinking is much 
more likely to cause cancer. 

 

Limitations of study: 

 Due to hospital based study Berksonian bias is in-
herent and thus limits the generalizability of the 
study. The Recall Bias was minimized by taking 
detailed history of the patients about the exposure 
of various risk factors. Also because of the hospi-
talized control group, overall recall bias might 
have been comparable in both the groups. There 
were many potential confounds like cigarette 
smoking, bidi smoking, alcohol consumption etc. 
In this study, the effect of potential confounders 
was partly controlled by frequency matching for 
age. But as the potential numbers of confounders 
was large, mathematical modeling was resorted to 
in the analysis stage. This was done in the form of 
employing Multiple Logistic Regression Analysis.  

 

CONCLUSION 

 The risk factors like betel nut, betel quid, masheri, 
bidi and cigarette smoking and alcohol are all 
found to be associated with esophageal squamous 
cell carcinoma. All these risk factors are excessively 
prevalent in a country like India. A significant re-
duction in the risk among ex- cigarette and bidi 
smokers and ex- alcohol drinkers was also ob-
served. The frequency (amount consumed per day) 
and duration of use of all the above mentioned en-
tities were also found to be significantly associated 
with ESCC. Inspite of knowing or creating aware-
ness about the risk factors over the period of time, 
the disease prevalence is still increasing. 

 

RECOMMENDATION 

All these proven risk factors are potentially pre-
ventable at the primary stage, hence health educa-
tion regarding the hazards need to be incorporated 
in the school and college syllabus (curriculum). For 
the masses, strict implementation of Anti- tobacco 
laws at public places, workplaces and in the com-
munity is necessary and should be embarked upon 
so as to limit the use of noxious substances. Influ-
encing the socio-cultural customs and beliefs re-
garding tobacco in the community is important for 
preventing the initiation of tobacco use. As most 
women consumed masheri, which is available at a 
very low cost, it emphasizes the need of having 

system in place to impose taxes on all tobacco 
products including non- manufactured tobacco.  

Reduced risk was observed amongst ex- smokers 
and drinkers, thus an effective secondary preven-
tion strategy to encourage cessation of the above 
risk behavior can be pursued.  

Most importantly, the success of tobacco cessation 
is determined by combination of the initiatives 
taken by the tobacco users to quit and the support 
system offered by family, community and the 
healthcare professionals. 
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