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Abstract
Objective—Bidis are hand-rolled cigarettes commonly smoked in South Asia and are marketed
to Western populations as a safer alternative to conventional cigarettes. This study examined the
association between bidis and other forms of tobacco use and cancer incidence in an urban
developing country population.

Methods—Using data from the large, well-characterized Mumbai cohort study, adjusted hazard
ratios (HRs) and 95% confidence intervals (CIs) were computed from Cox proportional hazards
regression models in order to compare the relative effect of various forms of tobacco use on cancer
incidence.

Results—During 649,228 person-years of follow-up 1,267 incident cancers occurred in 87,222
male cohort members. Incident oral cancer in bidi smokers (HR = 3.55; 95% CI = 2.40,5.24) was
42% higher than in cigarette smokers (HR = 2.50;95% CI = 1.65,3.78). For all respiratory and
intrathoracic organs combined, the increase was 69% (HR = 5.54; 95% CI = 3.46,8.87 vs. HR =
3.28; 95% CI = 1.99,5.39); for lung and larynx, the increases were 35 and 112%, respectively.
Smokeless tobacco use was associated with cancers of the lip, oral cavity, pharynx, digestive,
respiratory, and intrathoracic organs.

Conclusions—Despite marketing claims to the contrary, we found that smokeless tobacco use
and bidi smoking are at least as harmful as cigarette smoking for all incident cancers and are
associated with increased risk of oral and respiratory/intrathoracic cancers.
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Introduction
Cancer causes more deaths than AIDS, tuberculosis, and malaria combined. One in eight
deaths worldwide is due to cancer. It is the second leading cause of death in economically
developed countries (following cardiovascular diseases) and the third leading cause of death
in developing countries (following cardiovascular and diarrheal diseases) [1-3]. The burden
of cancer is increasing in developing countries as childhood mortality and deaths from
infectious diseases decline and more people live to older ages. Other, as yet undetermined,
factors also may be contributing to apparent increases in incidence [4-7].

Despite their potential for being among the most preventable of chronic diseases, more than
12 million new cancer cases were diagnosed in 2008, of which many more than half
occurred in economically developing countries [8]. The corresponding estimate for total
cancer deaths was 7.6 million (about 20,000 cancer deaths a day), of which 62% occur in
economically developing countries. The global case fatality rate in economically developing
countries (70%) is much higher than rates in developed countries (54%). Largely due to the
emergence of an epidemic of tobacco-related cancers, by 2,050, the global burden is
expected to grow to 27 million new cancer cases, most of which will occur in developing
countries [8].

As a cause of human cancer, tobacco use is uniquely important. In some populations, in
recent decades tobacco has caused about half of all cancer deaths in men, and a smaller, but
increasing, proportion of cancer deaths in women [9]. We have estimated that in this
Mumbai population 41.6% of male and 20.7% of female cancer deaths could be attributed to
their tobacco usage [10].

There is no entirely safe way to use tobacco, regardless of whether it is smoked, chewed,
applied on gums and teeth, or mixed with other ingredients [8, 10]. Among all types of
tobacco use, cigarettes account for the largest share of manufactured tobacco products in the
world (96% of total value of sales). However, other methods of smoking and chewing
tobacco are practiced widely throughout the world, especially in South and Southeast Asia
[11, 12]. Some of these are being exported to the United States and other Western countries
[13, 14]. Unlike most other countries, in India the most common form of smoking tobacco is
in the form of bidis—conical, “home-made cigarettes” consisting of a small amount of (~0.2
g) flaked tobacco hand-wrapped in a dried temburni (Dio-spyros melonoxylon) leaf and tied
with string. Every year, around 750 billion to 1.2 trillion bidis are produced and consumed
in India, accounting for nearly half (~48%) of tobacco consumption and making them, much
more popular than conventional cigarettes (which account for ~14% of tobacco
consumption) [15]. Despite the small amount of tobacco they contain, bidis can deliver more
tar and carbon monoxide than manufactured cigarettes [16, 17] and therefore carry a greater
risk of cancer, cardiovascular, and lung disease [10, 18, 19]. Tobacco cultivation in India
began in the late seventeenth century, [18, 20] and bidis were first created when tobacco
workers took left over tobacco and rolled it in leaves for smoking [18]. Currently, most bidis
are made by women in their homes. India’s Ministry of Labor estimates that over 4 million
people (of which ~10% were children) in India are employed producing bidis [18]. The bidi
industry is loosely regulated, and workers are constantly exposed to tobacco dust and other
harmful particles [20, 21]. A roller can make about 1,000 bidis a day (handle 225–450 g of
tobacco flake per day) and is paid a government-set minimum wage of 40 rupees (~USD $
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1) per 1,000 bidis rolled [15, 20]. Studies have shown that cotinine levels in the bodily fluids
of bidi workers are elevated, even among those who do not use tobacco [21]. Bidis are very
inexpensive in India, costing as little as 4 rupees (~USD $ 0.10) on average for a pack of 25
bidis. Smoking of bidis in India tends to be associated with lower social standing [15].
Without acknowledgment of the potential risk, they are now being marketed in the West
with claims of being a “safer” and “more natural” alternative to cigarettes [22].
Concomitantly, an alarming increase in bidi smoking among youth in the USA has been
reported in several surveys [18, 23-28].

Because of their potential carcinogenic effect and widespread use in South Asia and increase
in marketing in the West, this study was designed to compare and contrast the effect of bidi
smoking and use of smokeless tobacco products (also common in India) on incidence of
various types of cancers through a large, carefully designed and conducted cohort study in
Mumbai, Maharashtra, India.

Materials and methods
Recruitment

Mumbai (formerly Bombay) is a large, densely populated cosmopolitan city. It is divided
into three parts: the main city, suburbs, and extended suburbs. This cohort study was
conducted in the main city of Mumbai. Smoking is extraordinarily rare among Indian
women, [18] including those in the Mumbai cohort study (MCS) [10]. Therefore, this
analysis was restricted only to men, a total of 88,658 of whom aged C35 years were
recruited into the cohort during 1991–1997. The voters’ lists were used as the sampling
frame. These lists provided name, age, sex, and address of all individuals aged ≥18 years
and were grouped in polling stations comprising 1,000–1,500 voters. We excluded polling
stations that served the upper-middle class and upper-class housing complexes (based on
pilot study experiences); as such, complexes were not accessible to us because of security
issues (i.e., they were essentially “gated communities”). To be eligible, subjects had to be
resident of the study area and have no evident cancer at the time of recruitment. Data were
collected using a structured questionnaire administered in face-to-face interviews in the
subject’s home. The study satisfied all the criteria with regard to the ethical treatment of
human subjects, especially those formulated by the Indian Council of Medical Research.
Details regarding the recruitment procedures and survey instrument have been described
earlier [10, 29].

Follow-up
An active house-to-house follow-up was conducted (during 1997–2003) after an average of
5.5 years from administration of the initial survey at the time of recruitment. The field
investigators were instructed to revisit each person. If the person was alive and available, a
face-to-face re-interview was conducted. If the person was reported to have died, the date
and place of death were recorded as accurately as feasible. Permanent migration from the
study area was considered as withdrawal from the study, and the date of migration was
noted. Follow-up details have been described earlier [10, 29-31].

Cancer incidence in the population-based cancer registry Mumbai
Cancer incidence is defined as the occurrence of new cancer cases in a defined population
during a specified time period. For any year, incidence is based on those cancers registered
and first diagnosed between 1 January and 31 December of that year.

The population-based cancer registry (PBCR) of Mumbai was established in June 1963, as a
unit of the Indian Cancer Society situated at Mumbai. It was the first such registry in India.
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Information is obtained on all cancer patients registered in 150 government hospitals/
institutions and private hospitals or nursing homes in Mumbai who are under the care of
specialists (surgeons, physicians, pathologists, radiologists, and gynecologists). Cases under
code ‘0 =’ (benign) or ‘1’ (uncertain whether benign or malignant borderline malignancy) or
‘2’ (carcinoma in situ) are not included. Patients, in whom cancer has been ruled out or has
not been diagnosed, are also omitted. Cancer cases for which the death certificate is the only
source of information, however, are included. The coding system devised by the World
Health Organization using code number C00-97 as published in the manual of the
International Classification of Diseases, Injuries, and Cause of Death (10th revision) is used.

A study published by Yeole [32], using data for years 1964–1997 from seven consecutive
volumes (II to VIII) of Cancer Incidence of Five Continents published by IARC, concluded
that the data collected by PBCR Mumbai meets international standards for completeness and
reliability.

Linking the MCS database with PBCR incidence database
Information on all incident cases aged ≥35 years reported during years 1991–2003 were
abstracted from PBCR database. The most common variables available between the two
databases, MCS and PBCR, that were used to establish the link between two databases, were
Name, Gender, Age, Postal Pincode, Religion, and Mother tongue. During the matching
process, we found that the address of the individual is the key field for identifying and
confirming a match. As the PBCR database did not have an electronically inputted address
field, the project staff of MCS computerized the address field for all of the abstracted
records for years 1991–2003 in PBCR cancer incidence database. Most of the matching was
done manually, as the special record linkage program (Rec-Link) developed by IARC does
not support long text variables such as address that were required to provide reliable and
accurate match. For obtaining reliable matches through the Rec-Link program, the name
field in both databases was split into three fields; first name (individual’s name), middle
name (generally father’s or husband’s name), and last name (surname). Because no specific
order was followed to record the name of an individual in MCS, various combinations of
name fields (3 by 3) between two datasets were used along with a few other common
variables such as age, gender, and Pincode to obtain probable matches. Then, all the
probable matches were manually checked and compared for address fields between two
datasets. Based on the address field, the matches were finally confirmed. We also found a
few exact matches (around 80) outside the MCS area, but within Mumbai, and for those a
10% random check was performed. Their status, i.e., having emigrated outside the study
area but still residing within Mumbai (mostly they were older people staying with their
children or other relatives at different locations in Mumbai), was found to be consistent
during random check. Therefore, they were included in the final analytic dataset.

Thus, all the common matched cases found in either or both of these two databases
constitute the numerator. The denominator was calculated as the number of person-years of
observation up to 31 December 2003, the cutoff date for calculation of person-time of
observation or the date of endpoint ascertainment (defined as the date of expiry, date of
cancer incidence, re-interview, or migration), whichever occurred earlier.

Tobacco use
Respondents were broadly classified as having never used tobacco, or being a current or
former user of smokeless tobacco only, or being a current or former smoker (which also may
include the use of smokeless tobacco products in addition to smoking). Thus, different
categories of tobacco use were mutually exclusive. The proportion of past users was small,
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4.5% (2.8% of smokers and 1.7% of smokeless tobacco users) compared to 69.3% current
users;[29] thus, they were combined with current users.

The most common form of tobacco smoking in India is bidi smoking. In this cohort, bidi
smoking was reported by 11.9% (compared to 9.9% who reported cigarette smoking). Some
men reported bidi as well as cigarette smoking (1.4%); as most were predominantly bidi
smokers, they were combined with bidi smoking. Details of smokeless tobacco use in this
cohort and various tobacco habits prevalent in India are available elsewhere [10, 29-31, 33].

Other covariates
As described in previous work [10, 29-31, 34], additional covariates include body mass
index [BMI = weight(kg)/height(m)2], classified into six categories from extremely thin
(BMI < 16.0 kg/m2) to obese (BMI ≥ 30.0 kg/m2); education (as a proxy for socioeconomic
status), an important predictor of health and tobacco use, was classified as illiterate (no
formal schooling), primary school (up to 5 years of education), middle school (6–8 years),
secondary school (9–12 years), and college (any); age, in 10-year intervals beginning at 35
years (the lowest age of recruitment into the cohort); mother tongue, an indicator of state of
origin because states in India are delineated according to language (and language is
associated with other health-related behaviors, such as diet); and religion (because of its
association with health-related behaviors).

Statistical analysis
Of the total 88,658 recruited men during 1991–1997, 87,222 were available for this analysis.
Person-years of follow-up were calculated by using the date of recruitment through 31
December 2003 or the date of endpoint ascertainment (defined as the date of expiry, date of
cancer incidence, re-interview, or migration), whichever occurred earlier. In instances where
the exact date of death or migration was not available, the midpoint between date of
recruitment and the date of ascertainment was used. For cancer cases obtained from linking
two datasets, the midpoint (30 June) of the year in which a cancer was first diagnosed was
used as the incidence date. Age-adjusted incidence rates were calculated by using the overall
5-year age-specific person-years as weights (i.e., the direct method). Multivariate analysis
was performed by using Cox proportional hazards regression modeling [35]. The response
variable, cancer incidence (case), was a dichotomous variable (“yes” or “no”), and the time
to event (or censoring) was regarded as a continuous variable. Age, education, religion,
mother tongue, tobacco use, and BMI were fitted as independent variables in the final Cox
proportional hazards model [35].

Results
As documented in our previous work, this cohort consists predominantly of individuals of
middle and lower socioeconomic status (SES; Table 1) [10, 29, 30, 34]. There was a high
rate of tobacco use, both in smoking (mainly bidi smoking) as well as in smokeless form.
Total person-years of observations were 649,228. The average period of follow-up to either
event (cancer) or censoring (confirmation of no cancer) was 7.4 years (Tables 1 and 2, Fig.
1). Overall cancer incidence was relatively low compared to European and American
populations, about 195 cases/100,000/year and about 141 cases/100,000/year in never-
tobacco users (Table 2). As would be expected, compared to never-users the rates were
somewhat higher in smokeless tobacco users (180 cases/100,000/year) and much higher in
smokers (270 cases/100,000/year).

Fully adjusted hazard ratios (HRs) along with their 95 percentile confidence intervals (95%
CIs) are presented in Table 2 (for all cancer sites combined) and Table 3 (for various site-
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specific cancers) using never-users as reference group. For all sites combined (Table 2), the
hazard ratios for both bidi and cigarette smokers appear to be elevated and the point estimate
for bidi smokers was about 10% higher than that of cigarette smokers. For lip, oral cavity,
and pharyngeal cancers (Table 3), bidis were associated with an increase in risk of about a
40% over that of cigarettes. The largest increase in risk among these anatomic sites was
observed for cancers of the gum. Although use of tobacco products increased risk over all
cancers of the digestive tract, specific types of use were more weakly associated with
individual anatomic sites. Smoking of both bidis and cigarettes was associated with
increased esophageal and pancreatic cancer incidence, while each type of habit also was
associated individually with increased risk of esophageal cancer. In contrast, cancers of the
respiratory and intrathoracic organs appeared to be greatly elevated (by about 69%) in bidi
smokers relative to cigarette smokers. Laryngeal cancers appeared to be most affected,
followed by bronchus and lung. In addition to smoking, smokeless tobacco use, also, was
found to be associated with lip, oral cavity, and pharyngeal cancers, cancers of digestive
organs (mainly esophagus and liver and intrahepatic bile ducts), and cancers of the
respiratory and intrathoracic organs.

There was a dose–response relationship (Table 2) for frequency (1–5 vs. > 5 per day) and for
duration (≤ 20 vs. > 20 in years) of smoking. Although the proportion of bidi smokers who
smoke more than five bidis per day (83%) was higher than the corresponding proportion in
cigarettes smokers who smoke more than five cigarettes (63%), there was no statistical
difference observed in HRs across various categories of frequency of habit per day. Similar
results also were observed for duration of habits for these two smoking forms.

Discussion
The results of the MCS are not consistent with the claims that smoking bidis is a safer
alternative to smoking cigarette. As we demonstrated, bidi smoking appeared to be atleast as
harmful as cigarette smoking. Furthermore, for certain anatomic sites, the risks were
considerably elevated in both bidi smokers and smokeless tobacco users, and the point
estimate was even higher than observed in cigarette smokers. Most troubling, these are the
very sites which drive cancer rates up in developing countries and among the poor in
developed countries [36-39]. We also found that smokeless tobacco use was associated with
all cancers combined, and cancer of some specific sites. The weakness related to loss of
follow-up is small in relation to the benefit of testing the effect of bidi smoking in a large
cohort, representing individuals using tobacco in many forms, especially bidi. Also, loss to
follow-up was not related to exposure, misclassification was minimal for the primary
exposure, and all data were collected prospectively [10, 30,31, 34].

Bidis and smokeless tobacco products, manufactured in India, Bangladesh, Nepal, Pakistan,
and to a lesser extent in other Asian countries, account for the largest proportion of tobacco
consumption in India; and are exported to several countries [18, 40-43]. According to the
International Labor Organization, in 1997-1998, 1.1 million kg of bidis worth US $ 6.5
million were exported to 36 countries, of which about half were exported to the United Arab
Emirates, followed by the United States, Singapore, Afghanistan, Saudi Arabia and Panama
[41]. There is recent evidence of increases in prevalence of bidi consumption from different
parts of the world, including the United States [13, 14, 18,20, 23-28].

In recent years, multinational cigarette companies have shifted their focus to the huge
market in developing countries, especially vulnerable groups such as youth and women.
Meanwhile, local products, such as bidis from India, kreteks from Indonesia, and herbal
cigarettes from China, are being promoted in developed countries such as the United States.
Some reasons for the increasing popularity of bidis are their availability in different flavors
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that appeal to youth, lower prices than commercially available cigarettes, easy accessibility,
trendy image, and false notions that bidis have fewer or no health risks. Thus, they are seen
as a “cool” and “safe” alternative to regular cigarettes [23-28]. Advertising bidis and other
tobacco products as safe alternatives is particularly concerning. Unlike other tobacco
products in India, bidis have not carried even a minimal text warning, until very recently (31
May 2009).

Bidis differ from cigarettes in a number of ways, including the manner in which they are
smoked. If bidis are not puffed at least twice a minute, they will extinguish on their own
meaning they must be re-lit. This necessitates deeper, more frequent inhalation, which is
harder on the lungs than smoking a conventional cigarette [17]. The average smoker puffs a
cigarette nine times versus puffing a bidi 28 times [33, 42]. Like conventional cigarettes,
bidi smoke contains particulate matter; however, they do not have filters. Bidis may have
higher amounts of chemicals such as phenol (250 vs. 150 μg), hydrogen cyanide (903 vs.
445 μg), benzopyrenes, carbon monoxide (7.7 vs. 3.5 vol%), and ammonia (284 vs. 180 μg)
[17, 33]. Although bidis contain less tobacco than cigarettes (approximately 20% less), the
nicotine content of the tobacco is higher [16,17]. One study revealed that bidis contain 21.2
mg/g of nicotine compared to 16.3 mg/g for commercial cigarettes and 13.5 mg/g for
unfiltered cigarettes [17, 18]. Also, smoke from a bidi can contain 3–5 times as much
nicotine as that from conventional cigarette [18, 25]. Health officials in the West should take
note of these results as there is no reason to believe that they cannot be generalized. Due to
population growth in developing countries and increases in female tobacco use, especially
smoking, global prevalence of smoking and the overall number of tobacco users has been
increasing rapidly [1, 18, 20, 23-28, 33, 42]. In this context, bidis and smokeless tobacco
products should not be viewed as a safer alternative to cigarettes.

These results, the first ever from a longitudinal study on bidi smoking, smokeless tobacco
use, and cancer incidence, add importantly to a base of scientific studies in India that have
confirmed that both bidi smoking and smokeless tobacco use are no less hazardous than
cigarette smoking [10, 30, 43]. The International Agency for Research on Cancer (IARC)
found bidi smoke to be carcinogenic almost two decades ago [44]. IARC recognizes a strong
association between bidi smoking and cancer at various sites in humans, with significant
trends associated with the duration of bidi smoking and number of bidis smoked [45];
similar association was also observed in this cohort.

Cancer affects all communities worldwide, but there are marked differences in the
prevalence and types of cancers among communities. While the total cancer burden remains
highest in affluent societies, less developed economies are closing the gap very rapidly. A
major reason why cancer mortality rates are falling in the United States is that so many
people have quit smoking cigarettes. Along with economic expansion, developing countries
have begun to experience changes in lifestyles similar to those that occurred in advanced
economies over the past couple of generations, and these may result in much higher cancer
rates. Even though much of the focus is on cancers related to affluence, e.g., particularly
cancers of the breast, colon, and prostate, tobacco-related cancers will continue to be a major
driving force [9, 36, 38]. Therefore, our findings regarding bidis have relevance both in
India and in other places to which they are being actively exported, such as the United
States.

Traditionally, tobacco control programs primarily have focused on reducing cigarette
consumption. Effective strategies are now needed to expand the focus of tobacco control
programs to all types of tobacco use, including bidis [9-11, 18, 26-28, 42]. Countries that
adopted comprehensive tobacco control programs with a mix of interventions (including
bans on tobacco advertising, strong warnings on packages, controls on the use of tobacco in
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indoor locations, high taxes on tobacco products, and health education and smoking
cessation programs) have had considerable success in decreasing the prevalence of cigarette
smoking [9, 46]. A similar policy framework with a mix of interventions will have to be
adapted to the local requirements and effectively implemented in India and other Southeast
Asian countries where bidi use is highly prevalent, as well as in countries like the United
States where the bidi market is relatively new and expanding. However, in the United States
bidis are treated like conventional cigarettes and they are taxed at the same rate and are
required to have a tax stamp and carry a surgeon general’s warning [20, 27]. A study
conducted in San Francisco reported that about 4 in 10 packs of bidis did not contain the
required warning labels and 7 in 10 did not carry the tax stamp [20]. However, 2006
statistics on bidi usage shows that 2.9% of high school students in the United States take part
in bidi smoking to 1.4% of adults 18–24 years old [25]. As some bidis are flavored, it is
important to mention that both the United States [47] and Canada [48] have banned flavored
tobacco, except mentholated products. The adoption of comprehensive legislation on
tobacco control by India, The Cigarettes and Other Tobacco Products (Prohibition of
advertisement and regulation of trade, commerce, production, supply and distribution) Act,
2003, is an important step forward in this direction. Strong enforcement of the provisions of
this comprehensive act on the other products in addition to cigarettes, such as bidis and
various smokeless products, is urgently required.
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Fig. 1.
Flow diagram of incident cancers and house-to-house follow-up of the study subjects
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Table 1

Summary of descriptive data, Mumbai cohort study, Mumbai, Maharashtra, India, 1991–2003

Persons (n = 87,222) % (total = 100) Cancer cases (n = 1,267) % (total = 100)

Age (years)

 35–39 8,345 9.6 58 4.6

 40–44 7,010 8.0 89 7.0

 45–49 23,263 26.7 179 14.1

 50–54 14,074 16.1 171 13.5

 55–59 10,608 12.2 189 14.9

 60–64 9,574 11.0 204 16.1

 65–69 6,583 7.5 173 13.7

 70 and Up 7,765 8.9 204 16.1

Education

 Illiterate 14,770 16.9 170 13.4

 Primary 32,983 37.8 573 45.2

 Middle 25,752 29.5 354 27.9

 Secondary 8,162 9.4 98 7.7

 College 5,555 6.4 72 5.7

Religion

 Hindu 67,023 76.8 1,030 81.3

 Muslim 13,943 16.0 82 6.5

 Buddhist 3,705 4.2 87 6.9

 Christian 2,182 2.5 55 4.3

 Others 369 0.4 13 1.0

Mother tongue

 Marathi 48,596 55.7 901 71.1

 Hindi 14,627 16.8 85 6.7

 Gujarati 8,400 9.6 148 11.7

 Urdu 7,648 8.8 37 2.9

 South Indian 7,774 8.9 94 7.4

 Others 177 0.2 2 0.2

BMI (kg/m2)
a

 Normal 54,385 62.4 749 59.1

 Thin 8,004 9.2 141 11.1

 Very thin 3,473 4.0 87 6.9

 Extremely thin 3,760 4.3 75 5.9

 Overweight 15,285 17.5 185 14.6

 Obese 2,315 2.7 30 2.4

Tobacco users

 Never 26,179 30.0 273 21.5

 Smokeless 33,682 38.6 476 37.6

 Smoker 27,361 31.4 518 40.9
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a
BMI body mass index = weight(kg)/height(m)2; BMI categories were defined by as follows (all units kg/m2): extremely thin (BMI < 16.0); very

thin (BMI 16.0–<17.0); thin (BMI 17.0–<18.5); normal (BMI 18.5–<25.0); overweight (BMI 25.0–<30.0); and obese (BMI ≥ 30.0)
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Table 2

Overall cancer incidence, adjusted HRs, and 95% CIs, by tobacco use: Mumbai cohort study, Mumbai,
Maharashtra, India, 1991–2003

Men Person-years Incident cases HRs
a
 (95% CIs)

Never-users 193,661 273 1.0

Smokeless (all) 263,621 476 1.20 (1.03–1.41)

Frequency (per day)
d

 1–5 171,160 318 1.17 (0.99–1.40)

 6–10 70,833 123 1.12 (0.90–1.40)

 11–15 14,607 27 1.34 (0.90–2.01)

 >=16 6,841 8 1.09 (0.77–1.54)

Duration (years)
d

 1–10 32,553 38 0.85 (0.42–1.73)

 11–20 42,721 49 1.08 (0.79–1.48)

 >=21 187,637 387 1.18 (1.00–1.40)

Types of smokeless

 Mishri 32,588 59 1.21(0.91–1.62)

 Mishri plusa 91,913 186 1.18 (0.96–1.46)

 Betelquid 82,297 127 1.10 (0.89–1.36)

 Other tobacco 49,416 89 1.31 (1.02–1.68)

 Areca nut 7,407 15 1.25 (0.74–2.10)

 Smoker (all) 191,946 518 2.00 (1.72–2.32)

Frequency (per day)
d

 1–5 49,592 109 1.61 (1.29–2.02)

 6–10 52,645 159 2.19 (1.80–2.68)

 11–15 29,355 79 1.97 (1.53–2.55)

 >=16 60,322 171 2.11 (1.73–2.57)

Duration (years)
d

 1–10 19,300 27 1.35 (0.91–2.02)

 11–20 39,642 69 1.71 (1.30–2.24)

 >=21 132,930 422 2.11 (1.80–2.47)

Types of smoking

 Bidi
c 106,796 295 2.11 (1.77–2.53)

Frequency (per day)
d

 1–5 17,756 45 1.85 (1.34–2.57)

 6–10 22,699 64 2.11 (1.59–2.81)

 11–15 21,377 55 1.95 (1.44–2.64)

 >=16 44,933 131 2.29 (1.83–2.87)

Duration (years)
d

 1–10 7,758 13 1.60 (1.07–2.39)

Cancer Causes Control. Author manuscript; available in PMC 2013 August 29.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Pednekar et al. Page 15

Men Person-years Incident cases HRs
a
 (95% CIs)

 11–20 18,135 28 1.70 (0.97–2.99)

 >=21 80,846 254 2.23 (1.83–2.70)

 Cigarette 85,150 223 1.92 (1.60–2.29)

Frequency (per day)
d

 1–5 31,836 64 1.50 (1.14–1.97)

 6–10 29,946 95 2.26 (1.79–2.87)

 11–15 7,979 24 2.09 (1.38–3.18)

 >=16 15,389 40 1.76 (1.26–2.46)

Duration (years)
d

 1–10 11,542 14 1.14 (0.66–1.95)

 11–20 21,507 41 1.82 (1.30–2.54)

 >=21 52,084 168 2.00 (1.64–2.43)

a
Hazard ratios (RRs) were adjusted for age, education, religion, mother tongue, and BMI

b
May include mishri plus other smokeless tobacco products

c
May include smokers of both bidis and cigarettes

d
The numbers may not add up to the total due to few missing values
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Table 3

Men cancer site-specific incidence, adjusted HRs, and 95% CIs, by tobacco use: Mumbai cohort study,
Mumbai, Maharashtra, India, 1991–2003

Cancer site
a Never-user Smokeless Smoker Bidi

b Cigarette

All cancer sites n 273 476 518 295 223

HR (95% CI) 1.0 1.20 (1.03–1.41) 2.00 (1.72–2.32) 2.11 (1.77–2.53) 1.92 (1.60–2.29)

Lip, oral cavity
and pharynx
(C00–14)

n 44 107 136 89 47

HR (95% CI) 1.0 1.48 (1.03,2.13) 3.03 (2.14,4.29) 3.55 (2.40,5.24) 2.50 (1.65,3.78)

Tongue
(C01, 02)

n 14 19 32 18 14

HR (95% CI) 1.0 0.85 (0.42,1.74) 2.34 (1.23,4.45) 1.92 (0.91,4.05) 2.41 (1.14,5.08)

Gum
(C03)

n 3 11 12 10 2

HR (95% CI) 1.0 2.05 (0.55,7.64) 3.94 (1.09,14.26) 6.46 (1.64,25.40) 1.52 (0.25,9.18)

Mouth
(C04,5,6)

n 15 22 22 17 5

HR (95% CI) 1.0 0.78 (0.40,1.54) 1.27 (0.65,2.50) 1.79 (0.84,3.82) 0.67 (0.24,1.85)

Pyriform sinus
(C12)

n 8 24 25 16 9

HR (95% CI) 1.0 1.97 (0.85,4.58) 2.96 (1.31,6.68) 2.97 (1.20,7.36) 3.06 (1.16,8.05)

Digestive organs
(C15–26)

n 76 159 121 61 60

HR (95% CI) 1.0 1.43 (1.07,1.90) 1.70 (1.27,2.28) 1.55 (1.07,2.23) 1.83 (1.30,2.58)

Esophagus
(C15)

n 7 36 40 22 18

HR (95% CI) 1.0 3.65 (1.59,8.38) 5.75 (2.54,12.98) 5.46 (2.23,13.58) 5.72 (2.38,13.76)

Stomach
(C16)

n 16 31 20 9 11

HR (95% CI) 1.0 1.28 (0.67,2.43) 1.21 (0.62,2.37) 0.98 (0.41,2.33) 1.51 (0.69,3.29)

Colon
(C18)

n 12 20 14 8 6

HR (95% CI) 1.0 1.22 (0.57,2.61) 1.33 (0.60,2.94) 1.24 (0.47,3.30) 1.14 (0.42,3.07)

Rectum
(C20)

n 18 13 6 2 4

HR (95% CI) 1.0 0.48 (0.22,1.02) 0.40 (0.15,1.01) 0.24 (0.05,1.11) 0.57 (0.19,1.70)

Liver and intrahepatic
bile ducts
(C22)

n 9 31 16 9 7

HR (95% CI) 1.0 2.35 (1.08,5.10) 2.00 (0.87,4.61) 2.43 (0.88,6.72) 1.96 (0.72,5.31)

Pancreas
(C25)

n 5 15 17 7 10

HR (95% CI) 1.0 1.95 (0.68,5.54) 3.86 (1.40,10.66) 2.92 (0.85,10.02) 4.66 (1.58,13.71)

Respiratory and intrathoracic
organs
(C30–39)

n 27 64 114 76 38

HR (95% CI) 1.0 1.71 (1.08,2.73) 4.30 (2.80,6.60) 5.54 (3.46,8.87) 3.28 (1.99,5.39)

Larynx
(C32)

n 9 26 40 28 12

HR (95% CI) 1.0 1.86 (0.85,4.06) 4.33 (2.07,9.05) 6.10 (2.72,13.69) 2.87 (1.21,6.85)

Bronchus and lung
(C34)

n 17 34 65 41 24

HR (95% CI) 1.0 1.59 (0.87,2.90) 4.05 (2.35,7.00) 4.69 (2.56,8.59) 3.48 (1.86,6.52)

Male genital organ
(C60–63)

n 33 26 24 11 13

HR (95% CI) 1.0 0.71 (0.41,1.23) 0.96 (0.56,1.65) 0.77 (0.38,1.59) 1.16 (0.60,2.23)

Prostate
(C61)

n 30 20 20 9 11

HR (95% CI) 1.0 0.63 (0.35,1.15) 0.91 (0.51,1.63) 0.73 (0.33,1.61) 1.13 (0.56,2.27)

Urinary tract
(C64–68)

n 15 23 27 14 13

HR (95% CI) 1.0 1.17 (0.59,2.31) 1.99 (1.04,3.81) 1.79 (0.81,3.94) 2.05 (0.96,4.35)
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Cancer site
a Never-user Smokeless Smoker Bidi

b Cigarette

Bladder
(C67)

n 10 15 20 9 11

HR (95% CI) 1.0 1.19 (0.52,2.76) 2.16 (0.98,4.73) 1.62 (0.61,4.25) 2.78 (1.16,6.64)

Ill-defined, secondary
and unspecified sites
(C76–80)

n 15 23 31 19 12

HR (95% CI) 1.0 1.13 (0.57,2.23) 2.10 (1.12,3.96) 2.72 (1.30,5.71) 1.83 (0.85,3.93)

Unspecified site
C80

n 11 17 29 17 12

HR (95% CI) 1.0 1.12 (0.51,2.48) 2.65 (1.30,5.41) 3.17 (1.39,7.25) 2.50 (1.09,5.70)

Lymphoid, haematopoietic
and related tissue
(C81–96)

n 40 44 37 14 23

HR (95% CI) 1.0 0.75 (0.48,1.18) 1.06 (0.67,1.67) 0.77 (0.40,1.47) 1.33 (0.79,2.22)

Non-Hodgkin’s (C83,85) n 12 22 18 6 12

HR (95% CI) 1.0 1.33 (0.64,2.76) 1.84 (0.87,3.86) 1.12 (0.39,3.16) 2.41 (1.08,5.41)

All others n 22 26 25 9 16

HR (95% CI) 1.0 0.94 (0.51,1.71) 1.27 (0.70,2.30) 0.97 (0.42,2.24) 1.84 (0.96,3.54)

Other skin (C44) n 1 2 9 5 4

HR (95% CI) 1.0 1.85 (0.16,21.53) 10.12 (1.24,82.95) 9.90 (1.03,95.57) 12.38 (1.36,112.71)

Hazard ratios (HRs) were adjusted for age, education, religion, mother tongue, and BMI; also shown is the 95% confidence interval of the HR
obtained by fitting cox proportional hazards model

a
Name of the anatomic cancer site along with ICD code number

b
May include smokers of both bidis and cigarettes
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