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Studies in Oral Leukoplakias
Prevalence of Leukoplakia among 10000 Persons in Lucknow, India,

with Special Reference to Use of Tobacco and Betel Nut*

J. J. PINDBORG,1 JOYCE KILER,2 P. C. GUPTA 3 & T. N. CHAWLA 4

Oral carcinoma has been shown to be correlated with the use of tobacco in various
parts ofIndia. In a large-scale dental survey conducted in Lucknow, Bombay andBangalore
various precancerous conditions were investigated and studiedfor their possible relation to
smoking and chewing habits. This paper reports the prevalence of oral leukoplakia among
10 000 dental-clinic patients in Lucknow and the correlation of the condition with the use of
tobacco and betel nut in the study population.

The results show that leukoplakia is far more prevalent among users of tobacco, betel
nut or both than among non-users. A strikingly high frequency was found among smokers
of the local cigarette, the bidi.

INTRODUCTION

Studies of the incidence of oral leukoplakia, or
even of its prevalence, are rare. Nor is the etiology
of the condition well defined-leukoplakia is said to
be associated with various factors such as poor diet,
poor oral hygiene, local irritants such as caries,
sharp teeth, etc., alcohol and tobacco. The disease
is presumed by most investigators to be a precan-
cerous condition. As such, its correlation with the
use of tobacco is of particular interest in India where
the prevalence and localization of oral cancer have
already been shown to be correlated with the use
of tobacco (Orr, 1933; Sanghvi et al., 1955; Shanta
& Krishnamurthi, 1959; Wahi et al., 1965; Hiraya-
ma, 1966).
One of the few studies of the prevalence of leuko-

plakia is from Hungary, where Bruszt (1962) found
a prevalence of 3.6% among 5613 persons over
14 years of age in 7 rural districts. Among men the
prevalence was 7 %, among women 0.27 %. The
frequency increased with age, and all patients with
leukoplakia were reported to be smokers.
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The prevalence of leukoplakia in a population
accustomed to betel-nut chewing is available for
Guam, where Gerry et al. (1952) found leukoplakias
among 0.2% of 2004 inhabitants, 41% of whom
were betel-nut chewers.

In India Mehta et al. (1961) examined 4734 men
of the Bombay police and found 3.48% with oral
leukoplakia; 76.5% of the men examined chewed
pan, smoked bidi cigarettes or had both these habits.
The prevalence of leukoplakia was higher among
tobacco users (4.5 %) than among non-users (0.09 Y.)
and, among those who used tobacco, higher among
those who used both forms of tobacco (7.1 %) than
among those who either chewed pan (4.2%) or
smoked bidi (3.7%). Recently Mangi et al. (1965)
published a preliminary report on the epidemiology
of leukoplakia among dental out-patients in Madhya
Pradesh. Of 2004 persons aged 20 years or more
who were examined, 6.5% were found to have
leukoplakia. One-third of the study population
had a positive history of tobacco chewing or smok-
ing or betel-nut chewing. All of the leukoplakia
patients were found among this group.

In 1963 and 1964 a series of studies was begun in
Lucknow, Bombay and Bangalore to outline the
prevalence of various oral conditions among large
groups of the population. In the first instance large
numbers of dental-clinic patients were subjected to
a special investigation, including examination for
oral leukoplakia. Moreover, all patients examined
were questioned as to their smoking and chewing
habits. Preliminary reports of the prevalences of
leukoplakia found have been presented elsewhere
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(Pindborg, Chawla et al., 1965; Pindborg, Kalapessi
et al., 1965; Pindborg et al., 1966). This paper
reports the correlation of the frequency of leuko-
plakia in Lucknow with the smoking and chewing
habits of the study population and illustrates,
incidentally, the many forms of oral stimulants and
irritants used in this region of India.

MATERIAL AND METHODS

During 121 consecutive days from October 1963
to February 1964, 10 000 consecutively arriving
patients were examined at the Admission Clinic of
the Dental College, King George's Medical College
in Lucknow, Uttar Pradesh, India. The patients
were first interviewed for personal data, including
details of tobacco use, and then admitted to the
oral examination. Each patient was examined by
electric light. The oral cavity was screened by means

of two mouth mirrors, and the presence and location
of leukoplakia noted.

Leukoplakia was defined as any well-defined,
elevated white patch of 5 mm or more in diameter
that could not be scraped off and could not be attri-
buted to the presence of other disease. Thirty-nine
of the leukoplakias found were subjected to further
investigation, including clinical photography and
biopsy; for details see Pindborg et al. (1964).

RESULTS

Prevalence of leukoplakia
Of the 10000 patients screened, 328, or 3.28%,

were found to have oral leukoplakia. The sex and
age distribution of the 328 patients is given in Table 1.
Unfortunately, the sex and age distribution of the
entire study population is not available. The College
records show that roughly 65% of the clinic patients
are males, and the clinic is open to and used by all

age-groups, including children. The leukoplakia

DISTRIBUTION

patients ranged in age from 18 to 73 years; 92%
were men.

Of the 328 patients with leukoplakia, 130 had
more than 1 lesion; the total number of lesions
found was 509.

Correlation of leukoplakia with smoking and chewing
habits
Of the 10000 persons examined, 33% reported

using tobacco in some form, chewing pan, or both.
The sex and age distribution of these 3301 persons

is given in Table 2; 80% of this group were males.
When the frequency of leukoplakia is calculated

for those with and for those without smoking and
chewing habits, a striking difference is found:
leukoplakia was observed in 9.9% of those with
these habits, in 0.03% of those without.

Thirty-eight different habittal ways of using
tobacco, betel nut or both were reported. These are

tabulated in Appendix Table 1, where the frequency
ofleukoplakia found among the patients ineach group
is also given. (Full descriptions of the various habits
are given as footnotes to Appendix Table 1.)

Three-quarters of the patients who reported
smoking or chewing indulged in 1 habit only (they
either smoked bidis, or smoked cigarettes, or chewed
pan, etc.); only one-quarter had 2 or more habits.
The group of persons who indulged in only 1 smoking
habit accounted for half of the leukoplakia patients
in the study (see Table 3). The frequency of leuko-
plakia among smokers was higher than the frequency
among chewers; the difference was statistically
significant at the 1% probability level. The per-

centage of leukoplakia found among persons with
multiple habits was significantly higher than that
found among those who had one single chewing habit.
An explanation of the findings of Table 3 is to be

found in a study of the frequency of leukoplakia
among bidi smokers (Table 4). In our material,

TABLE I

OF 328 PATIENTS WITH ORAL LEUKOPLAKIA ACCORDING
TO SEX AND AGE

Age-group (years)

15-19 | 20-29 | 30-39 40-49 50-59 60-9 70-79 Total

Male 3 38 67 94 63 30 6 301

Female 0 2 6 12 4 3 0 27

Total [ 3 40 73 106 67 33 6 328
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TABLE 2
DISTRIBUTION OF 3301 PERSONS ADMITTED TO THE DENTAL COLLEGE, LUCKNOW,

AND REPORTED TO BE USERS OF TOBACCO, BETEL NUT OR BOTH,
ACCORDING TO SEX AND AGE

Age-group (years)
Sex 0-19 [ 20-29 30-39 T 4049 50-59 |60-69 70-79 >80 [ Total

Male 67 637 654 621 394 216 51 8 2648

Female 15 113 151 205 112 49 6 2 653

Total [82 750 805 { 826 506 265 | 57 10 t3301

TABLE 3
DISTRIBUTION OF STUDY POPULATION ACCORDING TO SMOKING AND CHEWING

HABITS AND ORAL LEUKOPLAKIA

Patients with PercentageNumber leukoplakia of total
Smoking and chewing habits of in group leukoplakia

patients No. %
patients

One single smoking habit 1 341 167 12.5 50.9

One single chewing habit 1 140 54 4.7 16.5

Multiple smoking or chewing habits 820 105 12.8 32.0

No use of tobacco or betel nut 6 699 2 0.03 0.6

Total 10000 - 328 [ - 100.0

TABLE 4

DISTRIBUTION OF STUDY POPULATION ACCORDING TO USE OF BIDI-CIGARETTES
AND ORAL LEUKOPLAKIA

Patients with PercentageNumber leukoplakia of total
Smoking and chewing habits of in group leukoplakia

patients No. %
patients

Bidi smoking alone 889 143 16.1 43.6

Bidi smoking in combination with other smoking
or chewing habits or both 531 82 15.4 25.0

Smoking or chewing habits other than bidi
smoking 1 881 101 5.4 30.8

No use of tobacco or betel nut 6 699 2 0.03 0.6

Total 10000 328 - 100.0
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69% of the leukoplakia patients were found among
the bidi smokers. The frequency of leukoplakia
among bidi smokers, whether they smoked bidi
alone or used it in combination with other forms of
tobacco, betel nut or both, was significantly higher
(at the 1 % probability level) than the frequency of
leukoplakia among persons who used tobacco
and/or betel nut exclusive of bidi. The highest percen-
tage of leukoplakia patients in any one group was
that found among single-habit bidi smokers-
namely, 16.1 %. The lowest percentage-3.3 %/-was
that found in the group of 181 patients who chewed
pan not containing tobacco-i.e., the only group of
smokers or chewers who did not use tobacco in
some form.

Localization of lesions
Table 5 gives information as to the localization

of the 509 leukoplakia lesions found; 88% of the
lesions were found in the labial commissures or the
buccal mucosa. Twenty-two lesions were found in
the lower lip, 1 in the upper, and 17 in the alveolar
ridge.
The localization of lesions is tabulated together

with smoking and chewing habits in Appendix

TABLE 5
LOCATION OF LESIONS IN 328 ORAL

LEUKOPLAKIA PATIENTS

Location of lesion [ Number [ %

Labial commissure a

Right 126
47.1

Left 114

Buccal mucosa (cheek)

Right 103
40.9

Left 105

Lip

Upper 1
4.5

Lower 22

Alveolar ridge 17 3.3

Tongue 14 2.8

Gingiva 5 1.0

Palate 2 0.4

Total 509 100.0

a The labial commissure is defined as an area of 1 cm2
extending from the corner of the mouth into the buccal mucosa.

Table 2. A majority of the lesions among single-
habit smokers as well as among bidi smokers were
found in the labial commissures. The next most
common lesion site among the3e patients was the
buccal mucosa. Among those who practised one
single chewing habit, there were twice as many
lesions in the buccal mucosa as in the labial com-
missures. The 4 lesions among non-users of tobacco
or betel nut were found in the commissures (2) and
in the cheek (2).

Symmetrical lesions were found in 115 of the
328 patients. Among these patients, 64 of the paired
lesions were found in the labial commissures and
28 in the buccal mucosa. In 13 patients there were
bilateral lesions in the commissures as well as the
buccal mucosa.

DISCUSSION

The material of the present investigation is a
selected one: the study population comprised a
patient group seeking admittance to a dental clinic
because of some dental ailment. It should be empha-
sized, however, that the patients attended for dental
care, not for oral complaints; no patient came
because of a leukoplakia lesion. Nevertheless, this
population structure unavoidably involves an age
and sex selection and a certain bias towards factors
causing persons to seek dental care at all. On the
other hand, the Lucknow Dental College is the only
dental college in the State of Uttar Pradesh, and
private dental care is rare and costly, so the socio-
economic status of the patient group is probably
representative of all but the very wealthiest. The
study population is a large group, 10 000 persons,
and it is the feeling of the persons conducting the
study that it represented the general population in
the Lucknow area fairly well.
The over-all prevalence of leukoplakia found

among the 10 000 persons examined was 3.3 %.
Results from similar studies conducted among
dental-clinic patients in Bombay and Bangalore
gave percentages of 1.6% (Bangalore) and 2.8%
(Bombay); thus the prevalence was slightly higher in
Lucknow. Mangi et al. (1965) found a prevalence of
6.5% among dental out-patients in Madhya Pra-
desh. Curiously enough, our figure of 3.3% is very
close to the 3.5% prevalence Mehta et al. (1961)
found among Bombay policemen. The Bombay-
police study material comprised only adult males,
76% of whom were bidi smokers or pan chewers,
while the present study material includes a popula-
tion of both sexes and all age-groups, only 33% of
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whom used tobacco, betel-nut or both. One would
suppose that the present material would have
yielded a much lower figure, of the order of 1.5 %,
or that the Bombay-police material would have
shown a higher frequency. Our results confirm the
finding by Mehta et al. of a higher prevalence of
leukoplakia among tobacco users, but show a differ-
ent correlation of the frequency of the condition with
various specific habits and combinations of habits.
The most striking finding of this study is the distri-

bution of leukoplakia patients among tobacco (or
betel-nut) users and non-users: 99.4% of the leuko-
plakias were found in persons who practised some
form of smoking, chewing or both, only 0.6% among
those who did not. This is the more striking in that
a relatively small proportion of the study popula-
tion, roughly one-third, was reported to use tobacco,
betel nut or both. If there are other equally impor-
tant factors predisposing to oral leukoplakia in India,
it seems likely that their causative influence would
have produced leukoplakia in more than 2 of the
6699 persons not habituated to tobacco or betel nut.
The localization of the lesions found emphasizes

the association of leukoplakia and tobacco use:
the great majority of lesions were found in the labial
commissures and buccal mucosa. It is characteristic
that the buccal-mucosa leukoplakias seen in tobacco
chewers were located in the lower part of the cheek,
probably owing to the fact that the quid is habitually
kept in the lower buccal groove. It is surprising that
the gingiva, an area exposed directly to tobacco
smoke, was only very rarely affected by leukoplakia.
No leukoplakia at all was observed in the floor of the
mouth in this study. It is of interest to note, in
connexion with these findings, that Wahi et al. (1965)
found the buccal mucosa (so defined as to include the
labial commissures) the preferred site of oral car-
cinoma in Uttar Pradesh.

It is difficult to comment upon the proportion of
smokers and chewers in the study population
(33 %), as the age and sex distribution of the popula-
tion is not available. In a general health survey in a
rural area of Uttar Pradesh (near Lucknow) conduc-
ted in 1961, 20% of the general population were
reported to smoke or chew tobacco (Bagchi & Prasad,
1961). The habits reported in the present study
reflect a considerable variety of ways of using tobacco
and betel nut.

Another interesting result of the study is the large
proportion of leukoplakias found among bidi
smokers. Nearly 70 % of all cases were found among
this group. If it can be assumed that the bidi smokers
and those not smoking bidi are comparable in other
respects, this finding would seem to indicate a
correlation between bidi smoking and the prevalence
of leukoplakia. The possibility cannot be excluded
that bidi smoking may predispose toward dental
ailments, such as inflammation of the gingiva, in
which case the proportion of bidi smokers in the
study population would be larger than in the general
population. Even so, the numbers of persons using
bidi and of those using tobacco, betel nut or both
but not bidi in the study are of the same order and
there are 3 times as many cases of leukoplakia
among the bidi smokers as among those not
smoking bidi. If indeed there should be an over-
proportion of bidi smokers in the study population
then our general prevalence figures may be accord-
ingly higher, but the association between bidi
smoking and the frequency of leukoplakia remains
unchanged.
Two assumptions prevail in the literature on

leukoplakia-first, that the condition is precancerous
and secondly, that its prevalence (like that of oral
carcinoma) is correlated with tobacco habits. The
latter assumption appears to receive further con-
firmation from the association between tobacco
use and leukoplakia, and possibly between bidi
smoking and leukoplakia, observed in this study.
It would seem useful to test both these assumptions
in controlled epidemiological studies. A long-term
controlled follow-up of leukoplakia patients for
possible malignant changes should establish more
clearly the nature of the condition. One such study
is under way in Trivandrum, where submucous
fibrosis patient and control groups are being exam-
ined at appropriately short intervals to observe the
sequence and clinical nature of the eventual develop-
ment of submucous fibrosis, leukoplakia and carci-
noma.

If these assumptions prove correct, an assessment
of the prevalence of leukoplakia in the general
population will be of critical importance in early
cancer-detection campaigns, and research on the
individual effects of the various irritants a useful tool
in health-education programmes.
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RtSUMt

D'octobre 1963 a fevrier 1964, on a recherche la pre-
valence de la leucoplasie buccale chez 10000 patients
admis a la consultation d'un service dentaire a Lucknow,
Uttar Pradesh, Inde. Chacun d'eux a en outre 6te interrog6
sur ses habitudes en matiere de consommation de tabac
i fumer ou a macher et d'usage de bdtel.

Trente-trois pour cent des personnes interrog6es ont
admis qu'elles faisaient usage de l'un ou I'autre de ces
produits, ou des deux, et 38 mani&res diff6rentes de les
utiliser ont ete denombrees. Au total, 328 cas (3,28 %) de
leucoplasie buccale ont ete observes. Parmi les consom-
mateurs de tabac ou de betel, la proportion des leuco-

plasies buccales atteignait 9,9 %, le chiffre correspondant,
chez les non-consommateurs, n'6tant que de 0,03 %. On
notait une tr&s forte majorit6 de sujets de sexe masculin
parmi les consommateurs de tabac ou de betel (80%)
ainsi que parmi les patients atteints de leucoplasie (92 %).
Les lesions etaient, dans 88% des cas, localis6es aux com-
missures labiales et it la muqueuse buccale.

L'enqu8te a montr6 par ailleurs la fr6quence de l'af-
fection parmi les fumeurs de bidis (cigarettes bon marche
a base de tabac indigbne); 69 O/% des cas ont ete observes
chez les personnes de ce groupe, que leur habitude ait et
ou non exclusive.
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APPENDIX TABLE 1. SMOKING AND CHEWING HABITS OF 3301 PERSONS, WITH DISTRIBUTION OF
LEUKOPLAKIA PATIENTS ACCORDING TO HABIT

Patients

Habit Total Without With leukoplakia
number leukoplakia Number %

Bidia smoking alone 889 746 143 16.1
Bidi+ chewing tobacco 31 29 2
Bidi+ chewing tobacco + chilum b 2 2
Bidi+ chewing tobacto + hooka c 9 9
Bidi + chewing tobacco + pan d with tobacco 15 13 2
Bidi + chewing tobacco + pan with tobacco

+ cigarette 2 2
Bidi + chewing tobacco + pan without tobacco 1 1
Bidi+ cigarette 29 20 9
Bidi + cigarette + pan with tobacco 6 4 2 15.4
Bidi + cigarette + pan without tobacco 3 3
Bidi + chilum 34 27 7
Bidi + chilum + pan with tobacco 3 2 1
Bidi+ hooka 113 105 8
Bidi+ pan with tobacco 176 137 39
Bidi + pan with tobacco + hooka 28 25 3
Bidi + pan without tobacco 73 64 9
Bidi + pan without tobacco + hooka 6 6

Chewing tobacco alone 206 191 15 7.3
Chewing tobacco + cigarette 6 4 2
Chewing tobacco + cigarette + pan with tobacco 6 6
Chewing tobacco + chilum 7 6 1
Chewing tobacco + hooka 19 17 2 8.4
Chewing tobacco + pan with tobacco 76 71 5
Chewing tobacco + pan with tobacco + hooka 4 4
Chewing tobacco + pan without tobacco 1 1

Cigarette smoking alone 332 313 19 5.7
Cigarette + hooka 2 2
Cigarette + pan with tobacco 74 67 7 8.3
Cigarette + pan without tobacco 66 62 4
Cigarette + pan without tobacco + hooka 2 1 1

Chilum smoking alone 19 18 1 (5.3)
Hooka smoking alone 101 97 4 4.0

Hooka + pan without tobacco I I

Chewing pan with tobacco alone 594 569 25 4.2
Pan with tobacco + hooka 24 23 1
Pan with tobacco + pan without tobacco 1 1

Chewing pan without tobacco alone 181 175 6 3.3

Occasional pan chewing e 159 151 8 5.0

Total 3301 | 2975 326

a A bidi is an Indian form of cheap cigarette. It is made by rolling between the flngers a rectangular dried piece of tendu leaf
(the leaf of the temburni tree, Diospyros melanoxylon) with 0.30 g-0.36 g of Saurashtra tobacco (from the State of Gujarat) or Nipani
tobacco (from the State of Mysore) and securing the roll with thread. The length of a bidi varies from 4 cm to 7.5 cm.

b A chilum is a conical clay pipe, usually about 10cm long. The narrow lower end is put to the mouth, sometimes wrapped with
a small piece of wet cloth which acts as a fllter. A pebble is inserted In the neck of the pipe to prevent the tobacco from dropping
down (Khanolkar, 1959).

c In a hooka (an Indian pipe) the tobacco smoke is filtered through water kept in a special receptacle and sometimes containing
aromatic substances (Khanolkar, 1959).

d Pan is a preparation of betel leaf, betel nut (raw or cured), slaked lime and catachu. It may or may not be combined with
tobacco. The bolus formed by chewing the preparation is either spat out, swallowed or kept in the mouth for hours, sometimes
even during sleep. There are differences in the variety of betel nut, tobacco and lime used in different regions of India.

6 An occasional pan chewer was defined as anyone who took pan at least once but no more than 4 times a week.
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APPENDIX TABLE 2
DISTRIBUTION OF 509 LEUKOPLAKIA LESIONS ACCORDING TO LOCATION OF LESION

AND SMOKING OR CHEWING HABITS

Number of smoking or chewing habits Nature of smoking or chewing

Location of lesion or chein Smoking or
Lcationofnumber One single One single Multiple Bidi chewing habitsNone smoking habit chewing habit habits smoking a other than

id

Labial commissure b

Right 126 1 72 9 44 101 24

Left 114 1 59 10 44 88 25

Buccal mucosa (cheek)

Right 103 2 50 16 35 70 31

Left 105 0 55 20 30 70 35

Lip
Upper 1 0 0 0 1 1 0

Lower 22 0 7 8 7 10 12

Alveolar ridge 17 0 9 3 5 12 5

Tongue 14 0 5 5 4 7 7

Gingiva 5 0 0 1 4 2 3

Palate 2 0 1 0 1 2 0

Total 509 4 258 T 72 - 175 363 142

a Includes bidi smoking alone and in combination with other smoking or chewing habits or both.
b The labial commissure is defined as an area of 1 cm2 extending from the corner of the mouth into the buccal mucosa.


