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Joshi, R. C., Madan, R. N., and Brash, A. A. (1975). Thorax, 30, 61-67. Prevalence
of chronic bronchitis in an industrial population in North India. A survey for the
prevalence of chronic bronchitis in an industrial population in North India is reported.
The prevalence of chronic bronchitis is 12-5% in 473 subjects between the ages of 17
and 64 years. The prevalence rate of chronic bronchitis is comparable to that observed
in areas of low community air pollution in Europe and North America. There is no age-
related rise in the frequency of respiratory symptoms.
The consumption of tobacco in these subjects is low and is comparable to tobacco

consumption of light smokers. The prevalence of chronic bronchitis in smokers is five
times the prevalence in non-smokers and is similar to the values reported for light
smokers in other surveys. These observations suggest that cigarette smoking is associated
with the development of chronic bronchitis, and the differences in the prevalence rate
of chronic bronchitis between this survey and other surveys conducted in Europe and
North America are mainly due to differences in smoking habits. Air pollution has a
minor effect only and ethnic differences do not appear to play any part.
Forced expired volume in one second shows a negative correlation with age. It is lower

in asymptomatic smokers than in non-smokers and is lower in chronic bronchitis than
in controls.

Chronic bronchitis has been recognized as a

major public health problem in the United King-
dom since 1950. In fact it has been called 'the
English disease'. With the standardization of
diagnostic and epidemiological methods, compara-

tive international studies in the last decade have
shown chronic bronchitis to occur throughout
Europe and North America (Fletcher, 1963;
Mork, 1964).
There are, however, geographical variations

in the prevalence of chronic bronchitis which
persist even after accounting for the differences
in smoking habits. These variations have been
explained by variations in the level of community
air pollution (Holland and Reid, 1965) and ethnic
differences (Ferris and Anderson, 1962; Coates,
Bower, and Reinstein, 1965; Massaro, Cusick, and
Katz, 1965).
Adequate epidemiological data on the pre-

valence of chronic bronchitis on the Indian sub-
continent are lacking. It is the general impression
of clinicians that the prevalence of chronic bron-
chitis in North India is fairly high. Wig (1960)

found that during the period 1952-54 over 30%
of patients reporting to the Chest Clinic in
Amritsar were suffering from chronic bronchitis.
Viswanathan and Jain (1963) report that in 1961
over 20% of all patients attending the Chest
Institute, Delhi were diagnosed as having chronic
bronchitis.
The purpose of this study is to survey the pre-

valence of chronic bronchitis in industrial workers
of a town in North-West India, using methods
comparable to those in other surveys.

MATERIAL AND METHODS

The survey was located in Ludhiana, a town with a
population of approximately 0-45 million, in North-
West India. It is 225 m above sea level, with a mean
temperature of 12°C in January and 35'C in July.
Mean annual precipitation is 60 cm. There is very
little air pollution. There are a large number of small-
scale industries which run on electricity and do not
contribute significantly to air pollution. The only
source of air pollution is the smoke produced from
the burning of coal and firewood used as fuel for
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cooking and, to some extent, for domestic heating
in the winter.
The employees of a machine tool factory and a

woollen hosiery mill, a total of 486 men, were chosen
for the survey. The nature and purpose of the survey
were explained to the subjects who were asked to
volunteer. One of the investigators (RNM) personally
interviewed the subjects regarding their respiratory
symptoms. A translated short MRC questionnaire on
chronic bronchitis (Medical Research Council, 1960)
was used with particular emphasis on the following
questions:
1. Do you usually cough up phlegm from your chest

(not from the back of your nose)? Those who
answered 'no' were asked if they brought up
phlegm at all on getting up (or first thing in the
morning).

2. How long have you had this cough and/or phlegm
(two years or more)?
The subjects had a complete clinical examination

and a 70 mm chest radiograph. Minifilms were read
independently by one of the investigators (RCJ) and
a radiologist. A third reading of the film was made
when the interpretation was not agreed. A standard
chest film was obtained if the minifilm showed any
cardiac or lung abnormality.

After two practice runs, three recordings of the
forced expiratory spirogram (FES) were made in a
sitting position on a 9-litre Collins spirometer. Forced
expiratory volume in one second (FEVy.o) was
obtained from these traces, the starting point for the
measurement being 200 ml below peak inspiration
(Kory, Callahan, Boren, and Syner, 1961). The best
of the three readings was accepted, and the volume
was converted to body temperature and pressure,
saturated with water vapour.

STATISTICAL METHODS The regressions of FEV,.o on
age were obtained by the method of least squares. An
analysis of covariance was done on these regressions.
The significance of difference between the two pro-
portions was tested by the z test. Student's t test was
used to test the significance of difference between the
two means.

DEFINITIONS Chronic bronchitis (CB) is defined as

production of phlegm from the chest on most days
for at least three months in a year for at least two
years in the absence of other causative diseases (Ciba
Guest Symposium, 1959).
Asthma is defined as abnormal and paroxysmal

breathlessness associated with wheezing (Ciba Guest
Symposium, 1959).

'Other respiratory symptoms' (ORS) are defined as

upper respiratory symptoms not satisfying the criteria
for the diagnosis of chronic bronchitis, such as fre-
quent nasal catarrh, sinusitis, and unproductive
cough.
A cigarette smoker is defined as one who has

smoked as much as one cigarette per day for as long
as one year (Doll and Hill, 1950).

RESULTS

Four hundred and seventy-three of 486 employees
of the two industries between the ages of 17 and
64 years were available for the survey. The pre-
valence of chronic bronchitis and other respira-
tory and cardiac conditions, according to age and
smoking habits, are given in Table I.
Two hundred and ninety-four subjects had no

respiratory symptoms and had a normal clinical
examination and miniature chest film. They were
used as controls for comparison with other
groups.
One hundred and sixty-two subjects had respira-

tory symptoms. Of these, 59 satisfied the criteria
for the diagnosis of chronic bronchitis; 83 subjects
were placed in the 'other respiratory symptoms'
group, and five subjects had bronchial asthma.
Fifteen subjects had radiologically active pul-
monary tuberculosis, giving a prevalence rate of
3-2%.

Cardiac lesions were found in seven subjects.
Four had mitral stenosis, one had combined
mitral and aortic stenosis, and two subjects had
cardiac enlargement of undetermined aetiology.

TABLE I
RESULTS OF SURVEY ACCORDING TO AGE AND SMOKING HABITS

Age Distribution (years) Smoking Habit

No. 15-24 25-34 35-44 45-54 55-64 Sm N.Sm

Normal controls 294 134 113 24 15 8 124 170
Chronic bronchitis 59 16 32 5 4 2 50 9
ORSgroup 83 37 35 8 2 1 58 25
Bronchial asthma 5 1 2 1 1 - 2 3
Pulmonary tuberculosis 15 2 5 1 3 4 5 10
(radiologically active)
Cardiac lesions 7 5 2 - - - 1 6
Other lesions 10 1 2 3 1 3 4 6

Total 473 196 191 42 26 18 244 229

Male population of India 36-8 34-5 25-7 18-9 11-0
(millions)

Sm =current cigarette smoker; N.Sm=never smoked.
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Miscellaneous radiological and/or clinical ab-
normalities were found in 10 subjects. Seven
subjects showed radiological evidence of minimal
to moderate generalized pulmonary fibrosis, one
had marked kyphoscoliosis, one had pleural
effusion/thickening, and one had a large calcified
shadow in the lung.
There were 244 smokers (51-6%) and 229 non-

smokers (48-4%) in this sample. None of the
subjects smoked 20 cigarettes or more daily.
There were no pipe or cigar smokers.
Only subjects with respiratory symptoms, with

the exclusion of bronchial asthma and pulmonary
tuberculosis, are used in further analyses.

PREVALENCE OF CHRONIC BRONCHITIS The per-
centage prevalence of chronic bronchitis accord-
ing to 10-year age groups and smoking habits is
shown in the Figure. The overall prevalence of
chronic bronchitis in this population is 12-5%.
Age The prevalence of chronic bronchitis rises
significantly from 8 2% in the 15-24-year age
group to 16 8% in the 25-34-year age group
(P<0-01). There is no statistically significant
change in prevalence in the subsequent age
groups.
Smoking The prevalence of chronic bronchitis
is 20-5% in smokers and 3-9% in non-smokers.
The difference is highly significant (P<0-001). It

was not possible to analyse the effect of increas-
ing tobacco consumption as none of the subjects
smoked more than 20 cigarettes per day and only
five subjects with chronic bronchitis smoked
more than 14 cigarettes per day.

PULMONARY FUNCTION TESTS Table II gives the
mean, range, standard deviation, and regressions
on age of FEV,. in normal controls, chronic
bronchitics, and subjects with 'other respiratory
symptoms'. Table III gives the mean and range of
FEYV.0D in each age group of these subjects.
The FEVy.0 shows a significant negative regres-

sion with age in each of three clinical groups. An
analysis of covariance was done on regressions of
FEV.O on age. The effect of cigarette smoking
and of respiratory symptoms on FEVY., could then
be analysed by excluding the effect of age on
FEVY.O.
Smoking The effect of smoking on the FEVY.o
was assessed in the control group. Of 294 subjects,
170 are non-smokers (56 8%) and 124 (43-2%)
cigarette smokers. The mean FEVY.o of non-
smokers is 3 03 litres and is significantly higher
than the mean FEV.,O of 2X89 litres in smokers
(P<0 02). Covariance analysis shows a signifi-
cant difference in the regressions of FEVY.O on
age in these groups (P<005).

P<. 0 1

6 8

l15-24 25-34

1 1 . 1

1 . 4

35-44 45-54 55-64

AGE DISTRI BUTION

P< . o0 1

2 0 . 5

3_39

SMOKERS NON-SMOKERS

SMOKING HABITS

FIGURE Prevalence (percent) of chronic bronchitis according to age and smoking habits.
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TABLE II
FORCED EXPIRATORY VOLUME, ONE SECOND (FEV1.,)

Regressions on Age

No. Mean (1.) Range (1.) SD Slope Intercept r SEE

Normal controls 294 2-97 1-38-4-44 0-497 -0020 3-545 -0-398 0-456
Non-smokers 170 3-03 1-38-4-44 0-490 -0-022 3-631 -0-449 0-439
Smokers 124 2-89 1-46-4-05 0-494 -0-018 3-388 -0-324 0-470
Chronic bronchitis 59 2-70 1-34-4-54 0-600 -0-026 3-477 -0-414 0-551
ORS group 83 2-93 1 -33-4-09 0-552 -0-032 3-792 -0-474 0-489

TABLE III
MEAN FEV5., (litres) ACCORDING TO AGE GROUP

Age Group (years)

15-24 25-34 35-44 45-54 55 -64

Normal controls 3-14 2-92 2-75 2-73 2-07
(2-00-4-44) (1-38-4-08) (2-04-3-87) (1-93-3-29) (1-46-2-65)

Non-smokers 3-18 3-03 2-72 2-64 2-15
(2-33-4-44) (1-38-4-08) (2-04-3-19) (1-93-2-91) (1-73-2-65)

Smokers 3-07 2-80 2-77 2-98 1-95
(2-00-4-05) (2-04-3-75) (2-08-3-87) (2-71-3-29) (1-46-2-60)

Chronic bronchitis 2-88 2-82 1-99 2-20 2-09
(1-74-3-70) (1-88-4-54) (1-34-2-23) (1-49-2-89) (2-07-2-11)

ORS group 3-11 2-88 2-77 1-66 1-36
(2-28-4-09) (1-53-3-74) (2-25-3-12) (1-33-1-99) ( -

Figures in parentheses are the range.

Respiratory symptoms The mean FEV,.O of 2-97
litres in normal controls is significantly higher
that the mean FEV,.o of 2-70 litres in chronic
bronchitics (P<0-001). The regressions of
FEV,., on age in the two groups also show a
significant difference on covariance analysis
(P<0-01).
The ORS group has a significantly higher

FEV,., (2-93 litres) than the chronic bronchitis
group (P<0-05). However, the difference in the
regressions of FEV,., on age is not statistically
significant.
There is no significant difference in FEV,.,

between normal controls and subjects of the ORS
group.

DISCUSSION

Various population groups have been surveyed
for the prevalence of chronic bronchitis in dif-
ferent countries. These include the randomly
selected general population of a town, city or
county (Gocke and Duffy, 1962; Anderson,
Ferris, and Zickmantel, 1965a; Rimington,
1969), hospital in-patients (Massaro et al., 1965),
and special occupational groups such as post
office employees (Fletcher, Elmes, Fairbairn, and
Wood, 1959; Coates et al., 1965), transport
workers (Holland and Reid, 1965), and workers

in various industries (Sharp et al., 1965). A hospi-
tal population is biased by the mere fact that it is
hospitalized. Although a survey of the entire
population is ideal, surveying special occupational
groups such as an industrial population has its
advantages. Such a population is relatively stable
and can easily be approached and standardized.
The radiological screening of subjects has not

been a standard procedure in surveys for the
prevalence of chronic bronchitis in Europe and
North America. This has been justified as the
prevalence of tuberculosis is quite low. The
average prevalence of radiologically active tuber-
culosis in India was found to be 1-8% on a
national survey in 1955-58 (Deshmukh, 1970).
The prevalence rate of radiologically active
tuberculosis in this survey is higher than the
national average for India. This fact underlines
the importance of radiological screening in sur-
veys for respiratory symptoms in population
groups with a high prevalence of pulmonary
tuberculosis.
Most of the prevalence surveys for chronic

bronchitis are on the population above the age
of 40 years. A few surveys which have included
subjects under 40 years of age show a significant
prevalence of chronic bronchitis in these sub-
jects (Ferris and Anderson, 1962; Payne and
Kjelsberg, 1964; Anderson et al., 1965a).
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In this study all subjects regardless of their
ages are included. There is a preponderance of
younger subjects in the sample, a trend which is,
to some extent, reflected in the age distribution
of the male population of India between the ages
of 15 and 64 years (Research and Reference
Division, Ministry of Information and Broad-
casting, Government of India, 1971) (Table I).
The results of the present survey are consistent

with the well recognized observation that the
FEV., decreases with age and that it is lower in
asymptomatic smokers than in non-smokers.
FEV,.O is also significantly lower in subjects who
produce phlegm than in asymptomatic controls,
and this difference persists when the effect of age
is taken into account.

PREVALENCE OF CHRONIC BRONCHITIS: COMPARISON
WITH OTHER SURVEYS Table IV gives the salient
features of a few surveys on the prevalence of
chronic bronchitis which have used definitions
and methods comparable to the present survey.
The prevalence of chronic bronchitis in this
survey is 12-5%, which is comparable to the
prevalence observed in a few areas of relatively
low community air pollution (Olsen and Gilson,
1960; Payne and Kjelsberg, 1964; Sharp et al.,
1965; Rimington, 1969).
There is no significant trend towards a rise in

the prevalence of chronic bronchitis with age. A
similar lack of relationship between age and
prevalence rate of chronic bronchitis is observed
in a number of surveys conducted in North
America (Table lV). Read and Selby (1961), too,
showed a lack of age gradient in the prevalence of
chronic bronchitis in Australia.
However, various surveys in Great Britain

show a rise in the frequency of cough and phlegm
with age (Fletcher et al., 1959; Higgins, 1959;
Holland and Reid, 1965; Rimington, 1969). Air
pollution may be one of the factors which may
cxplain the age gradient of chronic bronchitis in
these surveys. In a survey on postal employees
in London by Fletcher et al. (1959), females who
are less exposed to atmospheric pollution do not
show a definite age-related rise in respiratory
symptoms. Holland and Reid (1965) observe a
positive relationship between age and chronic
bronchitis in London but not in county towns with
low levels of air pollution.
The relationship between smoking and chronic

bronchitis is now well established by many
epidemiological surveys (Royal College of
Physicians of London, 1962; United States Public
Health Service, 1964). The proportion of cigarette

smokers in the present sample is low when com-
pared with the populations surveyed in Europe
and North America (Table IV). A greater differ-
ence is seen when the amount of tobacco con-
sumption is compared. This difference is also
reflected in the national figures of cigarette con-
sumption per adult per annum in 1970, which
are 190 for India, 3,670 for the USA, 3,340 for
Canada, and 3,050 for the UK (Tobacco Research
Council, 1972).
Most of the investigators classify subjects

smoking one to 14 cigarettes per day as light
smokers (Fletcher et al., 1959; Higgins, 1959;
Anderson, Ferris, and Zickmantel, 1965b;
Holland and Reid, 1965; Holland and Stone,
1965). By this criterion the subjects of the present
sample can be regarded as light smokers. How-
ever, smokers show a five times increase in the
frequency of cough and phlegm when compared
with non-smokers. This is in accord with the
observations of Read and Selby (1961) and Gocke
and Duffy (1962) that the greatest increase in
the prevalence of chronic bronchitis is at the
'threshold' between smokers and non-smokers.
A comparison of the smokers in this study with

the subjects of other surveys with comparable
smoking habits shows a close agreement in the
prevalence of chronic bronchitis (Table IV).
Smoking is thus by far the most important factor
associated with chronic bronchitis and greatly
outweighs the effect of other factors such as
community air pollution. These observations sug-
gest that the differences in the prevalence rate
of chronic bronchitis between this population
group and the population groups in other
geographical areas and climates may be related
to differences in smoking habits. Air pollution
seems to play only a minor part, and it is
unlikely that ethnic differences are of any
significance.
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ment of Medicine, Queen Elizabeth Hospital,
Birmingham, for useful suggestions in the prepara-
tion of the manuscript; Mr. D. Barer, M.Sc., for
assistance with the statistical analysis of data; and
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