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Data from a prospective study of 3884 smokers and 3676 non-smokers followed for five years were analysed to investi-
gate the determinants of chronic mucus hypersecretion (CMH). During the follow-up 414 (10.7%) smokers and 140
(3.8%) non-smokers developed CMH. The influence of the type of tobacco smoked (plain cigarettes, filter cigarettes,
pipe and cheroots/cigars), lifetime tobacco consumption, age, alcohol consumption, and socioeconomic status on the
development of CMH was assessed in men and women separately using multiple logistic regression. In smokers of
both sexes, the risk of developing CMH increased significantly with lifetime tobacco consumption and almost signifi-
cantly with age. In male smokers, the risk of developing CMH increased with alcohol consumption but was not signifi-
cantly related to the type of tobacco smoked. In female smokers, the risk of CMH increased significantly with short
school education and was, after adjustment for the amount of tobacco smoked, approximately twice as high in ciga-
rette smokers as in cheroot smokers. However, as female cheroot smokers on the average consumed much more
tobacco than female cigarette smokers the incidence of CMH was almost the same in the two groups. Among current
non-smokers, the risk of developing CMH increased with age and previous tobacco consumption. It is concluded that
although a number of factors are associated with the development of CMH, tobacco smoking, regardless of the type of
tobacco, is a major determinant of CMH.

Chronic mucus hypersecretion (CMH) is a common
respiratory disorder.' Although CMH contrary to
chronic airflow limitation does not seem to be related
to mortality from chronic obstructive pulmonary
disease (COPD),2 it is associated with increased respir-
atory morbidity and may be related to the develop-
ment of pulmonary neoplasms. '"* Tobacco smoking has
for many years been identified as a major risk factor for
CMH in western countries, but relatively little is
known about possible differences in the effects of dif-
ferent types of smoking tobacco on CMH.4"'6 A
number of earlier, mainly cross-sectional, studies have
found that the risk of CMH increases with increasing
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cigarette tar yields and with the absence of filters, but
two more recent studies have suggested that the benefit
of tar reduction may have been overemphasized.1314

Studies comprising subjects smoking types of tobacco
other than cigarettes have indicated that pipe and cigar
smokers have a lower risk of CMH than cigarette
smokers, but the observations were based on small
number of subjects.4-51516

The aim of this prospective study was to analyse the
effects of different types of smoking tobacco (plain cig-
arettes, filter cigarettes, cheroots/cigars, pipe) and of
other potential risk factors like poor socioeconomic
status"'8 and alcohol consumption"-20 on the develop-
ment of CMH in a general population.

METHODS
Population
All subjects included in the present analysis have par-
ticipated in the Copenhagen City Heart Study, a pros-

882

 at Pennsylvania State U
niversity on Septem

ber 17, 2016
http://ije.oxfordjournals.org/

D
ow

nloaded from
 

http://ije.oxfordjournals.org/


CHRONIC MUCUS HYPERSECRET1ON AND SMOKING 883

pective epidemiological survey of more than 14 000
subjects aged 20 years or more randomly selected from
the general population of the city of Copenhagen. The
subjects have been examined twice, the first time from
1976 to 1978 and secondly five years later from 1981 to
1983. Details on the selection procedure of the study
sample, the questionnaire and the complete examin-
ation programme have been given previously.21"22 From
the total sample of 11135 subjects who attended both
examinations, the following subjects were excluded
from the analysis (a) 344 people with a history of bron-
chial asthma; (b) 1866 people who changed the type of
tobacco smoked during the follow-up or smoked more
than one type of tobacco; (c) 626 subjects who stopped,
started or restarted smoking during the observation
period; (d) four female pipe smokers; (e) 170 subjects
with incomplete data required for the analysis; (f) and
565 subjects who reported CMH at the first examin-
ation. The final study sample comprised 3884 smokers
and 3676 non-smokers.

The subjects were grouped according to self-
reported smoking habits during the follow-up:
NS: Non-smokers: subjects who at both examin-

ations reported not smoking tobacco.
CIGP: subjects smoking plain, ie non-filter, cigarettes

only.
CIGF: subjects smoking filter cigarettes only.
CER: women smoking cheroots, or cigarillos only

and men smoking cigars, cheroots, or cigarillos
only.

PIPE: men smoking pipe only.
In the assessment of tobacco consumption the fol-

lowing weight-equivalents for the tobacco content
were used: plain cigarette or filter cigarette 1 g; cigar
5 g; cheroot and cigarillo 3 g; 1 g of pipe tobacco 1 g.
For current smokers an estimate of life-time tobacco
exposure was calculated as pack-years (current
tobacco consumption (g/day) * duration of smoking
(years)/20).

At both examinations the subjects reported their
daily consumption of beer, wine, and spirits. For each
participant mean daily alcohol consumption during the
follow-up was estimated as the number of drinks a day
(one drink = 10 g of alcohol).

As an indicator of socioeconomic status we used the
duration of school education as reported at first exam-
ination. The subjects were registered as having CMH if
they reported to have chronic phlegm ie cough and
sputum production daily for at least three months a
year for at least two years.

Statistical Methods
Data from smokers and non-smokers were analysed

using multiple logistic regression. The dependent vari-
able was development of CMH between the two exam-
inations. In the regression model of smokers, the
independent variables were binary variables repre-
senting the smoking groups (for men: X^cr X^^
XCER. XPIPE

 a n d f°r women: X^p X ^ X ^ R ) , age
(with three levels: 20-39 years, 40-59 years, 60 years or
more), lifetime tobacco consumption (with three
levels: 1-14 pack-years, 15-29 pack-years, 30 pack-
years or more), school education (with three levels: 1-7
years, 8-10 years, 11 years or more), and daily alcohol
consumption (with two levels: 0-2 drinks/day, three
drinks/day or more).

The regression model for non-smokers included age,
school education, and alcohol consumption using
similar levels as for smokers. Instead of life-time
tobacco consumption, the duration of smoking was
included using three levels: 0-14 years, 15-29 years,
and 30 years or more.

Separate analyses were made for men and women.
However, for non-smokers the results are shown for
the two sexes together as the regression coefficients for
men and women were very similar. The results are
given in terms of odds ratios (OR) with 95% con-
fidence intervals (CI).

First order interaction terms were investigated to see
if they significantly improved the fit of the data. The
level of significance was set to 5%.

RESULTS
General characteristics of the participants are given in
Table 1. Cheroot/cigar smokers were on average older
and consumed more than twice as much tobacco a day
than smokers in the other smoking groups. Non-
smokers consumed less alcohol a day than smokers.
With regard to the length of school education the sub-
jects in different smoking groups were very similar.

During the follow-up, 414 (10.7%) smokers and 140
(3.8%) non-smokers developed CMH. The differ-
ences in the incidence of CMH between subjects smok-
ing different kinds of tobacco were small (Table 2).

The results of multiple logistic regression analysis on
current smokers are presented in Table 3. In women,
the risk of developing CMH increased significantly
with pack-years and short school education and almost
significantly with age. Women smoking cheroots had a
significantly lower risk of developing CMH than
women smoking plain cigarettes. The risk of CMH in
women smoking filter cigarettes did not differ signifi-
cantly from the risk among women smoking plain
cigarettes.

In men, the risk of developing CMH increased sig-
nificantly with number of pack-years, alcohol con-
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TABLE 1 General characteristics of the participants according to sex and type of tobacco smoked. Arithmetic means

NS

n = 2381

Women

CIGP CIGF

627 1331

CER

373

NS

1295

CIGP

653

Men

CIGF

418

CER

269

PIPE

213

Age, yean
Smoking duration, years
Tobacco consumption, g/day
Alcohol consumption, drinks/day
Education, years

53.5
4.6
0
0.2
8.5

50.3
28.4
13.4
0.3
8.2

48.0
24.4
12.5
0.3
8.5

59.2
284
30.7
0.3
8.2

52.1
14.5
0
1.1
8.9

50.8
33.0
17.1
2.2
8.4

46.3
27.9
16.6
1.7
8.7

56.6
37.2
35.8

1.4
8.7

53.7
34.3
15.6
1.2
8.8

Abbreviations:
NS: Non-smokers.
CIGP: Plain cigarette smokers.
CIGF: Filter cigarette smokers.
CER: Cheroot/cigar smokers.
PIPE: Pipe smokers.

sumption and almost significantly with age, but was not
significantly related to the length of school education
and the type of tobacco smoked (Table 3).

Among current non-smokers, the development of
CMH was significantly associated with age and almost
significantly associated with previous tobacco con-
sumption (Table 4). Neither sex nor alcohol consump-
tion nor education were significantly associated with
the development of CMH.

No significant interactions could be demonstrated
between pairs of the independent variables ie the OR
for the independent variables may be considered as
multiplicative.

DISCUSSION
The results of this population study show that smokers
have a much higher incidence of CMH than non-
smokers. After adjustment for the amount of tobacco
smoked, women smoking cheroots have a significantly
lower risk of developing CMH than women smoking
cigarettes, but the differences between the effects of
the remaining types of tobacco on the development of

CMH are small. The amount of tobacco consumed is
very closely related to the development of CMH. In
addition to smoking, advanced age, and among
smokers alcohol consumption and low socioeconomic
status are associated with development of CMH.

In this study, we have chosen to look at the incidence
of CMH rather than at the prevalence. This was done,
as the choice of the tobacco smoked might be affected
by pre-existing respiratory symptoms, making cross-
sectional findings less interpretable. As the develop-
ment of CMH is likely to be affected by the amount of
tobacco smoked and by the duration of smoking, we
have adjusted for the estimated life-time tobacco con-
sumption in current smokers and for duration of pre-
vious smoking in non-smokers.

The main objective of the present analysis was to
explore whether different types of tobacco have dif-
ferent effects on the development of CMH. In a
number of earlier studies a lower prevalence of CMH
in smokers of lower tar cigarettes compared with
smokers of cigarettes with higher tar yields has been
reported.5'79"12 However, two recent studies have ques-

TABLE 2 Number of subjects

New cases of CMH
Incidence %

who developed chronic mucus hypersecretion
group

NS

84
3.5

Women

CIGP CIGF

64 109
10.2 8.2

(CMH) during the five year folio*

CER

34
9.1

NS

56
4.3

CIGP

93
14.2

v-up according to sex and smoking

Men

CIGF

52
12.4

CER

35
13.0

PIPE

27
12.7

Abbreviations:
NS: Non-smokers.
CIGP: Plain cigarette smokers.
CIGF: Filter cigarette smokers.
CER: Cheroot/cigar smokers.
PIPE: Pipe smokers.
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TABLE 3 Risk of developing chronic mucus hypersecretion in female and male smokers according to age, smoking group, pack-years, daily
consumption of alcohol, and duration of school education

Age, years
20-39
40-59
60+

Smoking group
Plain cigarettes
Filter cigarettes
Cheroots/cigars
Pipe

Pack—years
1-14

15-29
30+

Alcohol, dnnks/day
0-2
3+

Education, years
0-7
8-11

12+

OR*

1.0
1.0
1.5

1.0
0.9
0.5

1.0
1.5
3.2

1.0
1.4

1 0
0.8
0.4

Abbreviations:
• OR: odds ratio.
t CI: 95% confidence interval.
t Significance levels for testing coefficient(s)

Women

CIt

0.6-1.6
0.9-2.5

0.7-1.3
0.3-0.8

1.1-2 2
2.1-4.9

0.7-2.9

0.6-1.1
0.2-0.8

= 0.

pt OR

0.10

0.02

(

<0.001

0.34

.0

.1

.5

.0

.1
).7
.0

0
>.O
!.8

.0

.5

<0.01
1.0
0.8
1.0

Men

CI

0.6-1.7
0.9-2.6

0.7-1.5
0.5-1 1
0.6-1.5

1.2-3.4
1.6-4.9

1.1-2 0

0.6-1.1
0.6-1.6

P

0.08

0.46

<0.001

0.02

0.42

tioned this association.1314 In the UK Heart Disease
Prevention Project, the men who changed to lower tar
cigarettes were significantly more likely to stop pro-
ducing phlegm than the men who continued to smoke
cigarettes with higher tar yields.14 Yet, there was no
dose-response relationship between the reduction in
the tar yields of the cigarette smoked and the cessation
of CMH. This was explained by compensation ie a
more intense smoking among smokers who changed to
cigarettes with very low tar yields. In addition,
smokers who initially did not have CMH and changed
to cigarettes with lower tar yields experienced a higher
incidence of CMH during the follow-up than those who
continued to smoke cigarettes with higher tar yields.14

In a recent study from Finland there was no significant
difference in the prevalence of CMH between smokers
of low tar and medium tar cigarettes.13 In the present
study no significant difference between the risk of
developing CMH between smokers of filter cigarettes
and smokers of plain cigarettes has been observed.
This might be due to the relatively small difference in
the tar yields of the cigarettes compared. According to
the data from The Scandinavian Tobacco Company the
difference in tar yields was approximately 12 mg tar per

cigarette, as plain cigarettes contained approximately
35 mg per cigarette and filter cigarettes approximately
23 mg. In view of the conflicting findings of previous
studies and in view of the fact that manufactured ciga-
rettes are constantly changing, further prospective
studies should be conducted to investigate the possible
differences in effect of the type of cigarettes on CMH.

After adjustment for the amount of tobacco con-
sumed, the risk of developing CMH in men was only
slightly and non-significantly lower in cheroot/cigar
smokers than in cigarette smokers, whereas women
smoking cheroots had a significantly lower risk than
cigarette smokers. However, this difference had no
practical implications as the consumption of tobacco in
g/day was more than twice as high in cheroot smokers
as in cigarette smokers resulting in almost the same
incidence of CMH (Table 2). These observations
diverge from the results of previous studies where the
prevalence of CMH among pipe and cigar smokers has
been considerably lower than among cigarette
smokers.11516 This discrepancy might be due to very
small numbers of cigar and pipe smokers included in
previous studies and to the lack of adjustment for
tobacco consumption. In studies from the US and UK,
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TABLE 4 Risk of developing chronic mucus hypersecretion in non-
smokers according to sex, age, duration of smoking, daily consumption

of alcohol, and duration of school education

Sex
Women
Men

Age, years
20-39
40-59
60+

Duration of smoking, years
0-14

15-29
30+

Alcohol, drinks/day
0-2
3+

Education, years
0-7
8-11

12+

OR*

1.0
1.0

1.0
1.3
2.2

1.0
1.3
1.7

1.0
1.2

1.0
0.9
0.7

a t

0.7-1.6

0.7-2.5
1.1-4.2

0.8-2.1
1.1-2.9

0.6-2.3

0.6-1.2
0.3-1.2

P*

0.84

<0.01

0.09

0.55

0.39

Abbreviations:
* OR: Odds rato.
t CI: 95% confidence interval.
t Significance levels for testing coefficient(s) = 0.

the frequency of inhalers among pipe and cigar
smokers is substantially lower than among cigarette
smokers.23-24 In our study, as in other studies from
Scandinavia,25 inhalation habits of cigarette smokers
and of cigar/cheroot smokers and pipe smokers differ
less. A number of European studies have shown that
smoking of pipe, cigars and cheroots may be associated
with as high a risk of lung cancer26-27 and myocardial
infarction28 as cigarette smoking. Our results provide
further evidence for the opinion that cheroot/cigar and
pipe smoking should be considered as dangerous as
cigarette smoking.

The observation of increased prevalence of CMH
with age has been reported in many previous studies.
However, it is not known whether this reflects the
effect of cumulated exposure to environmental or
occupational agents or the effect of ageing per se.w The
weak association of short school education and alcohol
consumption with increased risk of development of
CMH in smokers is in accordance with our cross-sec-
tional findings30 and with findings from other stud-
ies. "•20JI However, our study cannot resolve whether
these associations express causality or merely an
association with other potential risk factors for CMH
like poor living conditions, intercurrent respiratory
infections, occupational stresses, or passive smoking,
as these variables were not registered in our study. It is

therefore possible that inclusion of such variables in
the regression model would have changed the associ-
ation between CMH and alcohol consumption and
education. It is, however, less likely that this would
have affected the strong relation of pack-years to
CMH.29 Finally, it is also possible that the association
between high socioeconomic status and a lower risk of
CMH is due to underreporting of CMH by women with
higher socioeconomic status.

We conclude that smoking is a major determinant of
CMH in the general population and that the differ-
ences in the risk of developing CMH between smokers
of different types of tobacco are negligible.
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