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Cigarette tar content and symptoms of chronic
bronchitis: results of the Scottish Heart Health
Study
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Abstract
Study objective-The aim was to

determine if there was a relationship
between cigarette tar yield and rates of
chronic cough and chronic phlegm.
Setting-22 districts across Scotland were

used for the Scottish Heart Health Study
(SHHS) which was conducted between 1984
and 1986 and from which the data for this
analysis were obtained.
Subjects-10 359 men and women aged

40-59 years were studied. Of these, 2801
current cigarette smokers whose brand of
cigarette smoked was known were selected.
Measurements andmain results-Data on

self reported smoking habits and prevalence
of chronic cough and chronic phlegm were
obtained from the SHHS. Tar yield was
divided into three groups: low ( A 12 mg/
cigarette); middle (13-14 mg/cigarette); high
(> 15 mg/cigarette). The average tar yield
consumed per person was 13-2 mg/cigarette.
Women in the middle and high tar groups
had smoked for longer and had significantly
higher breath carbon monoxide levels,
serum thiocyanate levels, serum cotinine
levels, and daily cigarette consumption than
the women in the low tar group. This pattern
was not seen in men for any of these five
smoking variables. Rates of chronic cough
and chronic phlegm were higher with higher
tar yield of cigarettes smoked for women
(low tar v high tar: p < 0-001) but not for men.
Daily cigarette consumption and the
number of years of smoking were the most
significant risk factors for chronic cough and
chronic phlegm for both men and women.
Tarwas still a significant risk factor (p < 0-05)
for women after controlling for these two
risk factors and social class.
Conclusions-Both sexes show strong

effects of daily cigarette consumption and
years of smoking on respiratory symptoms;
women show an additional effect ofcigarette
tar content while men do not. The spread of
tar yield in both sexes was small but there
were more women on low tar cigarettes and
this may have enabled a weak effect of tar to
be seen better in them. On the other hand, tar
level in women was confounded with other
factors. Statistical methods of controlling
for this may not have removed this
confounding completely.

Committed cigarette smokers unwilling to give up
smoking have been advised to change to cigarettes
with a lower tar yield. 1-3 In the UK, mortality from
chronic bronchitis has been falling4 as have

smoking rates,5 and the average tar yield (mg) has
more than halved from 30 4 mg/cigarette in 1955 to
14 4 mg/cigarette in 19856 in the past 30 years.
Scotland has one of the highest rates of death from
diseases of the respiratory system in the developed
world.7 Cigarette smoking is accepted as the main
cause of chronic bronchitis in the UK,8 with an
increase in symptoms corresponding to an increase
in cigarette consumption.9 10 Given this strong
dose-response relationship, this paper addresses
the question of whether there are benefits
associated with smoking cigarette brands with a
lower tar yield.
This paper uses data from a large cross sectional

survey, the Scottish Heart Health Study
(SHHS),ii and looks at cigarette tar group and the
prevalence of chronic cough and chronic phlegm,
which are two major symptoms of chronic
bronchitis. No study of a comparable size has
looked at the link between tar yield of cigarettes
and the frequency of these symptoms in the two
sexes.

Methods
Data were taken from the SHHS,12 13 a study set
up to investigate the high levels of coronary heart
disease mortality in Scotland. Twenty two districts
ofmainland Scotland were chosen, at least one and
usually two from each of the Health Board areas.
Glasgow City was split into two. Glasgow north of
the Clyde and also the City of Edinburgh were
chosen for an overlapping longitudinal study (the
WHOMONICA study). 14 The subjects were 2801
men and women in the 40-59 years age group who
were current cigarette smokers (395 cigar and/or
pipe smokers and 775 for whom tar content of the
cigarettes smoked was unknown were removed
from the analysis). A self completed questionnaire
was sent to each subject together with an
appointment to attend a survey clinic for
examination. The data presented in this paper
come from three sections of the questionnaire: the
personal history section; the British Medical
Research Council respiratory questiornaire15; and
the World Health Organization standard smoking
questions16 with some additional questions on
smoking. Expired air carbon monoxide was
measured using a Model 2000 portable carbon
monoxide Ecolyser (Analyses Automation) or a
EC50 carbon monoxide monitor (Bedfont
Technical Instruments) during the examination. A
comparison between the two machines showed that
they gave very similar results.'7 A blood sample
was taken during the examination by a trained
nurse for biochemical analysis. This was
subsequently analysed for thiocyanate using a
COBAS Bio analyser and for cotinine by gas-liquid
chromatography. 18
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DEFINITION OF TERMS USED
Chronic cough was defined as cough first thing in
the morning and/or at any time during the day or

night for as much as three months each year.

Chronic phlegm was the bringing up of phlegm
from the chest first thing in the morning and/or at
any time during the day or night for as much as

three months each year. A cigarette smoker is one
who describes himself currently as a regular or

occasional cigarette smoker. The tar yields of the
cigarettes smoked in this study were obtained from
a computer file supplied by the Government
Chemist covering the period of the survey (as
published periodically in tables by the Department
of Health). Three categories of tar level were

devised to divide the study sample into
approximately equal groups: < 12 mg/cigarette,
13-14 mg/cigarette, and > 15 mg/cigarette. These
categories are referred to as low, middle, and high
tar respectively in the text. The Government
definitions of tar groups were, up to 1984: low
(.<10 mg/cigarette), low to middle (11-16 mg/
cigarette), middle (17-22 mg/cigarette), middle to
high (23-28 mg/cigarette), and high (>29 mg/
cigarette).' These were redefined from 1st January
1985 as follows: low (s 9 mg/cigarette), low to
middle (10-14 mg/cigarette), middle (15-17 mg/
cigarette), and high (> 18 mg/cigarette).2

Social class was defined using the OPCS 1980
Classification of Occupations,'8 with the social
class for married women based on their husband's
occupation.

STATISTICAL METHODS

Variables describing potential risk factors were

fitted into multiple logistic regression models
separately to predict the presence of chronic cough
or chronic phlegm. For daily cigarette
consumption, the values were divided into three
standard groups: < 15 cigarettes/day, 15-24
cigarettes/day, and > 25 cigarettes/day.9 For
number of years smoked, the values were divided
into three approximately equal groups. This was
done separately for men and women. A t test was
used to test the significance of the differences
between group means. A test for differences in
proportions examined differences between rates of
chronic cough and chronic phlegm in the three tar
groups for both men and women.

Results
The distribution of tar yields for the 2801 current
cigarette smokers (1154 men and 1647 women)
investigated in this study is shown in table I.
Despite using arbitrary cut offpoints in an attempt
to equalise the three tar groups, the large clustering
of subjects at the 13 mg/cigarette and the 14
mg/cigarette means that there is a large number of
subjects in the middle tar group and a smaller
number in the low tar group. Of the men, 11 4%
(131) were in the low tar group, 47.7% (550) in the
middle group, and 41-0% (473) were in the high
group; 25-0% (411) of the women were in the low
tar group, 41-5% (684) in the middle group, and
33-5% (532) in the high group. The distribution of
smokers by past and present Government tar
groups is also shown in table I. Approximately
72% of the men in the low tar group, 27% in the
middle tar group, and 20% in the high tar group

Table I Distribution of the tar yields of cigarettes
smoked by men and women

Tar yield (mg/cigarette)
Government
tar groups Our tar Men Women
1984 1985 groups n(,,) n(",)

I 1 - -1 5 (0-4) 11 (0 7)
4 4 10 (0-9) 65 (3 9)

L 7 L 7 8 (0-7) 42 (2 6)
8 L 8 42 (3-6) 127 (7-7)
9 _ 9 57 (4*9) 127 (7 7)

_10- 10 I (0-1)
12 I 1M 5(04) 29(18)
12 L-M 12 4 (03) 9 (05)

L-M 13] 13 362 (31.4) 503 (30 5)
14 M L 14 188 (16 3) 181 (11 0)
15 - - 5 55 (4 8) 87 (5 3)
16 M 16 358 (31 0) 407 (24 7)

-17 _ H 17 37 (3 2) 51 (3 1)
M 18 18 20 (1 7) 7 (0 4)

M 119 H 19 1(3) 51(M-H H25_(125 2 (0 2) -
Total 1154 1647

L = low; L-M= low to middle; M = middle; M-H = middle to
high; H =high

reported that they had changed to smoking a
cigarette with a lower tar yield in the last 10 years.
The corresponding percentages for women are
731,0 350(, and 2400.

In each of the tar groups, men have a higher
mean tar value than women (8-04 v 7 69, 13 34 v
13-26, and 16 09 v 15 96 for low, middle, and high
tar groups respectively) although these differences
are small. Analyses comparing tar means in each of
the four age groups (40-44, 45-49, 50-54, and
55-59 years) and the proportion of subjects in each
of three tar groups by age group showed little
difference for both men and women. None of the
rates and means presented have been age
standardised because of the lack of an age effect.
Table II shows that among women, the three
biochemical measurements (carbon monoxide,
thiocyanate, and cotinine), the daily cigarette
consumption, and the number of years of smoking
were all significantly higher for subjects in the
middle and high tar groups than in the low tar
group. However, the biochemical measurements
show no difference between the middle and high
tar groups for the women. Among men, the only
significant differences are between the low and
middle groups for carbon monoxide, and between
the low and high groups for thiocyanate.
Table III shows the biochemical measurements

expressed as levels per cigarette in the three tar
groups, and a similar pattern to that shown in table
II emerged. Among men no difference was
significant. Among women, the same trend for
carbon monoxide and cotinine was shown, but the
trend for thiocyanate was in the opposite direction
with higher mean values in the low and middle tar
groups compared with the high tar group.
The rates of chronic cough and chronic phlegm

show a strong relationship with tar group among
women, with higher rates in the middle and high
tar groups. Among men, there was a similar though
less marked pattern for rates of chronic cough, but
not for chronic phlegm (table IV). A similar
pattern was observed with winter cough and
phlegm which did not persist for as long as three
months each year.
Table V shows the results of fitting a multiple

logistic model which is used to predict the presence
of the chronic bronchitis symptoms among men
and women using a number of risk factors. Daily
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cigarette consumption and the number of years of
smoking were the strongest risk factors in
predicting chronic cough for men. Social class was
also significant. For chronic phlegm among men,
the same significant risk factors emerged. Tar was
not a significant factor for either symptom in men.
Among women, daily cigarette consumption and
the number ofyears ofsmoking were significant for
chronic cough, as were tar content and social class.
For chronic phlegm among women, social class
was not a significant factor. The analysis was
redone for men and women with tar, daily cigarette
consumption, and number of years of smoking as
continuous variables and the results were
essentially the same.

Discussion
This study shows that women who smoke
cigarettes in a low tar group have lower rates of
chronic bronchitis symptoms than women who
smoke cigarettes in a high tar group. The same is
not true for men. The results also confirm that
daily cigarette consumption and the number of
years of smoking are far stronger risk factors for
chronic bronchitis symptoms than the tar yield of
the cigarette smoked.
The accuracy of self reporting of respiratory

symptoms may be of concern although the MRC
respiratory questionnaire is a widely used and
reliable method for ascertaining the actual
respiratory symptoms.20 Information on

changing cigarette brand over the past 10 years
revealed that almost three quarters of the subjects
in the low tar group and one third of those in the
middle tar group reported that they had
previously smoked a cigarette with a higher tar

Table II Mean levels of
three biochemical measures
of smoking, daily cigarette
consumption, and the
number ofyears smoked
by tar group for men and
women. Values are means
(95% confidence
intervals)

Table III Mean levels
of three biochemical
measures of smoking,
corrected for daily
cigarette consumption.
Values are means (9500
confidence intervals)

Tar group
(mg/cigarette) Men Women

Carbon < 12 22 (19,24) 18 (17,19)
monoxide 13-14 26 (25,27)t 23 (22,24)t
(ppm) ) 15 24 (23,25) 23 (22,24)t

Thiocyanate 412 114 (106,121) 120 (115,124)
(pmol/litre) 13-14 117 (114,121) 136 (132,139)t

>15 122 (118,125)* 138 (134,142)t

Cotinine < 12 275 (246,304) 199 (185,213)
(nmol/litre) 13-14 293 (279,306) 271 (259,283)t

> 15 278 (265,292) 269 (256,283)t

Daily <12 20 (18,22) 15 (15,16)
cigarette 13-14 22 (21,22) 17 (17,18)t
consumption > 15 21 (20,22) 18 (17,19)t

Number of < 12 34 (32,35) 30 (29,31)
years 13-14 34 (33,34) 31 (31,32)*
smoked > 15 34 (33,35) 32 (31,32)t
The t test comparison is made between low tar v middle groups
and low tar v high tar groups
pp<0 001, tp<0-01, *p<0.05

Tar group
(mg/cigarette) Men Women

Carbon A 12 1 3 (1 1,1 5) 1-3 (1 2,1 4)
monoxide 13-14 14 (1 3,15) 1 5 (14,16)$
per cigarette > 15 1-5 (1-3,1-7) 1-4 (1-4,1 5)*
(ppm)
Thiocyanate < 12 7 5 (6-9,8-1) 10-4 (9-5,11-4)
per cigarette 13-14 6 9 (6 3,7-4) 9-7 (9 1,10-2)
(nmol/litre) > 15 8-3 (7-3,9-3) 9-0 (8-5,9 5)t

Cotinine per < 12 17 6 (13 1,22-2) 14-1 (13 0,15-2)
cigarette 13-14 15 8 (14 5,17-0) 17 3 (16 4,18 2)t
(nmol/litre) > 15 18 9 (16 0,21 8) 16 6 (15 7,17 4)t
The t test comparison is made between low tar v middle groups
and low tar v high tar groups
pp<0 001, tp<0-01, *p<0.05

yield. There were more women than men in the
middle and high tar groups who had switched to a
cigarette with a lower tar yield. Previous tar group
however is not known and this study is purely
based on the tar yield of cigarettes currently
smoked. One limitation in comparing the effects
between tar groups in this report and those of
other studies is that different studies use different
tar group definitions. Older surveys extended to
much higher tar yields than those of today and the
spread of tar yields was greater, but in all cases
higher tar levels are being compared with lower
tar levels. Some studies compare plain cigarettes
with filter cigarettes with the assumption that the
former deliver more tar than the latter.

In this study, as in that by Paoletti et al,2' there
is no age trend associated with tar group. Russell
et a122 found that both men and women in older
age groups were more likely to smoke low tar
cigarettes than those in younger age groups,
whereas Schenker et al,9 who looked at women,
found the opposite. However these studies had a
wider age range than our study.
Our results show little difference for men in

measurements of carbon monoxide, thiocyanate,
and cotinine between the three tar groups, a
finding previously reported for both men and
women by Jaffe et al.23 Some surveys have
suggested that those who switch to cigarettes in a
lower tar group may inhale more from a cigarette
to compensate for the lower tar yield. Two studies
showed that those in the lower tar groups had
higher carboxyhaemoglobin levels (carbon
monoxide in the blood) than those in the higher
tar groups.24 25 Other studies show higher
biochemical measurements in the higher tar
groups than the low tar groups26 although there is
evidence of greater inhalation in the lower
groups.22 27 Among women in the present study,
there are significantly higher biochemical
measurements, with greater amounts of carbon
monoxide and cotinine per cigarette in the higher
tar groups. This study suggests that women have
not increased their smoking inhalation enough to
compensate for smoking cigarettes with a lower
tar yield and this could in part explain the greater
chronic bronchitis rates in the higher tar groups.
It is worth reiterating that the pattern ofchange of
switching to cigarettes with a lower tar yield is the
same in both sexes. Lynch and Benowitz28
showed higher levels of carbon monoxide and
nicotine in the higher tar group due to greater
intake per cigarette.
Another method of"compensation" is for those

in a lower tar group to smoke more cigarettes.26 27
The majority of studies show no relationship
between tar content and daily cigarette
consumptions, 9 21-23 25 29andthiswas true forthe
men in our study. Among women, however, there
was a significantly higher daily consumption of
cigarettes in the higher tar groups, as was found
by Lynch and Benowitz.28
Our results confirm the findings of two other

studies9 20 that women who smoke cigarettes with
a high tar yield have higher chronic bronchitis
rates than those who smoke cigarettes with a low
tar yield. Among men, there is no apparent
difference in chronic bronchitis rates between tar
groups. This finding contrasts with the results of
both Higenbottam et al,'0 who found high tar
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Tar group
(mg/cigarette) Male Female

Chronic cough
< 12 26-8% (34) 18 40 (72)
13-14 33-00O (176) 23-60o (153)*
>15 31 2'0 (139) 300'. (158)t

Chronic phlegm
12 29.4°0 (37) 17 20o (68)

13-14 3090, (165) 18-8', (123)
15 29 80o (137) 28 50o (152)t

The test for differences in proportions is between the low tar v
middle tar groups and the low tar v high tar groups
tp<0 001, *p<0.05

Chronic cough Chronic phlegm

Men Women Men Women
Tar content
Low 100 100 100 100
Middle 1 04 1 00 0-94 0 93
High 1 00 1.20* 0 93 1 22*

Daily consumption
Low 100 100 100 100
Middle 1 561 1-541 1.23* 1-43t
High 2 171 2 24t 1-691 2 051

No of years smoking
Low 100 100 100 100
Middle 1 27t 108 1-16 1.21*
High 1 68t 1 28t 1 551 1 42t

Social class
Non-manual 100 100 100 100
Manual 1-41t 1-26t 1341 1 14

The groupings for each variable are as follows: tar (mg-
cigarette): low= , 12, middle= 13-14, high= ) 15; daily
cigarette consumption: low= < 15, middle = 15-24,
high = > 25; number of years of smoking (men): low = < 30,
middle=31-37, high= 38; (women): low= <27,
middle = 28-34, high = > 35
The t test comparison is made between the low v middle groups
and the low v high groups. For social class, the t test comparison
is made between non-manual and manual
pp<0-001, tp<0 01, *p<0.05

cigarette smokers had a higher prevalence ofphlegm
production, and Paoletti et al.2" Hawthorne and
Fry,30 who looked at persistent phlegm in both men
and women, found little difference in rates between
tar groups, and Petitti and Friedman,3' who studied
several respiratory diseases, found little difference in
the chronic bronchitis rates between tar groups.
Most studies conclude that it is far better to quit
smoking9 21 31-34 to reduce symptoms.

In conclusion, women appear to have higher
chronic bronchitis rates in the high tar group
compared to the low tar group after controlling for
the number of cigarettes smoked per day, the
number of years of smoking, and social class, and
they consume more carbon monoxide and nicotine
in the higher tar groups. Chronic bronchitis rates
among men showed no relationship to the tar yield
of cigarettes smoked, with daily cigarette
consumption and biochemical measurements fairly
uniform across tar groups. The reason for the
difference between men and women in this respect
remain unclear. It may be that the multiple logistic
models compensate inadequately for the
confounding factors which are present in women
but not in men. On the other hand, the larger
population ofwomen in the low tar group compared
with men enables a true but weak effect to be
demonstrated. Daily cigarette consumption and the
number of years smoked are much stronger risk
factors for chronic bronchitis for both men and
women than te tar yield of the cigarette smoked.
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