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SUMMARY Twenty-five years ago, cigarette smokers in the United Kingdom smoked plain
cigarettes with an average tar yield of probably about 35 mg. Now smokers predominantly smoke
filter cigarettes and average tar yields have been reduced by half. Epidemiological evidence
comparing mortality in smokers of differing types of cigarettes is reviewed. Compared with
smokers of higher tar plain cigarettes, smokers of lower tar filter cigarettes have a reduced
mortality for lung cancer, for cancer of the buccal cavity, pharynx, larynx, oesophagus, and bladder,
for chronic bronchitis and emphysema, and for cirrhosis of the liver. They also have a slightly
reduced mortality for coronary heart disease and stroke. Not all these differences are statistically
significant. Problems of interpretation and limitations of the available evidence are discussed. No
worthwhile evidence is yet available on smokers of 'low tar' (0-10 mg) cigarettes and data are

sparse on lifetime smokers of filter cigarettes. Continuing research is important to understand the
situation fully, but the trends for lower mortality to be associated with lower tar and nicotine levels
are promising.

The association between cigarette smoking and
carcinoma of the lung was first clearly demonstrated
by Doll and Hill in 1950.1 Since then, evidence has
accumulated and cigarette smoking has now been
associated with mortality from coronary heart
disease, chronic bronchitis, cancers of other sites, and
a number of other diseases.aa

Since 1950, there have been marked changes in the
type of cigarette commonly smoked in many Western
countries. In the United Kingdom, in 1955, virtually
all smokers smoked plain cigarettes which probably
had tar yields of about 35 mg a cigarette.4 Ten years
later half of the smokers were using cigarettes which
had filters, but filters which were inefficient and
reduced tar yields only slightly. Subsequently, the use
of filters increased and filter efficiency improved, so
that by 1975 the majority of smokers smoked
cigarettes with tar yields about half that of the
average old plain cigarette (Table 1). In recent years,
a third change has started to occur, with over 10% of
smokers now smoking cigarettes with a tar yield of 10
mg or less. This trend, high tar* plain - high tar filter

*Unless otherwise stated, we use the tar grouping as defined
for United Kingdom Department of Health and Social
Security league tables: high (29 mg+), middle to high
(23-28 mg), middle (17-22 mg), low to middle (11-16 mg),
and low (0-10 mg).

Table 1 Changes in type of cigarette sold, UK, 1955-77

Market share (%) Mean tar (mglcig)

Year Plain Filter 'Low tar' Plain Filter AM brands

1955 98-1 1-9 - No data No data No data
1960 84-2 15-8 - No data No data No data
1965 47-0 53-0 - 35-0 29-3 31-4
1970 21-7 78-3 - 29-6 20-6 22 5
1972 18-3 81-7 - 27-8 18-9 20-5
1975 13-4 86-6 4-8 24-8 16-9 17-9
1977 10 0 90-0 12-4 24-7 16-5 17-3

Data from Lees5 and supplements; data for low tar (0-10 mg/cig) market share
from Tar Data Aggregation Scheme.

-- middle tar filter -- low tar filter, has been repeated
in a number of other countries but with differing time
scales. Evidence summarised by Weber5 shows that
these changes have tended to occur earlier in
the United States of America, Germany, and
Switzerland, than in the United Kingdom and later in
France.
A general reduction in the average nicotine yield of

cigarettes smoked has been associated with these tar
reductions, since tar and nicotine yields of brands are
generally quite closely correlated. Direct evidence on
long-term trends in carbon monoxide yields is not
available but it is probable, at least in the United
Kingdom, that an increasing use of high porosity
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Mortality and type of cigarette

paper in cigarettes has led to current cigarettes
having rather lower CO yields than older cigarettes.
Until recently, high porosity paper has been used
more in plain cigarettes than in filter cigarettes, which
may explain why Wald' observed higher average CO
yields in a sample of United Kingdom filter cigarettes
than in a sample of plain cigarettes.

In view of the association between mortality and
cigarette smoking, it is of obvious importance to
know whether this association is weaker for the more
modem types of cigarette than for the old high tar
plain cigarette. It is the object of this paper to review
the evidence and to present some new data from the
American Cancer Society's prospective study and
from the British samples of the study of migrants in
Great Britain, Norway, and the USA.

EPIDEMIOLOGICAL DATA AVAILABLE

Relevant epidemiological studies for which results
are available are summarised in Table 2
(prospective) and Table 3 (retrospective). With two
exceptions, the relatively small hospital study of
Koch' and the case-control study by Kunze,8 all the
studies listed are based on American or United
Kingdom samples. The majority of the studies
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compare smokers of plain and filter cigarettes; but
the American Cancer Society study of Hammond et
al9 compared smokers by tar and nicotine level of
brand smoked. For the first six-year period of the
study (1960-66), 'high T/N' was defined as more

than 2-0 mg nicotine and 25-8 mg tar, 'low T/N' as

less than 1-2 mg nicotine and less than 17'6 mg tar,
and 'medium T/N' as intermediate. For the second six
years of this study (1966-72), the definition of low
T/N was the same but the high T/N category had to be
lowered somewhat because of changes in the product
over the previous six years.
One pathological study is also of relevance to this

review. Auerbach et al° compared histological
changes in the bronchial epithelium of 211 men dying
and coming to necropsy in New Jersey in 1955-60
with those of 234 similar men dying in 1970-77.

In Tables 4, 5, 6, 7, and 8 the mortality ratios take
the mortality of smokers of plain cigarettes as the
denominator. In the American Cancer Society data,
the denominators are smokers of brands of cigarettes
with relatively high tar and nicotine (T/N). Numbers
of deaths shown in the Tables are the combined
numbers of deaths in the two groups of smokers being
compared; deaths in the American Cancer Society

Table 2 Prospective epidemiological studies relating mortality to type of cigarette smoked

INITIAL QUESTIONNAIRE FOLLOW-UP
Study (refs) Sample Date Sample size Period Reinterviews No of deaths

American Cancer Society: Subjects in 25 States of 1959-60 Over 1 000 000 12 years Annual follow-up 'Adjusted' no. of
Hammond America and requestioning 13 027 deaths analysed

four times.

Hawthorne" 45-64-year-olds 1968-75 18 786 Until 1977 None 925
attending multiphasic
screening in Scotland

Migrants" British population: 1964-65 17 696 Until 1977 None 3170
random sample plus
sample of siblings of
UK migrants to USA

Table 3 Retrospective epidemiological studies relating mortality to type of cigarette smoked

No. of No. of
Study (refs) Sample and type ofstudy Diseases studied cases controls

Doll and Hill'4 Hospital matched case-control study: England 1948-52 Lung cancer 1465 1465

Dean" Case data referable to decedents in north-east Lung cancer, coronary heart 2370 5521
England 196672 obtained from relatives; disease, chronic bronchitis
control data from living population in same area and stroke

Bross and Gibson" Hospital matched case-control study: USA 1960-66 Lung cancer 974 974

Koch' Hospital case-control study: Germany 1974 Peripheral arterial 236 154
occlusive disease

Wynder" 13 14 Two hospital matched case-control studies: Lung cancer, larynx
USA 1966 onwards cancer and peripheral

vascular disease

Kunze' Hospital case-control study: Austria 1976-79 Lung cancer 684 1156
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18 P. N. Lee and L. Garfinkel

Table 4 Relative all-causes mortality by type of cigarette smoked

MEN WOMEN

Relatve Relative
Study (refs) Comparison Deaths* mortality p Deaths* mortality p

Hammond' 1960-66 Low v high T/N 3 021 0 89 <0 00001 2338 0 84 <0 00001
Med v high T/N 10083 0.91 <0 00001 3266 0 89 <0 001

Hammond' 1966-72 Low v high T/N 1 774 0 82 <0 00001 1845 0 83 <0 00001
Med v high T/N 8 153 0.97 NS 2721 0 87 <0 00001

Hawthorne"l Filter v plain 507 1-02 NS - - -

Migrants" Filter v plain 650 0 90 NS 292 0 83 NS

*Deaths in Hammond study are 'adjusted' deaths.

Table 5 Relative lung cancer mortality by type of cigarette smoked

MEN WOMEN

Deathsl Relatve Deaths/ Relatve
Study (refs) Comparison cases mortality p cases mortality p

(a) Prospectve
Hammond' 1960-66 Low v high T/N 229 0 82 NS 76 0 57 <0 02

Med v high T/N 843 0 95 NS 119 0 88 NS

Hammond' 1966-72 Low v high T/N 162 0 80 NS 94 0-63 <0 02
Med v high T/N 784 0 94 NS 150 0.74 0.05

Hawthorne" Filter v plain 80 0 84 NS - - -

Migrants" Filter v plain 99 1 12 NS 21 0 98 NS

(b) Retrospectve
Dean"' Filter v plain 332 0-54 <0.001 101 0 68 NS

Bross and Gibson" Filter v plain 265 0-59 <0 01 - -

Wynderl' 1970 Filter v plain 157 0 55 <0.01 - -

Wynder"' 1979 Filter v plain 293 0-76 <0 05 63 0-75 NS

Table 6 Relative mortality for various sites of cancer by type of cigarette smoked: American Cancer Society Study
MEN WOMEN

Adj. no. Relatve Adj. no. Relatve
Site Comparison of deaths mortality p of deaths mortality p

Lung Low v high T/N 391 0 82 <0 02 170 0 60 <0.001
Med v high T/N 1628 0 94 NS 269 0 80 <0 05

Buccal cavity, pharynx Low v high T/N 34 0 56 NS 27 0 50 NS
Med v high T/N 133 069 <0.05 38 052 <005

Oesophagus Low v high T/N 24 0-88 NS 16 0 32 <0.05
Med v high T/N 92 0-89 NS 32 0-65 NS

Larynx Low v high T/N 11 0 30 NS 3 - -
Med v high T/N 56 0.67 NS 8 0 68 NS

Bladder Low v high T/N 33 0 70 NS 21 0 41 <0 05
Med v high T/N 147 0 78 NS 34 0.58 NS

Pancreas Low v high T/N 72 0.91 NS 69 0 95 NS
Med v high T/N 275 0 89 NS 102 1 10 NS
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Table 7 Relative coronary heart disease mortality by type of cigarette smoked

MEN WOMEN

Deathsl Relative Deathsl Relative
Study (refs) Comparison cases mortality p cases mortality p

(a) Prospectve
Hammond' 1960-66 Low v high T/N 1408 0.94 NS 583 0-81 <0-01

Med v high T/N 4405 0-91 <0-01 828 0-87 <0 05

Hammond' 1966-72 Low v high T/N 632 0-81 <0-01 484 0-81 <0-02
Med v high T/N 3017 1-02 NS 720 0-88 <0 05

Hawthorne" Filter v plain 228 ;-05 NS - - -

Migrants" Filter v plain 253 0-84 NS 76 0.91 NS

(b) Retrospective
Dean" Filter v plain 263 is 75 <0-1 - - -

Table 8 Relative mortality for other sites associated with smoking by type ofcigarette smoked: American Cancer Society
Study

MEN WOMEN

Adj. no. Relative Adj. no. Relative
Site Comparison of deaths mortality p of deaths mortality p

Coronary heart disease Low v high T/N 2040 0-90 <0-01 1067 0-81 <0-001
Med v high T/N 7422 0-96 <0 05 1548 0-87 <0-01

Stroke Low v high T/N 336 0-71 <0-001 440 0-98 NS
Med v high T/N 1348 0-92 NS 629 0-97 NS

Aortic aneurysm Low v high T/N 104 0-96 NS 39 0-74 NS
Med v high T/N 381 0-98 NS 64 1-01 NS

Emphysema Low v high T/N 107 0-78 NS 43 0-59 NS
Med v high T/N 462 0-97 NS 72 0-86 NS

Cirrhosis of liver Low v high T/N 82 0-49 <0-01 74 0-44 <0-001
Med v high T/N 323 0-68 <0.01 141 0-90 NS

Gastrointestinal ulcer Low v high T/N 30 1-28 NS 27 0 77 NS
Med v high T/N 102 0-81 NS 32 0-55 NS

study are 'adjusted deaths' as defined by Hammond.9
In this study, variances were computed for each of the
individual matched groups and summed over all
groups. The summed variances were used to compute
probability levels for differences in adjusted numbers
of deaths for high vs. medium T/N and high vs. low

T/N smokers. In all studies comparisons not
statistically significant (NS) are defined as p >0*05.

Mortality ratios in the Hammond study are based
on analyses matching for age, race, number of
cigarettes a day, age of starting to smoke, place of
residence, occupational exposure to five variables,
education and history of lung cancer or heart disease.
For the coronary heart disease analysis, nine
additional relevant variables were matched. Those in
the Bross and Gibson"1 and Wynder12 13 14 studies are

matched for age and hospital admission date; those in
the Hawthorne15 and Dean"6 studies are standardised
for age and number smoked, and those in the

migrants study"7 for age, number smoked, inhalation,
and age of starting. In Wynder's studies, filter implies
filter cigarettes smoked for at least 10 years.

Before examining the evidence from these
epidemiological and pathological studies, it is worth
looking briefly at the limitations of such data and the
problems of interpreting them.

LIMITATIONS AND PROBLEMS OF
INTERPRETATION

(1) None of the studies carried out give any useful
information on lifetime smoking of any type of
cigarette other than the old plain variety, and even
for these brands, the T/N has been drastically
reduced over the years. Similarly, those people
studied who claim always to have smoked filter
cigarettes are likely to have reduced their tar yield,
because virtually all filter cigarettes have had
reduced tar yields over the last 15-20 years. The

Mortality and type of cigarette 19
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association between lung cancer and age of starting to
smoke18 9l suggests that smoking early in life may be
of importance, and, therefore, that without studies of
lifetime smoking of one type of cigarette which did
not vary in T/N yield, the magnitude of the
association cannot be fully established.

(2) None of the studies give any information on
low tar cigarettes as defined above. The studies
summarised here are, at best, comparisons of
smokers who have continued to use high tar plain
cigarettes (and even these have changed over time)
with those who have switched to what we now classify
as low to middle or middle tar filter cigarettes.

(3) Particular types of study designs are likely to
impart bias in different ways. Prospective studies may
be biased because some smokers observed to be plain
cigarette smokers when interviewed will actually
have switched to filter cigarettes before the end of the
follow-up period, and retrospective studies,
especially where information is obtained
second-hand from relatives, are subject to memory
bias.

(4) Smokers of plain cigarettes tend to be older
and of lower social class, to be worse educated, to
have less skilled jobs with more industrial exposure,
to drink beer relatively more often, and coffee,
spirits, and wine relatively less often, than those who
smoke filter cigarettes. 120 They also tend to smoke
more cigarettes, to inhale more deeply, and to have
started smoking earlier.21 One statistical method of
dealing with such complications is to standardise for
the variables that differ. But, from a public health
point of view, a reduced health association for each
cigarette is not much use if the typical smoker, on
switching to filters, smokes more cigarettes and
inhales them harder. Therefore, in retrospective
studies there is some danger in standardising for the
number of cigarettes currently smoked or depth of
inhalation. If one is able to standardise for these
variables measured at an earlier time when current
smokers of filter and plain cigarettes were both
smoking the same cigarette, this would be a better
procedure. There is evidence, however, that in the
long run cigarette smokers who switch to reduced
T/N increase the number smoked a day to at most a
very minor extent.22

(5) Finally, health at time of switching should be
taken into account. If smokers switch to filter
cigarettes because they are suffering from symptoms
of smoking-associated diseases, a biased picture will
be obtained. On the other hand, smokers who smoke
cigarettes with reduced T/N may quit smoking at a
higher rate than those who smoke higher T/N
cigarettes.23

P. N. Lee and L. Garfinkel

Results

OVERALL MORTALITY
In Table 4 the results from the three prospective
studies are summarised. Hammond' presented data
for two periods of time for each sex. Since the trend of
the ratios for each of the four groups was consistent,
he combined all groups to show that smokers of
'medium T/N' cigarettes had 9% lower mortality
rates and smokers of 'low T/N' cigarettes had 16%
lower mortality rates than had smokers of 'high T/N'
cigarettes. The differences between high and low T/N
groups, and high and medium T/N groups, shown in
Table 4 (except for one comparison) are highly
statistically significant. In the migrants study, both
men and women smokers of filter cigarettes had
lower mortality than smokers of plain cigarettes, but
the differences were not statistically significant.
When both sexes were combined, there was a 13%
lower mortality (p <0.05). No difference between
filter and plain cigarette smokers was seen in the
Hawthorne study.12

LUNG CANCER
The earliest evidence that filter and plain cigarettes
had different intensities of associations with lung
cancer came from the Doll and Hill hospital study.'
Although only three cases and 15 controls reported
ever having smoked filter cigarettes regularly, a
significant filter: plain mortality ratio of 0O 18 (95%
confidence limits of 0-0640J59) was observed. The
small group of people who used filter cigarettes may
have been unusual in some other way-Doll and Hill
pointed out that the small group who used filter
cigarettes were predominantly light smokers but said
there were insufficient data to standardise for this
and thus there was a need for caution in
interpretation.

Subsequent evidence is summarised in Table 5. In
the retrospective studies, men smokers of filter
cigarettes had a reduced risk of lung cancer compared
with smokers of plain cigarettes and, in many cases,
the reduction was statistically significant and
substantial. In women, the differences were not
statistically significant. In the American Cancer
Society study, the mortality for low and medium T/N
men smokers was less than for high T/N smokers, but
the differences were not statistically significant.
Differences among women were larger and three of
the four comparisons were statistically significant.
Overall, the results suggest that smokers of filter
cigarettes may have lung cancer rates about 25%
lower than smokers of plain cigarettes. The combined
data from the American Cancer Society study shows
low T/N smokers with 26% lower lung cancer
mortality than high T/N smokers.
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Mortality and type of cigarette

The Dean study'" showed that lung cancer rates
tended to be lower for those who had smoked filter
cigarettes longer. Compared with men who were
reported to smoke plain cigarettes in 1954, 1964,
and 1969, those who smoked plain cigarettes in 1954
and 1964 but filter in 1969 had 42% less risk; those
who smoked plain in 1954 but filter in 1964 and
1969 had 57% less risk; and those who always
smoked filter had 61% less risk. Results for women
were similar. This study also showed that having first
standardised for age, standardising for other
cofactors scarcely affected the filter: plain mortality
ratio.

Kunze8 computed scores for lung cancer cases and
controls based on the product of the number of
cigarettes smoked a day, number of years smoked,
and T/N level for each brand. He found that those
with tar exposure scores of 5000 or more had nearly
four times the relative risk of lung cancer of those
with scores of less than 500.

Auerbach's pathological study"0 showed that the
degree of pathological changes seen in subjects dying
in 1955-60 who smoked 1-19 cigarettes a day was
remarkably similar to that in subjects dying in
1970-77 who smoked 40+ cigarettes a day. If the
lesions studied by Auerbach (basal cell hyperplasia,
absence of cilia, presence of atypical nuclei) have a
direct relationship to lung cancer, one old cigarette
would seem to be equivalent to perhaps three or four
modern cigarettes.
OTHER CANCERS

Table 6 gives new data from the American Cancer
Society's study on cancer of the buccal cavity and
pharynx, oesophagus, larynx, bladder, and pancreas,
for both periods combined, by sex. All of these sites
of cancer have been associated with smoking to some
degree. Lung cancer mortality ratios by sex for both
periods combined are also shown in the Table.
Except for lung cancer, the mortality ratios shown in
Table 6 are based upon small numbers of adjusted
deaths in each cell and only a few of the comparisons
are statistically significant. However, for lung cancer
and the other cancers, except cancer of the pancreas,
smokers of low T/N cigarettes had the lowest risk and
smokers of medium T/N cigarettes had an
intermediate risk. Wynder" also showed a
substantially reduced risk of larynx cancer in smokers
of filter cigarettes.

HEART DISEASE
Table 7 summarises data available on coronary heart
disease. Overall, there is an impression of a small
decrease for smokers of filter or low T/N cigarettes,
although the trend is not completely consistent in
each time period and sex group in the American
Cancer Society study. The difference in risk in the

21

Dean study20 is more marked when long-term filter
smokers are compared with long-term plain smokers.
Filter: plain mortality ratios in the Dean study were
also calculated for separate age groups. The ratios
found (35-44-year-olds=0-34; 45-54=067;
55-64=0.94) are consistent with there being a larger
difference in the age groups where the association
with smoking is strongest.

OTHER DISEASES
Table 8 shows new data from the American Cancer
Society for several other diseases associated with
smoking, for both periods combined, by sex.
Coronary heart disease mortality ratios by sex for
both periods combined are also shown in this Table.

Coronary heart disease showed slightly lower
mortality ratios for medium T/N smokers in both
men and women. All the differences shown for
coronary heart disease were statistically significant.
The difference in male stroke mortality between low
and high T/N smokers was also statistically
significant; the mortality ratio (0.71) was similar to
the filter: plain mortality ratio seen in the migrants
study (0.66; p <0.05) and in the Dean study (0-68;
NS). There were no differences in stroke mortality in
women. The mortality ratios for aortic aneurysm
were based upon much lower numbers of adjusted
deaths and showed no consistent trend for more
favourable mortality in medium and low T/N
smokers. Koch7 and Wynder'3 have presented
preliminary data suggesting a lower risk of peripheral
arterial disease in filter compared with plain cigarette
smokers.
The reduced risk for cirrhosis of the liver is large

and consistent in both sexes. The differences are
statistically significant in three of the four
comparisons.
The relative mortality for emphysema was

consistently lower in low and medium T/N smokers.
For low T/N smokers, it was 0-78 in men and 0-59 in
women. Dean" showed a relative risk of 0-66 for
chronic bronchitis for men and 0-42 for women in
filter compared with plain cigarette smokers,
reductions which were statistically significant
(p <0 05 and p <0 01 respectively).
There were only a small number of adjusted deaths

from gastrointestinal ulcer with no consistent
pattern.

Conclusions

Any study comparing risks in smokers of differing
cigarette types is open to the problems of
interpretation mentioned earlier. Marked
differences between the studies considered, in type of
study carried out, in sample size, in the statistical
analysis, in reference period time of the study, in the
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population, and in the type of comparisons, make it
remarkable that any picture should appear at all.
However, our impression is that a reasonably clear
picture has emerged. This is that smokers of filter (or
low T/N) cigarettes have a lower mortality than
smokers of plain (or high T/N) cigarettes for those
diseases most strongly associated with smoking and a

slightly reduced mortality for those diseases less
associated with smoking.
These reductions in mortality have been seen in

those who have smoked the more modern types of
cigarettes for only a relatively small part of their
smoking lives. The fact that those who have smoked
them for a longer time show even greater reductions
in mortality suggests that the overall picture will
improve even more in years to come, especially since
further reductions in the average tar level of
cigarettes have occurred. We have no evidence on the
risk run by the smokers smoking brands in the 8-10
mg range, and the research which is continuing on

risk by type of cigarette smoked is of vital
importance. One of these is Wynder's continuing
study in 13 hospitals in the USA. Another is
Alderson's English hospital study of lung cancer,

chronic bronchitis, ischaemic heart disease, and
stroke. The third is Wald's study of people attending
the BUPA clinic in London for routine health
examinations. Other groups may also be collecting
data on the subject.

We thank G. A. Rose for permission to quote
unpublished findings from the migrants study and
also R. Peto, N. Wald, and M. R. Alderson for their
helpful comments on earlier drafts of this paper.

Reprints from Mr. P. N. Lee, 25 Cedar Road, Sutton,
Surrey SM2 5DG.
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