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Cigarette tar yields in relation to mortality from lung cancer in the
cancer prevention study II prospective cohort, 1982-8
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Abstract

Objective To assess the risk of lung cancer in smokers of
medium tar filter cigarettes compared with smokers of low tar
and very low tar filter cigarettes.

Design Analysis of the association between the tar rating of the
brand of cigarette smoked in 1982 and mortality from lung
cancer over the next six years. Multivariate proportional
hazards analyses used to assess hazard ratios, with adjustment
for age at enrolment, race, educational level, marital status, blue
collar employment, occupational exposure to asbestos, intake of
vegetables, citrus fruits, and vitamins, and, in analyses of current
and former smokers, for age when they started to smoke and
number of cigarettes smoked per day.

Setting Cancer prevention study II (CPS-II).

Participants 364 239 men and 576 535 women, aged =30
years, who had either never smoked, were former smokers, or
were currently smoking a specific brand of cigarette when they
were enrolled in the cancer prevention study.

Main outcome measure Death from primary cancer of the
lung among participants who had never smoked, former
smokers, smokers of very low tar (<7 mg tar/cigarette) filter,
low tar (8-14 mg) filter, high tar (=22 mg) non-filter brands and
medium tar conventional filter brands (15-21 mg).

Results Irrespective of the tar level of their current brand, all
current smokers had a far greater risk of lung cancer than
people who had stopped smoking or had never smoked.
Compared with smokers of medium tar (15-21 mg) filter
cigarettes, risk was higher among men and women who smoked
high tar (=22 mg) non-filter brands (hazard ratio 1.44, 95%
confidence interval 1.20 to 1.73, and 1.64, 1.26 to 2.15,
respectively). There was no difference in risk among men who
smoked brands rated as very low tar (1.17, 0.95 to 1.45) or low
tar (1.02, 0.90 to 1.16) compared with those who smoked
medium tar brands. The same was seen for women (0.98, 0.80
to 1.21,and 0.95, 0.82 to 1.11, respectively).

Conclusion The increase in lung cancer risk is similar in
people who smoke medium tar cigarettes (15-21 mg), low tar
cigarettes (8-14 mg), or very low tar cigarettes (<7 mg). Men
and women who smoke non-filtered cigarettes with tar ratings
>22 mg have an even higher risk of lung cancer.

Introduction

During the past 50 years, changes in the design and manufacture
of cigarettes have markedly reduced their machine measured
“tar” yields.' * The introduction of cellulose acetate filters in the
1950s, and subsequently more porous cigarette papers, reduced
the average tar rating per cigarette in the United States from
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about 37 mg in 1950 to 22 mg in 1967." The introduction of air
ventilation holes in the filter tip in the late 1960s and expanded
tobacco in the 1970s permitted manufacturers to market low tar
(generally in the range of 8-14 mg per cigarette) and very low tar
cigarettes (<7 mg per cigarette). Concomitantly, the US average
tar level per cigarette, as rated by the US Federal Trade Commis-
sion (FTC), declined to about 13 mg by 1990." Similar trends in
standardised tar yields have been reported in the United
Kingdom® ' and other countries.

While many case-control and cohort studies have examined
risk of lung cancer in relation to type of cigarette smoked,”™
nearly all have compared the risks of smoking high tar non-filter
brands with smoking medium tar filter brands,” """ or to the cor-
responding ranges of tar yield.”"” ™ The three case-control
studies that have included participants who smoked low tar
brands'' " yielded negative or equivocal results, but the observa-
tion periods for these studies ended in 1980-1, when the
combined market share of low tar and very low tar cigarettes in
the United States had exceeded 10% for only five or six years.”' In
most epidemiological studies,” ® '** 12 % #2052 the observation
period ended before 1986, when the market share in the United
States had exceeded 10% for only a decade.” Thus no large, long
term prospective study has specifically compared the risk of lung
cancer in smokers of medium tar filter cigarettes with that in
smokers of low tar and very low tar filter cigarettes.

We analysed the relation between the tar rating of the brand
of cigarette smoked in 1982 and mortality from lung cancer over
six years among men and women in the cancer prevention study
II (CPS-II), a nationwide prospective cohort of over one million
US adults aged 30 years or older. We specifically compared the
risk of lung cancer among smokers of very low tar (< 7 mg) filter,
low tar (8-14 mg) filter, or high tar (=22 mg) non-filter brands
with the risk among those who smoke conventional medium tar
(15-21 mg) filter brands.

Methods

Details of the cancer prevention study, initiated by the American
Cancer Society (ACS) in 1982, have been published
elsewhere.”™ From the cohort of 508 318 men and 676 270
women, we excluded those who reported a history of cancer
other than non-melanoma skin cancer; men who ever smoked
pipes or cigars or chewed tobacco; and men and women whose
current smoking status could not be ascertained. The resulting
cohort comprised 364 239 men and 576 535 women. The
outcome measure was death from cancer of the trachea,
bronchus, or lung as the underlying cause, coded from the death
certificate. During the six year follow up, 2622 men and 1406
women died from these cancers.
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On the basis of brand name reported by each current smoker
at enrolment, as well as the size (regular, king size, 100 mm, 120
mm), presence or absence of menthol and of a filter, we assigned
a tar rating from the Federal Trade Commission tables for
December 1981.” * We then grouped current brand tar ratings
into very low tar (<7 mg), low tar (8-14 mg), medium tar (15-21
mg), and high tar (=22 mg). Unspecified current brands, as well
as those current brands that could not otherwise be classified,
were considered as a separate category. All brands in the very low
and low tar ranges, as well as 99% of brands in the medium
range, were filter cigarettes. Those in the high tar range were
exclusively non-filter cigarettes.

The American Cancer Society did not collect information on
changes in smoking behaviour during follow up of the entire
cancer prevention study-II cohort. We therefore restricted our
mortality follow up to six years (1982-8) to reduce possible mis-
classification of exposure due to quitting or brand switching dur-
ing longer follow up. However, we were able to assess changes in
the smoking status of 14523 men and 15509 women who
reported current smoking at enrolment in the initial CPS-II
cohort in 1982 and were also enrolled in the subsequent CPS-II
nutrition cohort in 1992.*° For this subgroup, we computed the
proportions of current smokers in each tar category in 1982 who
had quit smoking 10 years later.

We used Cox proportional hazards methods” to estimate
hazard ratios and 95% confidence intervals of mortality from
lung cancer in people who had never smoked, former smokers,
and current smokers of very low, low, and high tar brands, relative
to smokers of brands with tar ratings of 15-21 mg (medium tar).
Former smokers were stratified into those who had quit aged

60

<35 years, aged 35-54 years, and aged =55 years. All statistical
analyses were performed separately for men and women.

In our proportional hazards analyses of mortality from lung
cancer among current, former, and never smokers we adjusted
for multiple covariates that reflected possible differences in par-
ticipants’ demographics, dietary practices, occupational expo-
sures, or medical histories. Demographic covariates included
exact age at enrolment, race, education, and marital status.
Dietary covariates included intake of vegetables, citrus fruits, and
vitamins A, G, and E. Occupational covariates included whether
the most recent job was blue collar (such as car mechanics and
construction workers) and whether the participant had been
employed in an occupation with high asbestos exposure (such as
pipe fitters and shipyard workers) for > 10 years. Other indicator
variables were a history of chronic bronchitis, emphysema, heart
disease, stroke, and diabetes and self report of being currently
sick, taking heart drugs, or pain in the legs during walking that
went away with rest. All covariates except exact age at enrolment
were modeled as categorical variables, where missing values were
coded as separate categories.

Excluding participants who had never smoked, we further
performed multivariate proportional hazards analyses of current
and former smokers that adjusted not only for demographic,
dietary, occupational, and medical history covariates but also for
age when they began smoking and the average number of ciga-
rettes smoked a day.

Finally, in a series of sensitivity analyses of current smokers
only, we restricted our analysis to people who had smoked their
current brand for a minimum of 5 or 10 years; excluded smokers
with a history of emphysema; excluded participants who

Table 1 Characteristics of men who currently smoked, according to tar level of cigarettes smoked in 1982

Tar level (mg)

0-7 8-14 15-21 >22 Unclassified
No of participants 6243 27 044 38 527 6439 22 615
White (%) 96.0 94.5 90.8 91.9 89.9
Educated to <high school (%) 28.1 38.5 45.7 51.4 41.8
Married (%) 93.0 92.8 91.5 91.7 90.9
Most recent/current job—blue collar (%) 213 275 32.8 36.3 28.8
Vitamin use:
A (%) 9.4 6.4 5.7 47 6.8
E (%) 18.4 14.0 12.2 10.1 13.6
C (%) 26.2 20.3 171 13.9 19.0
Mean servings of vegetables and citrus fruit a week 26.5 26.0 25.7 25.0 25.1
Occupational exposure to asbestos (%) 8.8 10.9 13.1 15.9 1.7
Mean years of smoking current brand 45 79 141 25.5 124
Cigarettes smoked a day (%):
1-9 6.3 7.8 8.7 6.2 12.7
10-19 12.0 13.4 14.4 134 15.7
20 23.2 276 30.5 32.7 28.0
21-39 25.8 25.1 23.0 23.8 19.8
40 20.7 18.2 16.2 16.7 14.9
>4 10.7 6.7 5.5 5.6 5.1
Mean 28.7 26.2 25.0 25.7 23.6
Age (years) when started smoking (%):
<16 229 251 28.1 32.0 245
16-17 24.8 25.4 25.5 27.0 23.7
18-20 31.0 295 277 25.7 27.9
>21 19.6 17.8 16.0 12.3 19.0
Mean 18.1 17.8 17.5 16.8 18.0
CPS-II nutrition cohort :
No of participants 1031 4119 5468 944 2 961
Quit smoking by 1992 (%)* 57.9 59.7 55.3 50.0 59.0

*For those former smokers in CPS-II nutrition cohort who had reported the age at which they quit, their mean computed year of smoking cessation was 1987 irrespective of the tar level of the

brand smoked in 1982.
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Table 2 Characteristics of women who currently smoked, according to tar level of cigarettes smoked in 1982

Tar level (mg)

0-7 8-14 15-21 >22 Unclassified
No of participants 15 524 48 821 44124 4079 11722
White (%) 96.1 92.6 90.7 91.5 87.7
Educated to <high school (%) 35.8 43.1 48.4 54.6 46.9
Married (%) 75.6 73.9 72.6 70.1 70.0
Most recent/current job—blue collar (%) 71 9.2 10.5 1.8 105
Vitamin use:
A (%) 9.9 8.1 73 6.2 8.4
E (%) 22.6 18.3 15.9 13.3 17.9
C (%) 31.6 25.9 22.4 18.9 24.4
Mean servings of vegetables and citrus fruit a week 29.8 291 28.9 28.4 284
Occupational exposure to ashestos (%) 1.3 1.6 2.0 2.7 1.7
Mean years of smoking current brand 42 6.8 10.8 23.3 71
Cigarettes smoked a day (%):
1-9 10.9 14.8 15 9.9 19.6
10-19 20.2 22.9 23 23.2 20.7
20 315 32.1 33 36.5 26.8
21-39 19.2 15.8 14.7 15.5 10.9
40 115 8.4 8.3 7.8 6.3
>4 2.7 17 16 14 15
Mean 21.9 19.7 19.5 20.3 17.8
Age (years) when started smoking (%):
<16 9.4 10.9 124 17.6 9.5
16-17 19.0 19.5 20.5 23.9 16.7
18-20 36.8 35.8 34.4 32.9 31.9
>21 33.2 32.1 30.9 23.7 33.6
Mean 20.7 20.6 20.4 19.0 21.3
CPS-II nutrition cohort :
No of participants 2226 6 295 5330 435 1223
Quit smoking by 1992 (%)* 56.9 535 51.2 34.9 55.6

*For those former smokers in CPS-II nutrition cohort who had reported the age at which they quit, their mean computed year of smoking cessation was 1987 irrespective of the tar level of the

brand smoked in 1982.

reported any smoking related condition (emphysema, chronic
bronchitis, heart disease, use of heart drugs, stroke, diabetes,
claudication, currently sick); varied the definition of the tar
categories to include 8 mg tar brands in the very low tar category
and 15 mg brands in the low tar category; and estimated hazard
ratios without controlling for the average number of cigarettes
smoked a day. The latter analysis examined the view®' that a study
of risk of lung cancer in relation to type of cigarette smoked
should exclude number of cigarettes smoked a day as a covariate
because smokers of lower tar and nicotine brands may compen-
sate by smoking more cigarettes a day.
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Fig 1 Hazard ratios for lung cancer in men, 1982-8, by smoking status and tar
yield of brand smoked, relative to current smokers of brands with tar ratings
15-21 mg

Results

Tables 1 and 2 show descriptive characteristics of the cohorts of
100 868 men and 124 270 women who were current smokers at
enrolment. Tables 3 and 4 show the corresponding data for the
cohorts of 263 371 men and 452 265 women who never smoked
or who had quit smoking at enrolment. Smokers of brands with
medium or high tar ratings were more likely to be African
American; more likely to have attained no more than a high
school education; more likely to have a recent blue collar job or
a history of potential occupational asbestos exposure; and less
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Fig 2 Hazard ratios for lung cancer in women, 1982-8, by smoking status and
tar yield of brand smoked, relative to current smokers of brands with tar ratings
15-21 mg
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Table 3 Characteristics of men who had never smoked or were former smokers, according to age when they quit smoking

Age at quitting (years)

Never smoked <35 35-54 >55 Unknown
No of participants 121 784 36 768 79 543 24 025 1251
White (%) 93.5 95.4 95.5 95.8 87.7
Educated to <high school (%) 30.7 299 35.6 48.6 50.4
Married (%) 93.0 95.3 95.9 93.9 91.6
Most recent/current job—blue collar (%) 25.8 24.8 25.9 29.7 349
Vitamin use:
A (%) 8.6 85 76 6.5 6.9
E (%) 16.8 16.9 16.9 15.9 143
C (%) 248 24.9 22.9 19.9 18.1
Mean servings of vegetables and citrus fruit a week 26.3 26.9 27.0 26.7 25.3
Occupational exposure to asbestos (%) 8.3 9.2 10.2 129 13.3
Cigarettes smoked a day (%):
1-9 12.8 6.6 5.7 14.8
10-19 20.2 13.6 125 11.0
20 345 32.2 325 26.1
21-39 125 16.8 16.5 7.0
40 9.8 16.0 16.7 8.9
>41 5.2 11.2 10.4 45
Mean 215 27.2 27.4 21.3
Age (years) when started smoking (%):
<16 19.9 21.2 23.3 11.0
16-17 255 23.7 22.6 12.2
18-20 38.0 33.7 29.3 13.8
>21 15.8 20.5 22.9 11.9
Mean 17.7 18.2 18.5 20.6

likely to report use of vitamins A, C, and E than participants who
smoked lower tar brands, who never smoked, or who quit smok-
ing before age 35 years. Current smokers of very low tar
cigarettes (especially men) tended to smoke more cigarettes a
day. Moreover, among the subset of current smokers who were
re-enrolled in the CPS-II nutrition cohort, those men and

women who had smoked very low tar and low tar cigarettes in
1982 were more likely to have quit smoking by 1992.

Figures 1 and 2 show multivariate adjusted hazard ratios and
95% confidence intervals for never smokers, for former smokers
who had quit at various ages, and for current smokers of brands
with various tar ratings, relative to current smokers of brands

Table 4 Characteristics of women who had never smoked or were former smokers, according to age when they quit smoking

Age at quitting (years)

Never smoked <35 35-54 >55 Unknown
No of participants 326 826 47 067 59 804 16 815 1753
White (%) 92.7 95.4 94.8 95.6 88.7
Educated to <high school (%) 46.1 28.3 35.5 45.2 43.5
Married (%) 75.9 85.8 79.8 60.5 69.9
Most recent/current job—blue collar (%) 9.4 6.8 7.0 8.0 10.2
Vitamin use:
A (%) 9.0 10.8 10.5 8.4 10.9
E (%) 19.4 22.0 23.8 20.6 20.8
C (%) 26.3 31.2 31.4 274 28.3
Mean servings of vegetables and citrus fruit a week 28.9 29.9 30.6 30.2 294
Occupational exposure to asbestos (%) 1.8 0.9 1.3 241 2.4
Cigarettes smoked a day (%):
1-9 38.5 23.9 18.6 35.5
10-19 22.0 22.6 21.3 1.4
20 18.8 25.2 275 10.5
21-39 5.0 9.3 9.0 2.1
40 3.8 7.2 8.1 1.9
>41 15 3.4 32 19
Mean 13.1 17.8 19.0 1.7
Age (years) when started smoking (%):
<16 101 9.4 76 5.0
16-17 22.3 19.5 16.1 9.9
18-20 46.5 37.2 28.3 20.5
>21 20.1 325 445 22.0
Mean 18.7 20.6 23.2 221
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Table 5 Multivariate analyses of mortality from lung cancer of men who were current smokers, according to tar level of cigarette smoked in 1982*

No of participants

No of deaths

Hazard ratio (95% Cl)
Without cigarettes/day as covariate With cigarettes/day as covariate

Entire cohort

0-7 mg 6 243 103 1.17 (0.95t0 1.45) 1.11 (0.90t0 1.37)
8-14 mg 27 044 378 1.02 (0.90to 1.16) 1.00 (0.88t0 1.14)
15-21 mg 38 527 563 1.0 1.0

>22 mg 6 439 150 1.44 (1.20t01.73) 143 (1.19t0 1.71)
Unclassifiable 22 615 410 1.10 (0.97 to 1.25) 1.12 (0.98t0 1.27)
Excluding history of emphysema

0-7 mg 5 896 84 1.11 (0.88to 1.40) 1.05 (0.83t01.32)
8-14 mg 25 835 322 0.99 (0.86to0 1.14) 0.97 (0.85t01.12)
15-21 mg 36 832 495 1.0 1.0

>22 mg 6 089 135 1.48 (1.22t01.79) 1.46 (1.21t01.77)
Unclassifiable 21 579 373 1.13 (0.99to 1.30) 1.16 (1.01t01.32)
Excluding prevalent smoking related diseasest

0-7 mg 4026 47 1.04 (0.76t0 1.42) 0.97 (0.71101.32)
8-14 mg 17 527 181 0.95 (0.78t0 1.14) 0.93 (0.77t01.12)
15-21 mg 24 653 282 1.0 1.0

>22 mg 3967 69 1.38 (1.06 to 1.79) 1.36 (1.05101.77)
Unclassifiable 14 624 214 1.12 (0.93 t0 1.34) 1.15 (0.96 to 1.38)
Smoked current brand for >5 years

0-7 mg 2328 42 1.18 (0.86to 1.63) 1.09 (0.79to 1.50)
8-14 mg 16 362 238 1.04 (0.881t01.21) 1.02 (0.87to0 1.19)
15-21 mg 29 796 426 1.0 1.0

>22 mg 5777 131 1.47 (1.20t0 1.78) 1.45 (11910 1.77)
Unclassifiable 13 405 230 1.11 (0.94 to 1.30) 1.12 (0.95t0 1.31)
Smoked current brand for >10 years

0-7 mg 817 15 1.16 (0.69 to 1.96) 1.11 (0.66 to 1.86)
8-14 mg 9313 145 1.08 (0.891t01.32) 1.06 (0.88to 1.29)
15-21 mg 23775 339 1.0 1.0

>22 mg 5513 128 1.53 (1.25t01.88) 1.52 (1.24101.87)
Unclassifiable 9 881 173 1.13 (0.94 to 1.35) 1.14 (0.95t01.37)
8 mg in very low tar category

0-8 mg 11 441 173 1.11 (0.93t01.32) 1.07 (0.90to 1.27)
9-14 mg 21 846 308 1.02 (0.89t01.17) 1.00 (0.87t01.15)
15-21 mg 38 527 563 1.0 1.0

>22 mg 6 439 150 1.44 (1.20t01.73) 1.43 (1.19t0 1.71)
Unclassifiable 22 615 410 1.10 (0.97 to 1.25) 1.12 (0.98t0 1.27)
15 mg in low tar category

0-7 mg 6 243 103 117 (0.94 to 1.46) 1.11 (0.891t0 1.38)
8-15 mg 38 436 549 1.01 (0.89t0 1.15) 1.00 (0.881t0 1.14)
16-21 mg 27 135 392 1.0 1.0

>22 mg 6 439 150 1.44 (11910 1.74) 1.43 (1.18101.72)
Unclassifiable 22 615 410 1.09 (0.95to 1.26) 112 (0.97 t0 1.28)

*Covariates included age when started smoking (see tables 1-4); education (<high school graduate, some college or vocational school, college graduate or higher, missing); race (white,
non-white, missing); marital status (married, not married, missing); current or most recent job (blue collar, not blue collar, missing); weekly intake of vegetables and citrus fruits (categorised by
fifths, and missing); use of vitamin A, E, and C (<15 times/month, >15 times/month, missing); occupational asbestos exposure (exposed <10 years; =10 years); and, in right column, cigarettes

smoked/day (see tables 1-4).

tPrevalent smoking related diseases included emphysema, chronic bronchitis, heart disease or use of heart medication, stroke, diabetes, pain in legs, or sick at time of survey.

with 15-21 mg tar. Men and women who smoked very low tar
(<7 mg) and low tar (8-14 mg) brands had risks of lung cancer
indistinguishable from those who smoked medium tar (15-21
mg) brands (Wald test for homogeneity of strata® P=0.27 for
men, P=0.80 for women). The risk was higher in those who
smoked non-filter cigarettes and substantially lower in men (fig
1) and women (fig 2) who quit smoking. People who quit smok-
ing before age 35 years had risks of lung cancer approaching
those of people who had never smoked. Further adjustment for
age when people started to smoke and number of cigarettes
smoked a day showed nearly identical patterns in current and
former smokers to those shown in figures 1 and 2. For men the
adjusted figures were 0.06 (0.04 to 0.09) for those who quit aged
<35 years, 0.23 (0.20 to 0.27) for those who quit aged 35-54, and
0.63 (0.55 to 0.71) for those who quit aged >55. For women the
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corresponding figures were 0.09 (0.05 to 0.14), 0.26 (0.21 to
0.32), and 0.47 (0.38 to 0.59).

Among men who never smoked, 93 died from lung cancer.
Among men who quit smoking, 23 who quit aged <35 years,
344 who quit aged 35-54 years, and 540 who quit aged >55
years died from lung cancer. Among women who never smoked,
211 died from lung cancer. Among women who quit smoking,
16 who quit aged <35 years, 122 who quit aged 35-54 years, and
131 who quit aged >55 years died from lung cancer.

Tables 5 and 6 show multivariate sensitivity analyses in
current smokers that examine whether varying the exclusion cri-
teria or the boundaries of the very low tar and low tar categories
materially alter the results. In both men and women, the findings
were essentially unchanged when people with emphysema and
other diseases attributable to smoking were excluded, when the
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analyses were restricted to people who had smoked their current
brand for a minimum of 5 or 10 years, or when the boundaries
of the very low or low tar categories were altered slightly.

Discussion

While smokers of non-filter high tar cigarettes with tar ratings
>22 mg experienced the highest risk of lung cancer, we detected
no difference in risk among people who smoked medium tar
cigarettes (15-21 mg), low tar cigarettes (8-14 mg), or very low tar
cigarettes (<7 mg). This pattern persisted after we adjusted for
demographic characteristics, dietary habits, and occupational
and medical histories. Moreover, our results were robust in sensi-
tivity analyses that were restricted to people who had smoked
their current brand for a minimum of 10 years or excluded
smokers with emphysema and other smoking related diseases.

Similarly, the findings were essentially unchanged by minor vari-
ations in the boundaries of the low tar and very low tar categories
or by omission of the number of cigarettes smoked a day as a
covariate.

We observed the smoking habits of all participants only at
enrolment in 1982. However, based on a 13% subsample of par-
ticipants who were re-enrolled in the CPS-II nutrition cohort, we
found that men and women who smoked very low tar and low tar
cigarettes in 1982 were more likely to have quit smoking by
1992. Differential cessation during the six year follow up would
thus result in underestimation rather than overestimation of the
actual risk of lung cancer associated with smoking very low tar
and low tar cigarettes.

In keeping with previous reports,” the rate of deaths from
lung cancer in former smokers who had stopped smoking by age
35 approached that in those who had never smoked, and even

Table 6 Multivariate analyses of mortality from lung cancer of women who were current smokers, according to tar level of cigarette smoked in 1982*

No of participants

No of deaths

Hazard ratio (95% Cl)
Without cigarettes/day as covariate With cigarettes/day as covariate

Entire cohort

0-7 mg 15 524 120 0.98 (0.80to 1.21) 0.89 (0.72t0 1.10)
8-14 mg 48 821 336 0.95 (0.82t0 1.11) 0.94 (0.81t01.10)
15-21 mg 44124 329 1.0 1.0

>22 mg 4079 64 1.64 (1.26t0 2.15) 1.60 (1.22t0 2.09)
Unclassifiable 11722 73 0.72 (0.56 t0 0.93) 0.74 (0.57 to 0.96)
Excluding history of emphysema

0-7 mg 15176 114 1.00 (0.80to 1.24) 0.91 (0.73t01.13)
8-14 mg 48 034 319 0.96 (0.82t01.12) 0.95 (0.81t01.11)
15-21 mg 43 396 310 1.0 1.0

>22 mg 3 966 58 1.60 (1.21t02.12) 1.56 (1.18102.07)
Unclassifiable 11 489 68 0.71 (0.55 0 0.93) 0.73 (0.56 to 0.96)
Excluding prevalent smoking related diseasest

0-7 mg 10 546 73 0.99 (0.76 to 1.30) 0.90 (0.68101.18)
8-14 mg 32773 187 0.88 (0.72t0 1.08) 0.87 (0.71t0 1.07)
15-21 mg 28 909 195 1.0 1.0

>22 mg 2 511 33 1.50 (1.04t02.18) 1.49 (1.02to 2.15)
Unclassifiable 7 650 36 0.61 (0.42t0 0.87) 0.63 (0.44 to 0.90)
Smoked current brand for >5 years

0-7 mg 5136 45 1.04 (0.75t0 1.43) 0.92 (0.66to 1.27)
8-14 mg 23 678 186 1.06 (0.87to 1.29) 1.06 (0.87t01.28)
15-21 mg 29 117 219 1.0 1.0

>22 mg 3 464 57 1.74 (1.30t0 2.33) 1.70 (1.27 t0 2.28)
Unclassifiable 4185 31 0.92 (0.63t01.34) 0.92 (0.63t01.34)
Smoked current brand for >10 years

0-7 mg 1613 16 1.16 (0.69 to 1.94) 1.07 (0.64 to 1.80)
8-14 mg 12 626 1M 1.14 (0.89to 1.45) 1.16 (0.91t0 1.48)
15-21 mg 21070 161 1.0 1.0

>22 mg 3268 55 1.81 (1.33t02.47) 1.79 (1.32t02.44)
Unclassifiable 2195 16 0.89 (0.53t0 1.50) 0.87 (0.52t0 1.47)
8 mg in very low tar category

0-8 mg 18123 131 0.91 (0.74t01.12) 0.83 (0.68t0 1.02)
9-14 mg 46 222 325 0.98 (0.84t0 1.14) 0.97 (0.83t01.13)
15-21 mg 44124 329 1.0 1.0

>22 mg 4079 64 1.64 (1.26to0 2.15) 1.60 (1.22t0 2.09)
Unclassifiable 11722 73 0.72 (0.56 to 0.93) 0.74 (0.57 to 0.96)
15 mg in low tar category

0-7 mg 15 524 120 0.93 (0.74t01.17) 0.86 (0.69 to 1.08)
8-15 mg 66 734 461 0.89 (0.76 to 1.05) 0.91 (0.77 t0 1.07)
16-21 mg 26 211 204 1.0 1.0

>22 mg 4079 64 156 (1.18102.07) 154 (1.16 to 2.04)
Unclassifiable 11722 73 0.68 (0.52t0 0.89) 0.72 (0.54 t0 0.94)

*Covariates included age when started smoking (see tables 1-4); education (<high school graduate, some college or vocational school, college graduate or higher, missing); race (white,
non-white, missing); marital status (married, not married, missing); current or most recent job (blue collar, not blue collar, missing); weekly intake of vegetables and citrus fruits (categorised by
fifths, and missing); use of vitamin A, E, and C (<15 times/month, >15 times/month, missing); occupational asbestos exposure (exposed <10 years; >10 years); and, in right column, cigarettes

smoked/day (see tables 1-4).

tPrevalent smoking related diseases included emphysema, chronic bronchitis, heart disease or use of heart medication, stroke, diabetes, pain in legs, or sick at time of survey.
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the rate for those who stopped smoking by age 55 was substan-
tially below that of continuing smokers. All current smokers,
regardless of the tar level of their current brand, had substantially
greater risks of lung cancer than people who had never smoked
or who had stopped by age of 35.

Non-linear relation between tar levels and risk of lung
cancer

Our findings challenge the assumption that the association
between tar rating and lung cancer risk is necessarily linear. As
the data points for current smokers in figures 1 and 2 show,
extrapolations based on comparisons of only the highest and
lowest tar groups," " ** or parametric models in which tar yield is
a continuous linear variable,"” can obscure a non-linear relation
between tar levels and risk of disease. Indices of lifetime cumula-
tive tar exposure’ * are especially problematic because they con-
found tar yield with the number of cigarettes smoked a day and
the number of years of smoking.

By the end of follow up in 1988, low tar and very low tar ciga-
rettes had been on the US market for about two decades. Partici-
pants in the cancer prevention study who smoked very low tar
cigarettes had used their current brand for an average of four to
five years, while those who smoked low tar cigarettes had smoked
their current brand for an average of seven to eight years. We did
not attempt to analyse the tar levels of brands that participants
recalled smoking in the past. Because the median age at entry
was 53-54 years, most current smokers in the cohort could not
have smoked low tar or very low tar brands exclusively over their
lives. Accordingly, we could not evaluate the effect of the
exclusive use of low and very low tar cigarettes from adolescence
onward.

Findings consistent with other evidence
Our finding that there was no difference in the risk of lung can-
cer between people who smoked medium tar filter, low tar filter,
and very low tar filter cigarettes is consistent with evidence of
compensatory smoking. Addicted smokers who switch from a
higher to lower tar cigarette can maintain their nicotine intake by
blocking ventilation holes, increasing the puff volume or the time
during which the smoke is retained in the lungs, and smoking
more cigarettes.” As a result, the actual dose of toxicants to the
smoker may be much higher than is predicted by machine
measured yields. Changes in inhalation patterns induced by
lower tar cigarettes may increase the surface area of the lung
exposed to carcinogens in smoke and thus result in greater
deposition of submicron sized particles deeper into the airways.”
An increase in the depth of inhalation may have contributed to
the marked increase among smokers in the incidence of adeno-
carcinoma of the lung (a cancer that arises in the more
peripheral tissues of the lung) in the United States and other
countries.” In fact, adenocarcinoma of the lung was found to be
more strongly associated with cigarette smoking in the second
cancer prevention study (1982-8) than in the first (1960-72).
Finally, changes in tobacco curing and blending have increased
the delivery of carcinogenic tobacco specific nitrosamines
(TSNA)' " even as average tar yields have declined. Tar yield is a
relatively weak predictor of a brand’s delivery of carcinogenic
TSNA.™®

While our finding that smokers of high tar non-filter
cigarettes had higher risks of lung cancer may reflect
unmeasured differences between smokers of non-filter and filter
cigarettes,” it is none the less consistent with many other
CaSC-COIltrOl and COhort Studlesl-’l 15 18-21 23 25 27 28 30-33 35-37 40 42-44 69
Reducing the use of high tar non-filter cigarettes may thus pro-
vide limited public health benefits in those countries where such

BM] VOLUME 328 10 JANUARY 2004 bmj.com

What is already known on this topic

Nearly all previous epidemiological studies of risk of lung
cancer in relation to the type of cigarette smoked have
compared smokers of high tar non-filter cigarettes

(=22 mg tar) with those of medium tar filter cigarettes
(15-21 mg)

No large, long term prospective epidemiological study has
specifically compared the risk of lung cancer in smokers of
medium tar filter brands with the risk in smokers of low tar
(8-14 mg) and very low tar (<7 mg) filter brands

What this paper adds

The risk of lung cancer was no different in people who
smoked medium tar cigarettes, low tar cigarettes, or very
low tar cigarettes

Men and women who smoked non-filtered cigarettes with
tar ratings > 22 mg had even higher risks of lung cancer

All current smokers, regardless of the tar level of their
current brand, had substantially greater risks of lung cancer
than those people who had never smoked or who had quit
smoking

products are commonly used. While non-filter cigarettes
currently represent no more than 1% of cigarette sales in the
United States and the United Kingdom,” " they still comprise
about 20% of cigarettes sold in China,”* 15% in France, and
6-20% in Eastern Europe as late as 1996.”
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