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Introduction

Women and Smoking

This chapter reviews the evidence for a relation-
ship between smoking, as well as exposure to environ-
mental tobacco smoke (ETS), and a wide range of dis-
eases and health-related conditions among women. It
begins with a section on the impact of smoking on
mortality from all causes combined among women
who smoke compared with women who have never
smoked. Most of the remainder of the chapter is devot-
ed to the effects of active smoking on specific health
outcomes among women, ranging from cancer to bone
density. Lung cancer is discussed first because of the
strength of its association with smoking and because
smoking is responsible for lung cancer becoming the
leading cause of cancer death among U.S. women by
the late 1980s, a position it continues to hold. Female-
specific cancers are discussed next, followed by other
cancers. Because coronary heart disease constitutes the
major overall cause of death among women and be-
cause of the well-established association of smoking
with heart disease and stroke, a section devoted to car-
diovascular disease appears next. After that, another
important cause of smoking-related morbidity and
mortality, chronic obstructive pulmonary disease, is
discussed. A brief section on sex hormones, thyroid
disorders, and diabetes follows. Next reviewed are
areas of unique concern among women, namely the
effects of smoking on menstrual function and meno-
pause and on reproductive hormones. Other sections
review a variety of diseases (e.g., eye disease, gastroin-
testinal disease) or physiologic effects (e.g., bone densi-
ty, nicotine addiction) that have been examined in rela-
tion to smoking among women. The chapter concludes
with sections on the effect of ETS on female lung
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cancer, heart disease, and reproductive outcomes. Our
knowledge base regarding the effects of smoking on
women’s health has grown enormously since the
Surgeon General’s first report on women and smoking
was published in 1980 (U.S. Department of Health and
Human Services [USDHHS] 1980). The physiologic
effects of smoking are broad ranging and, in addition
to the health risks shared with men who smoke,
women smokers experience unique risks such as those
related to reproduction and menopause. Since 1980,
approximately three million U.S. women have died
prematurely as a result of a smoking-related disease. In
1997 alone, an estimated 165,000 U.S. women died pre-
maturely of a smoking-related disease.

Because numerous experts contributed to this
report, with varying preferences for use of terms to
report outcome measures and statistical significance,
the editors chose certain simplifying conventions in
reporting research results. In particular, the term “rel-
ative risk” generally was adopted throughout this
chapter for ratio measures of association—whether
original study results were reported as relative risks,
estimated relative risks, odds ratios, rate ratios, risk
ratios, or other terms that express risk for one group of
individuals (e.g., smokers) as a ratio of another (e.g.,
nonsmokers). Moreover, relative risks and confidence
intervals were generally rounded to one decimal
place, except when rounding could change a margin-
ally statistically significant finding to an insignificant
finding; thus, only when the original confidence limit
was within 0.95 to 0.99 or within 1.01 to 1.04 were two
decimal places retained in the reporting of results.

Women in the United States began regular ciga-
rette smoking in large numbers decades before
women in most other countries did; among women
born before 1960, adolescent girls took up regular
smoking at progressively earlier ages (Burns et al.
1997a) (see Chapter 2). Thus, U.S. women have been
at the forefront of an emerging worldwide epidemic

of deaths from smoking, and their experience under-
scores the need to curtail tobacco marketing world-
wide. Women in the United States make up approxi-
mately 20 percent of women in the developed world.
In 1990, they accounted for more than 40 percent of all
deaths attributable to smoking among women in de-
veloped countries (Peto et al. 1994).
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Figure 3.1. All-cause death rates for current smokers and lifelong nonsmokers, by age and gender,

Cancer Prevention Study 11, 1982-1988
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In this section of Chapter 3, the death rate from
all causes combined among women who continue to
smoke (current smokers) is compared with the rate in
those who have never smoked regularly. The risk
from smoking depends on the duration of smoking,
the number of cigarettes smoked per day, the age of
the smoker, and the epidemiologic measure used to
assess risk. By all measures, however, risk increased
dramatically among U.S. women from the 1950s
through the late 1980s. This finding is clearly demon-
strated by the results of at least eight large prospec-
tive studies from North America.

Age-Specific and Smoking-Specific
Death Rates

The largest contemporary study of smoking and
mortality in the United States is the American Cancer
Society (ACS) Cancer Prevention Study Il (CPS-1I)—a
prospective, epidemiologic study of more than one
million adults that was begun by ACS in 1982
(Garfinkel 1985; Stellman and Garfinkel 1986; Gar-
finkel and Stellman 1988; Thun et al. 1995, 1997a).
Descriptions of CPS-1I and of other epidemiologic
studies discussed in this section are provided in the
Appendix to this chapter.

As illustrated in Figure 3.1 and Table 3.1, overall
death rates in CPS-1I were substantially higher
among women who currently smoked cigarettes
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when enrolled than among those who had never
smoked regularly (lifelong nonsmokers). The death
rate (per 100,000 person-years at risk) among women
who smoked was approximately twice that among
women who had never smoked in every age group
from 45 through 74 years (Table 3.1). Although death
rates were lower among women than among men
(Figure 3.1), the relationship of smoking to all-cause
death rates was similar among women and men. The
large size of CPS-11 allows death rates to be estimated
fairly precisely by gender and smoking status and with-
in five-year intervals of age at the time of follow-up.
CPS-1l data on the relationship of smoking and
the risk for death from all causes combined are shown
in Table 3.1. This relationship was measured in three
ways. (1) The death rate, defined as deaths per
100,000 person-years at risk, reflects the absolute
probability (risk) of death per year (also see Figure
3.1). (2) Relative risk (RR), defined as the death rate
among smokers divided by the rate among those who
had never smoked, expresses the risk among smokers
as a multiple of the annual risk among those who had
never smoked. (3) Rate difference, defined as the
death rate among smokers minus the rate among
those who had never smoked, reflects the absolute
excess risk for death per year among smokers com-
pared with those who had never smoked. The CPS-II
results illustrate that the impact of smoking on deaths



Women and Smoking

Table 3.1. All-cause mortality among women for lifelong nonsmokers and current smokers, by age, Cancer

Prevention Study 11, 1982-1988

Age specific
Lifelong nonsmokers Current smokers .
Relative Rate

Age (years) Number of deaths Death rate* Number of deaths Death rate* risk difference*
35-39 40 80.6 22 88.8 11 8.2
40-44 93 109.3 50 110.9 1.0 1.6
45-49 255 1224 256 252.6 2.1 130.2
50-54 564 182.1 501 348.5 1.9 166.4
55-59 927 268.2 874 598.8 2.2 330.6
60-64 1,401 411.4 1,140 936.3 2.3 525.0
65-69 1,871 666.5 1,243 1,533.7 23 867.2
70-74 2,216 1,073.9 1,020 2,227.0 2.1 1,153.1
75-79 2,487 1,838.7 658 3,417.9 1.9 1,579.1
80-84 2,245 3,154.2 285 4,959.2 1.6 1,805.0

Total 12,099 6,049

Age standardized to age distribution in 1980 U.S. population
Lifelong nonsmokers Current smokers

Death rate* 475.0 913.5

95% CI' 465.6-484.3 885.2-941.8
Relative risk 1.0 1.9

95% ClI NA* 1.9-2.0
Rate difference* 0 438.5

95% ClI NA 408.7-468.3

Note: Analyses restricted to women aged 35-84 years to maximize stability and validity of results.
*Death rate and rate difference, for all causes, per 100,000 person-years.

fCI = Confidence interval.
*NA= Not applicable.
Sources: Thun et al. 1997a,c.

from all causes varies at different ages for each of the
three measures of risk (Thun et al. 1997c). Beginning
at approximately age 45 years, the death rate from all
causes was progressively higher among women who
smoked than among those who had never smoked
(Figure 3.1). The absolute increase in risk associated
with smoking became greater with age, as measured
by the increase in the rate difference from ages 45
through 84 years (Table 3.1). In contrast, the value for
RR associated with any current smoking increased
from approximately 1.0 among women younger than
45 years to a maximum of 2.3 at ages 60 through 69
years, then decreased to 1.6 at ages 80 through 84
years (Table 3.1).

Measured in absolute terms, smoking becomes
more, rather than less, hazardous with increasing age.
Older smokers incur a larger individual risk for dying
prematurely from their smoking than do younger
smokers, and the total number of smoking attribut-
able deaths is greater among older smokers than
among younger smokers. On the other hand, trends
in RR reflect first the increase and later the decrease,
with age, of the proportionate contribution of smok-
ing to deaths among smokers. In the CPS-II data, the
RR associated with smoking among women peaked
at 2.3 at ages 60 through 69 years (Table 3.1). The cor-
responding RR among British male physicians and
men in CPS-11 who continued to smoke cigarettes was
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approximately 3.0 at approximately 40 through 60
years of age (Doll et al. 1994; Thun et al. 1997c). The
proportionately smaller contribution of smoking to
death among older smokers indicated that death rates
from factors unrelated to smoking increase even
faster at older ages than do the increasing hazards
from smoking.

Changes over Time in the Association
Between Smoking and All-Cause Death
Rates

Changes in women’s smoking behavior, particu-
larly the trend up to 1960 among adolescent girls to
start smoking at progressively earlier ages, underlie the
gradual increase in smoking-associated RR for death
among women smokers in the last half-century. A
unique longitudinal perspective on how smoking
behavior and smoking-specific death rates changed
among U.S. women from the late 1950s through the
1980s may be seen by comparing the results of CPS-1|
with its predecessor, the Cancer Prevention Study |
(CPS-1), which was conducted by ACS in 1959-1965
(USDHHS 1989b; Thun et al. 1995, 1997a). In CPS-I,
methods of recruitment and follow-up were similar to

those in CPS-11 (see Appendix to this chapter). In gen-
eral, women in CPS-I who smoked began to smoke reg-
ularly just before, during, or after World War |1, and rel-
atively few had smoked for more than 20 years. In
contrast, many women enrolled in CPS-Il had smoked
regularly for 30 to 40 years. Women in CPS-11 start-
ed smoking in larger numbers at younger ages and,
in every age group, the mean number of cigarettes
smoked daily at baseline was greater (Thun et al.
1997a,c).

Two major temporal trends are evident in the com-
parison of age-specific and smoking-specific all-cause
death rates in CPS-I and CPS-II. The first trend (Figure
3.2) is that the difference in female age-specific, all-cause
death rates (rate difference) between current smokers
and women who had never smoked (as reported at en-
rollment) was much greater in CPS-1l than in CPS-I at
age 45 years and older. Tables 3.1 (CPS-11) and 3.2
(CPS-1) present age-specific, all-cause death rates
among women for the two studies directly standardized
to the age distribution of the U.S. population in 1980.
The rate difference between women who were current
smokers and those who had never smoked almost dou-
bled, from 238.4 in CPS-I (Table 3.2) to 438.5 in CPS-II
(Table 3.1). Similarly, the RR associated with current

Figure 3.2. All-cause death rates among women for current smokers and lifelong nonsmokers, by age,
Cancer Prevention Study | (CPS-I), 1959-1965, and Cancer Prevention Study Il (CPS-II),

1982-1988
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smoking increased from 1.3 (Table 3.2) to 1.9 (Table 3.1).
These large increases during the two decades between
the two ACS studies in both the rate difference and the
RR for U.S. women who smoked reflect the emergence
of the full effect of smoking-related deaths among
women who were long-term smokers.

The second important difference between CPS-I
and CPS-Il is the decline in background rates of all-
cause mortality in the time period between the two
studies. This mortality rate difference was largely due
to the decline over the past several decades in death
rates for cardiovascular diseases—the leading cause of
death in the United States among women and men.

Women and Smoking

Table 3.2 (CPS-1) and Table 3.1 (CPS-I1) show the age-
adjusted, all-cause death rates among smokers and
among persons who had never smoked. The all-cause
death rate among women who had never smoked was
approximately 50 percent lower for those in CPS-II
than for those in CPS-I, but only 22 percent lower
among current smokers in CPS-11 than among current
smokers in CPS-I. This difference largely reflects the
decline in death rates for cardiovascular disease over
these two decades, and the decline in cardiovascular
disease death rates between the two studies was small-
er among women who smoked than among women
who had never smoked.

Table 3.2. All-cause mortality among women for lifelong nonsmokers and current smokers, by age, Cancer

Prevention Study I, 1959-1965

Age specific
Lifelong nonsmokers Current smokers .
Relative Rate
Age (years) Number of deaths  Death rate*  Number of deaths  Death rate* risk difference*
35-39 73 100.1 67 1.4 11 11.3
40-44 230 150.7 230 199.2 1.3 485
45-49 638 2114 600 291.6 14 80.2
50-54 1,247 320.9 932 442.0 14 1211
55-59 1,696 454.2 906 673.1 15 218.9
60-64 2,371 749.5 756 1,076.6 14 327.1
65-69 3,140 1,234.7 545 1,545.4 1.3 310.7
70-74 3,700 2,101.1 425 2,739.9 1.3 638.8
75-79 3,933 3,925.1 241 4,162.7 1.1 237.6
80-84 3,406 7,031.6 147 8,802.4 13 1,770.8
Total 20,434 4,849
Age standardized to age distribution in 1980 U.S. population
Lifelong nonsmokers Current smokers

Death rate* 927.6 1,166.0

95% CI' 914.2-941.0 1,107.9-1,224.1
Relative risk 1.0 13

95% ClI NA* 1.2-13
Rate difference* 0 238.4

95% ClI NA 178.8-298.1

Note: Analyses restricted to women aged 35-84 years to maximize stability and validity of results.
*Death rate and rate of difference, for all causes, per 100,000 person-years.

'CI = Confidence interval.
*NA= Not applicable.
Sources: Thun et al. 1997a,c.
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Consistency of Temporal Trends Across
Studies

Beside the results of CPS-1 and CPS-I1, other pro-
spective studies since the late 1940s suggested a tem-
poral trend of increasing RR for death from all causes
among female smokers and an increasing proportion
of deaths attributable to smoking (Figure 3.3). None of
these cohort studies (see Appendix to this chapter)
was designed specifically to assess a temporal trend in
risk. Collectively, however, their results suggested that
the all-cause RR associated with current smoking for

women was similar across studies and that the RR
increased from approximately 1.2 in the 1950s and
early 1960s to a range of 1.8 to 1.9 by the 1980s. In the
earlier studies, including the British doctors’ study
(Doll et al. 1980), a large census-based study in Japan
(Hirayama 1990), and CPS-l1 (Thun et al. 1997a),
women who smoked had usually begun to smoke
regularly less than 20 years before the start of the
study. In the more recent studies, including the U.S.
Nurses’ Health Study (Kawachi et al. 1993a), the
Kaiser Permanente Medical Care Program cohort
study (Friedman et al. 1997), a study of three U.S.

Figure 3.3. Age-adjusted total mortality ratios among women (and 95% confidence interval) for current
smokers compared with lifelong nonsmokers, prospective studies
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Friedman et al. 1997. Leisure World Cohort Study: Paganini-Hill and Hsu 1994. Study of three U.S. communities: LaCroix et
al. 1991. Framingham study: Shurtleff 1974; Cupples and D'Agostino 1987; Freund et al. 1993. Canadian pensioners' study:
Best et al. 1961; Canadian Department of National Health and Welfare 1966. British-Norwegian migrant study: Pearl et al.
1966; U.S. Department of Health and Human Services 1980. Swedish study: Cederl6f et al. 1975.
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communities (LaCroix et al. 1991), and CPS-1I (Thun
et al. 1997a), women who reported current smoking
had smoked for longer periods of time than they did
in the earlier studies. In a recent cohort study, the esti-
mated RR for death from all causes combined was
slightly lower (1.7; 95 percent confidence interval [Cl],
1.5to 1.9) than in the other studies (Paganini-Hill and
Hsu 1994). Participants in that study, however, were
members of the Leisure World retirement community
of southern California and were substantially older at
the time of enrollment (median age, 73 years) than
were the participants in most of the other studies.

The investigators of four studies (Canadian
Department of National Health and Welfare 1966;
Shurtleff 1974; Cederl6f et al. 1975; USDHHS 1980)
measured the excess risk among smokers by calculat-
ing the cumulative probability of death ratio, which
was defined as the probability of death among smok-
ers divided by the probability among those who had
never smoked, over a specified period (Kleinbaum et
al. 1982). In studies with prolonged follow-ups and a
common end point, the use of this ratio results in a
slight underestimation of the RR (Rothman 1986).
Thus, these studies are presented separately from the
eight studies, including CPS-1 and CPS-I1, that report-
ed annual death rate ratios (Figure 3.3 and Appendix
to this chapter).

The findings in CPS-1, CPS-11, and the other stud-
ies generally support the observation that the risk for
death from smoking among U.S. women has increas-
ed over time. Total mortality by amount smoked also
has been reported based on pooled data from three
prospective studies conducted in Copenhagen, with
initial exams between 1964 and 1992 and follow-up

Women and Smoking

until 1994 (Prescott et al. 1998a). RRs for all-cause mor-
tality increased with amount smoked: compared with
persons who had never smoked, the RR was 2.2 (95
percent Cl, 2.0 to 2.5) among women who smoked less
than 15 g of tobacco per day, 2.7 (95 percent Cl, 2.4 to
3.1) among women who smoked 15 to 24 g per day,
and 3.6 (95 percent Cl, 2.9 to 4.5) among those who
smoked 25 g or more per day.

Adjustment for Risk Factors Other
than Smoking

Although factors such as the duration of smok-
ing, the number of cigarettes smoked per day, and
the age of the smoker strongly influence the associa-
tion between smoking and all-cause mortality, other
demographic and behavioral factors associated with
smoking also appear to affect the risks associated
with smoking.

In most studies, risk estimates were not adjusted
for potential confounders other than age. However,
studies in which adjustment was made for other fac-
tors found little evidence that the estimates of risk
associated with smoking were substantially different
after adjustment. Data from the 12-year follow-up of
the U.S. Nurses’ Health Study showed no real differ-
ence between the estimates of RR for death from all
causes combined that were adjusted for age alone
and the estimates that were adjusted for age, hyper-
tension, cholesterol, menopausal status, postmeno-
pausal estrogen therapy, and other factors (Kawachi
et al. 1993a, 1997b) (Table 3.3).

Among women in CPS-II, values for the RR for
death from all causes combined were negligibly dif-
ferent among current smokers aged 30 years or older

Table 3.3. Age-adjusted and multivariate relative risks (RRs) for all-cause mortality, by smoking status
and number of cigarettes smoked per day, U.S. Nurses' Health Study, 1976-1988

Number of cigarettes/day for current smokers

Lifelong Former Current
nonsmokers smokers smokers 1-14 15-24 25-34 =35
Number of deaths 933 799 1,115 234 480 215 153
RR* 1.0 1.3 1.9 14 1.99 2.1 2.6
RR' 1.0 1.3 1.9 15 2.0 2.1 2.6
95% CI* 1.1-15 1.7-2.1 1.3-1.8 1.7-2.4 1.7-2.6 2.1-3.3

*Adjusted for age only.

TAdjusted for age; follow-up period; body mass index (weight/height?); history of hypertension, high cholesterol, or
diabetes; parental history of myocardial infarction before age 60 years; postmenopausal estrogen therapy; menopausal
status; previous use of oral contraceptives; and age at start of smoking.

*Cl = Confidence interval.
Sources: Kawachi et al. 1993a, 1997b.
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after adjustment for age, dietary fat and vegetable con-
sumption, physical activity, and aspirin use (ACS,
unpublished data) (Table 3.4). Small changes in the RR
after multivariate adjustment (Table 3.4) would result
in even smaller change in the attributable fraction
among persons exposed, assuming that the estimates
of RR accurately reflect a causal relationship with
smoking. Adjustment for covariates decreased the at-
tributable fraction from 50 to 47 percent of all deaths
among current smokers and increased it from 23 to 29
percent among former smokers (Table 3.4). Thus, when
adjusted only for age, nearly one-half of all deaths
among women who currently smoked and about one-
fourth of deaths in former smokers were attributable to
smoking. In comparison, the percentage of deaths that
would be attributable to smoking among women cur-
rent smokers in the earlier period of CPS-1 was only 21
percent (Table 3.2 and Figure 3.3).

Smoking Attributable Deaths Among
U.S. Women

Two approaches have been used to estimate the
number of deaths attributable to smoking among U.S.
women and to assess how this burden has changed
over time. Estimates for the U.S. Public Health Service
are produced by the Centers for Disease Control and
Prevention (CDC), Office on Smoking and Health,
using a computer program—Smoking Attributable Mor-
tality, Morbidity, and Economic Costs (SAMMEC 3.0),
which incorporates an epidemiologic measure of risk
known as the population attributable risk (USDHHS
1997). These estimates for women take three factors
into account: (1) the prevalence of current and former
smoking among U.S. women in a particular year,
(2) the RR estimates among women in CPS-Il during
the initial four years of follow-up for selected con-
ditions having a firmly established relationship to

smoking, and (3) the total number of deaths coded to
these conditions among U.S. women. The SAMMEC
estimate has increased from 30,000 in 1965 to 106,000
in 1985 (USDHHS 1989b) and to 152,000 annually dur-
ing 1990-1994 (CDC 1997). For 1995-1997, the annual
SAMMEC estimates for U.S. women averaged 163,000
(CDC, unpublished data). On the basis of recent
trends in these estimates, it can be projected that
SAMMEC estimates among U.S. women during the
years 1998-2000 will average about 170,000 (CDC,
unpublished data). Thus, since the last report on the
health consequences of smoking among women in
1980, it can be estimated that approximately 3 million
deaths among U.S. women have been attributable to
smoking (CDC, unpublished data).

An alternate technique was developed by Peto
and associates (1994) to provide estimates of deaths
from smoking in developed countries, even where
reliable data on smoking prevalence are not available.
By using the national death rate for lung cancer to
index past smoking habits, Peto and associates esti-
mated that smoking caused approximately 14,100
deaths among U.S. women in 1965 and 131,000 in 1985.
Although not expected to be exact, the estimates of
smoking attributable mortality generated for different
countries by use of this method showed that women in
the United States and the United Kingdom who have
smoked longer than women in other countries are at
the forefront of the emerging global epidemic of
deaths from tobacco smoking (Peto et al. 1994).

Years of Potential Life Lost

Another measure of the impact of smoking on
survival is years of potential life lost (YPLL). Although
less commonly used, YPLL takes into account the
age at which people die, as well as the total num-
ber of deaths. Using the SAMMEC software program

Table 3.4. Relative risks among women for death from all causes, and smoking attributable fraction of
deaths among smokers (AF.,,), with adjustment for age and multiple potential risk factors,

Cancer Prevention Study 11, 1982-1988

Current smokers (n = 6,416)

Former smokers (n = 4,812)

Lifelong nonsmokers Relative risk Relative risk
Adjustment for: (n =15,929) (95% CI)* AF,, (%) (95% ClI) AF,, (%)
Age 1.0 2.0 (2.0-2.1) 50 1.3 (1.3-1.4) 23
Multiple risk factors' 1.0 1.9 (1.9-2.0) 47 1.4 (1.3-1.4) 29

*Cl = Confidence interval.

TAge, dietary fat and vegetable consumption, physical activity, and aspirin use.

Source: American Cancer Society, unpublished data.
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(USDHHS 1997), CDC’s Office on Smoking and Health
estimated YPLL from smoking among U.S. women
each year during 1990-1994 on the basis of disease-
specific RRs among women smokers from CPS-11 for
1982-1986, mortality data among U.S. women for 1990,
and prevalence of current and former women smokers
in the United States in 1990-1994 (CDC 1997). Based on
survival to life expectancy, the average annual YPLL
due to smoking-related deaths from neoplastic, cardio-
vascular, respiratory, and pediatric diseases was
2,148,000, or about 14 years for each smoking attribut-
able death (CDC, unpublished data). This estimate did
not include YPLL due to exposure to ETS. Other inves-
tigators estimated that U.S. white women who were
current smokers had a life expectancy in 1986 that was
three to seven years less than that of women the same
age who had never smoked (Rogers and Powell-Griner
1991). Amultisite, population-based, prospective study
of persons aged 65 years or older found that even
when level of physical activity was controlled for,
women who had ever smoked lived an average of four
to five years less than women who had never smoked
(Ferrucci et al. 1999). On the basis of these YPLL esti-
mates and the estimated number of deaths among U.S.
women attributable to smoking, it can be estimated
that since the last report on the health consequences of

Women and Smoking

smoking among women in 1980, from 9 to 41 million
years of potential life have been lost by U.S. women
because of smoking (CDC, unpublished data).

Effects of Smoking Cessation

Several studies examined the reduction in all-
cause death rates among women that is related to
smoking cessation (USDHHS 1990). In the U.S.
Nurses’ Health Study, to better estimate the effect of
cessation, women with nonfatal coronary heart dis-
ease, stroke, or cancer (except nonmelanoma skin can-
cer) were excluded at baseline and at the beginning of
each 2-year follow-up period. The RR for death from
all causes combined during the 12-year follow-up was
1.15 (95 percent ClI, 1.01 to 1.29) among women who
had stopped smoking (Kawachi et al. 1993a, 1997b).
This RR was substantially lower than that of 2.04 (95
percent ClI, 1.85 to 2.27) among women who contin-
ued to smoke (Kawachi et al. 1993a, 1997b). The RR
among former smokers decreased progressively with
time since smoking cessation; 10 through 14 years
after smoking cessation, the RR approached the risk
among those who had never smoked (Figure 3.4).

An alternate method of expressing the benefits of
smoking cessation is to present the absolute risk for
death at various ages during follow-up by grouping

Figure 3.4. Relative risks of death from all causes (and 95% confidence interval) for current smokers compared
with lifelong nonsmokers, by years since smoking cessation, U.S. Nurses' Health Study, 1976-1988
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high cholesterol level, postmenopausal estrogen therapy, menopausal status, previous use of oral contraceptives, parental
history of myocardial infarction before age 60 years, and daily number of cigarettes smoked during the period prior to smoking
cessation. Persons with nonfatal coronary heart disease, stroke, and cancer (except nonmelanoma skin cancer) were excluded at
baseline and at the beginning of each two-year follow-up period.

Source: Kawachi et al. 1997b.
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Figure 3.5. Cumulative probability of death from all causes among women who stopped smoking, by
smoking status and age at smoking cessation, Cancer Prevention Study 11, 1984-1991
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Source: American Cancer Society, unpublished data.

women according to age at cessation of smoking.
Figure 3.5 shows the cumulative probability that a
woman in CPS-1I would die during follow-up in
1984-1991 according to smoking status at study entry
and, for former smokers, according to age at the time
of smoking cessation (ACS, unpublished data). To
minimize bias from smoking cessation due to illness,
this analysis excluded data from the first two years of
follow-up; persons with a history of cancer, heart dis-
ease, or stroke at study entry; and persons who had
stopped smoking less than two years before enroll-
ment. During the seven-year period, women who
were current smokers at baseline had the highest
cumulative probability of death during follow-up;
those who had stopped smoking, particularly at
younger ages, had intermediate risk; and those who
had never smoked had the lowest risk. The risk
among women who had stopped smoking before age
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50 years was only slightly higher than that among
women who had never smoked and, over time, the
risk became indistinguishable from that among those
who had never smoked. However, it should be
stressed that the probabilities shown in Figure 3.5 are
underestimates of the true cumulative risk for death
at any age in the general population because the cal-
culations are based on data from a cohort that includ-
ed only women who survived and could therefore
enter the study and excluded women with cancer,
heart disease, or stroke at the time of enrollment,
thereby making the study population healthier than
the general U.S. population. Nevertheless, Figure 3.5
illustrates the substantial benefits of smoking cessa-
tion, the additional benefit for women who stop
smoking at a younger age, and the optimal situation
of never having started to smoke.



Conclusions

1. Cigarette smoking plays a major role in the mor-
tality of U.S. women.

2. The excess risk for death from all causes among
current smokers compared with persons who
have never smoked increases with both the
number of years of smoking and the number of
cigarettes smoked per day.

3. Among women who smoke, the percentage of
deaths attributable to smoking has increased
over the past several decades, largely because of
increases in the quantity of cigarettes smoked
and the duration of smoking.

4.  Cohort studies with follow-up data analyzed in
the 1980s show that the annual risk for death
from all causes is 80 to 90 percent greater among
women who smoke cigarettes than among
women who have never smoked. A woman’s
annual risk for death more than doubles among

Cancer

Women and Smoking

continuing smokers compared with persons
who have never smoked in every age group
from 45 through 74 years.

5. In 1997, approximately 165,000 U.S. women
died prematurely from a smoking-related dis-
ease. Since 1980, approximately three million
U.S. women have died prematurely from a
smoking-related disease.

6. U.S. females lost an estimated 2.1 million years
of life each year during the 1990s as a result of
smoking-related deaths due to neoplastic, car-
diovascular, respiratory, and pediatric diseases
as well as from burns caused by cigarettes. For
every smoking attributable death, an average of
14 years of life was lost.

7. Women who stop smoking greatly reduce their
risk for dying prematurely. The relative benefits
of smoking cessation are greater when women
stop smoking at younger ages, but smoking ces-
sation is beneficial at all ages.

Lung Cancer

When the report to the Surgeon General on
smoking and health was published in 1964 (U.S.
Department of Health, Education, and Welfare
[USDHEW] 1964), lung cancer mortality among
women was low (approximately 7 deaths per 100,000
women). The 1964 report concluded that evidence
suggested a causal association between smoking and
lung cancer among women but did not conclude that
smoking was a cause of lung cancer among women.
Subsequent reports of the Surgeon General reviewed
data published after 1964, including both cohort and
case-control studies of lung cancer among women,
and strongly affirmed a causal relationship (USDHHS
1980, 1982, 1989b, 1990) between smoking and lung
cancer among women.

Women started smoking in the 1930s and 1940s,
about 20 to 30 years later than men. Thus, the sharp
rise in lung cancer mortality that was so apparent
among men before 1964 (from 5 deaths per 100,000 in
1930 to 45 deaths per 100,000 in 1964) did not occur
until the 1970s among women (USDHHS 1989b). By
1980, when the first Surgeon General’s report on

women and smoking was released, lung cancer had
become the second-leading cause of cancer deaths
among women (USDHHS 1980). The lung cancer
death rate among white women rose by over 600 per-
cent from 1950 through 1997. This rise was equivalent
to an average annual increase of 5.3 percent (Ries et al.
2000). During the 1973-1997 period, the lung cancer
death rate among women increased 149 percent, but
only 6.5 percent among men (Ries et al. 2000). In 1987,
lung cancer surpassed breast cancer as the leading
cause of cancer death among women (Figure 3.6), and
in 2000, lung cancer accounted for an estimated 1 of
every 4 cancer deaths and nearly 1 of every 8 newly
diagnosed cancers among women (Greenlee et al.
2000). The estimates for 2000 also indicated that about
74,600 new cases of lung cancer would be diagnosed
and that 67,600 deaths from the disease would occur
among women (Greenlee et al. 2000).

Lung cancer incidence among women increased
by 127 percent from 1973, when ongoing collection of
population-based cancer incidence data by the Na-
tional Cancer Institute (NCI) began, through 1997,
when the annual age-adjusted incidence was 43.1 cases
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Figure 3.6. Age-adjusted death rates for lung cancer and breast cancer among women, United States,

1930-1997
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Sources: Parker et al. 1996; National Center for Health Statistics 1999; Ries et al. 2000; American Cancer Society, unpublished data.

per 100,000 women (Ries et al. 2000). In recent years,
the rate of increase has slowed—from 9.1 percent per
year for 1973-1976 to 0.0 percent per year for
1991-1997. Incidence rates among women may have
peaked in the 1990s (Wingo et al. 1999; Ries et al. 2000).
Rates among women aged 40 through 49 years and
among women aged 50 through 59 years reached a
peak in the mid-1970s and late 1980s, respectively,
whereas rates remained stable among women aged 60
through 69 years (Wingo et al. 1999). The overall age-
adjusted incidence among men has declined steadily
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since 1987 (Ries et al. 2000). By 1997, the male-to-female
ratio for incidence of lung cancer was 1.6:1, a change
from 3:1 in 1980. In 1995-1997, the lifetime risk for
developing lung cancer was 1 in 17.3 among women.
The overall incidence of lung cancer among black
women resembles that among white women. In 1997,
the age-adjusted incidence per 100,000 women was
42.6 among blacks and 45.0 among whites (Ries et al.
2000). In contrast, the incidence among black men
was more than 50 percent higher than that among
white men. In 1996-1997, lung cancer incidence rates
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Figure 3.7. Lung cancer incidence rates among white women and black women, Surveillance, Epidemiology,
and End Results (SEER) Program, 1996-1997
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among women younger than age 65 years were high-
er among blacks than among whites (Figure 3.7). This
finding suggested that differences between incidence
among black women and white women may increase
in the future.

In the United States, the incidence rate for
1990-1997 among Hispanic white women (20.3 per
100,000 women) was one-half that among non-
Hispanic white women (45.9) (Ries et al. 2000). The
rate among Asian or Pacific Islander women (22.5 per
100,000 women) was also lower than that among
white women. Variation exists among subgroups of
Asian women. Based on data for 1988-1992, rates
were lowest among Japanese women and highest
among Vietnamese women: 15.2 per 100,000 among
Japanese, 16.0 among Korean, 17.5 among Filipino,
25.3 among Chinese, and 31.2 among Vietnamese
women (NCI 1996b). Hawaiian women, however,
developed lung cancer at approximately the same
rate as did white women (43.1) (NCI 1996b).
Incidence rates from California for 1991-1995 were

comparable among non-Hispanic black women (48.2)
and non-Hispanic white women (50.4), whereas rates
among Hispanic women (19.7) and Asian women
(21.7) were about 50 percent lower (Perkins et al.
1998). These differences in the incidence rate of lung
cancer are likely the result of lower rates of cigarette
smoking among Hispanic women and Asian women.

Because of the poor survival associated with
lung cancer, mortality parallels incidence for all age
and ethnic groups. The 5-year relative survival rates
among black women and white women diagnosed
with lung cancer in 1989-1996 were 13.5 and 16.6 per-
cent, respectively (Ries et al. 2000). Survival was
higher among women with localized disease (52.5
percent), but only 16 percent of cases among women
were diagnosed at this early stage. Survival rates
declined with age at diagnosis and advanced stage of
disease but were higher among women than among
men at all ages and stages and for all cell types.
Survival rates have changed little in the past 20 years
(Ries et al. 2000).
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Table 3.5. Relative risks of death from lung cancer for women and men, by quantity smoked, major
prospective studies

Women Men

Study Smoking status Relative risk Smoking status Relative risk
British doctors' study Nonsmokers 1.0 Nonsmokers 1.0
1951-1973 Current smokers 5.0 Current smokers 14.0
1-14 cigarettes/day 1.3 1-14 cigarettes/day 7.8
15-24 cigarettes/day 6.4 15-24 cigarettes/day 12.7
3 25 cigarettes/day 29.7 3 25 cigarettes/day 25.1
Cancer Prevention Never smoked 1.0 Never smoked 1.0
Study | (CPS-I) Current smokers 3.6 Current smokers 8.5
1959-1972 1-9 cigarettes/day 13 1-9 cigarettes/day 4.6
10-19 cigarettes/day 24 10-19 cigarettes/day 8.6
20-39 cigarettes/day 4.9 20-39 cigarettes/day 14.7
3 40 cigarettes/day 7.5 3 40 cigarettes/day 18.7
Swedish study Nonsmokers 1.0 Nonsmokers 1.0
1963-1979 Current smokers 45 Current smokers 7.0
1-7 cigarettes/day 1.8 1-7 cigarettes/day 23
8-15 cigarettes/day 11.3 8-15 cigarettes/day 8.8
3 16 cigarettes/day 13.7
Japanese study of Nonsmokers 1.0 Nonsmokers 1.0
29 health districts Current smokers 2.0 Current smokers 3.8
1966-1982 <20 cigarettes/day 1.9 <20 cigarettes/day 35
20-29 cigarettes/day 4.2 20-39 cigarettes/day 5.7
3 40 cigarettes/day 6.5
Kaiser Permanente Nonsmokers 1.0 Nonsmokers 1.0
Medical Care Current smokers 151 Current smokers 8.1
Program Study 1-19 cigarettes/day 8.5 1-19 cigarettes/day 4.7
1979-1987 3 20 cigarettes/day 217 3 20 cigarettes/day 104
Cancer Prevention Never smoked 1.0 Never smoked 1.0
Study Il (CPS-11) Former smokers 4.7 Former smokers 9.4
1982-1988 Current smokers 11.9 Current smokers 20.3
1-9 cigarettes/day 3.9 1-9 cigarettes/day 12.2
10-19 cigarettes/day 8.3 10-19 cigarettes/day 14.6
20 cigarettes/day 14.2 20 cigarettes/day 217
21-39 cigarettes/day 21.4 21-39 cigarettes/day 22.8
40 cigarettes/day 19.3 40 cigarettes/day 24.2
3 41 cigarettes/day 18.2 3 41 cigarettes/day 45.7

Sources: U.S. Department of Health and Human Services 1982 for British doctors' study, CPS-I, Swedish study, and

Japanese study of 29 health districts; Friedman et al. 1997 for Kaiser Permanente Medical Care Program Study; Thun et al.

1997a for CPS-II.

Smoking-Associated Risks

Evidence from Cohort Studies

Six prospective studies, which included more
than one million women from four countries, provid-
ed data on smoking and risk for lung cancer among
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women. Many of the results from these studies were
described previously (USDHHS 1982, 1989b). All
showed significantly higher lung cancer mortality
among smokers than among nonsmokers (Table 3.5).
Together with case-control studies, these studies
demonstrated that lung cancer mortality among
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Table 3.6. Age-adjusted death rates, relative risks, and rate differences for lung cancer, among women
and men who were current smokers and never smokers, Cancer Prevention Study | (CPS-I),
1959-1965, and Cancer Prevention Study Il (CPS-I11), 1982-1988

CPS-I CPS-11
Women Men Women Men
Death rate*
Never smoked 9.6 15.7 12.0 14.7
Current smokers 26.1 187.1 154.6 341.3
Relative risk (95% CI)* 2.7 (2.1-3.5) 11.9 (9.5-14.9) 12.8 (11.3-14.7) 23.2 (19.3-27.9)
Rate difference (95% CI) 16.5 (11-22) 171.4 (157-186) 142.6 (132-153) 326.6 (309-344)

*Per 100,000 person-years.
'CI = Confidence interval.
Source: Thun et al. 1997a.

women increases with increasing exposure to cigarette
smoking, as measured by the number of cigarettes
smoked daily, duration of smoking, depth of inhala-
tion, age at smoking initiation, and tar content of the
cigarettes smoked (USDHHS 1980, 1982, 1989b). The
lower RRs observed among women than among men
reflect differences in smoking habits across birth
cohorts. Historically, women adopted the smoking
habit at a later age than did men, smoked fewer ciga-
rettes per day for fewer years, were less likely to inhale
deeply, and were more likely to smoke filter-tipped or
low-tar cigarettes (USDHHS 1980).

CPS-I, which was begun in 1959, and CPS-II,
which was begun in 1982, enabled examination of
changes over time in smoking-associated risk for
death from lung cancer. Data from CPS-I and CPS-I1I
confirmed that the epidemic of lung cancer among
women was confined largely to smokers. The age-
adjusted lung cancer death rate among women who
had never smoked was about the same during the
two study periods, but among current smokers, it
increased nearly sixfold (Table 3.6). In CPS-I, lung
cancer mortality was 2 to 3 times higher among
women smokers than among women who had never
smoked; 20 years later, in CPS-11, mortality was more
than 12 times higher. (During this same period, the
rate among men increased by a factor of 2.) Women in
CPS-11 began smoking earlier in life, smoked for more
years, and reported inhaling moderately or deeply
more often than did women in CPS-I. These findings
probably largely explain the higher RR among smok-
ers in CPS-11 than in CPS-I, the corresponding greater
differences in absolute risk among women smokers

and nonsmokers, and the narrowing of the gender
gap for these measures over time (Thun et al. 1997a)
(Table 3.6).

The risk for lung cancer mortality increases with
the number of cigarettes smoked (USDHHS 1989b)
(Table 3.5). In CPS-1I, the RR for lung cancer death
increased from 3.9 among women who smoked 1 to 9
cigarettes per day to 21.4 among women who smoked
one to two packs of cigarettes (21 to 39 cigarettes) per
day (Thun et al. 1997a). Analyses from a cohort study
of subscribers of a large health maintenance organiza-
tion (HMO) (Kaiser Permanente Medical Health Care
Program Study) also showed a RR of 21.7 among
women who smoked 20 or more cigarettes per day
(Table 3.5). The risk increased 12.0 times among
women who smoked for 20 to 39 years and 27.5 times
for women who smoked 40 or more years (data not
shown) (Friedman et al. 1997).

The age-adjusted RR among current smokers and
among persons who had never smoked varies with
race and ethnicity. The RR was lower among Asian
women (3.2) than among black women (23.5) or white
women (18.6) in an HMO cohort study (Friedman et
al. 1997). These differences may reflect racial or ethnic
differences in dose, duration, and intensity of smok-
ing (Shopland 1995). Cohort studies have not includ-
ed enough minority women to allow comparison of
the dose-response effect of smoking and lung cancer
among racial and ethnic groups.

In CPS-11, RRs decreased after cessation of ciga-
rette smoking. The RR for death from lung cancer
among women former smokers was about 50 percent
lower than that among women current smokers, but it
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was still higher than that among women who had
never smoked (Table 3.5). The RR for lung cancer in
both the HMO study and CPS-IlI decreased with
increased duration of smoking cessation (Table 3.7).
CPS-1l data showed marked reductions in RR within
3 to 5 years after smoking cessation, especially among
lighter smokers. However, lung cancer mortality
remained higher among women former smokers than
among those who had never smoked, even after more
than 15 years of smoking cessation (USDHHS 1990).

Evidence from Case-Control Studies

More than 20 case-control studies of smoking
and lung cancer that included women have been
reviewed (USDHEW 1971, 1979; USDHHS 1982).
Table 3.8 presents estimated RRs from 11 studies re-
ported during 1985-1993 from the United States,
Canada, and northern Europe. Each of these studies
included approximately 100 or more cases of lung
cancer among women. Consistent with findings in
cohort studies and temporal trends in women’s smok-
ing, results of case-control investigations showed an
increase in smoking-associated risk for lung cancer
during the 1950s through 1970s (USDHHS 1982). A
steep upward gradient in risk with the number of cig-
arettes smoked per day was reported from almost all
case-control studies of smoking and lung cancer

among women conducted during the 1980s (USDHHS
1989b). The estimated risk for lung cancer among
women who smoked 20 or more cigarettes per day rel-
ative to nonsmokers (10- to 20-fold excess risk) was re-
markably consistent in both hospital- and population-
based studies in Europe and North America.

Lung cancer risk increased with the number of
years of smoking, and this increase was indepen-
dent of the number of cigarettes smoked per day
(Schoenberg et al. 1989; Osann 1991). The RRs were 2
to 3 among women who smoked for shorter durations
(<20 years [Osann 1991], <20 pack-years [pack-years
is the number of packs of cigarettes smoked per day
multiplied by the number of years of cigarette smok-
ing] [Sellers et al. 1991], or <35 years and <20 ciga-
rettes per day [Schoenberg et al. 1989]) and 8 to 24
among those who smoked for longer durations. The
risk for lung cancer was two to four times higher
among women who inhaled tobacco smoke frequent-
ly and deeply than among those who did not inhale
(Potter et al. 1985; Osann 1991) (data not shown).

Age at initiation of smoking is closely associated
with the number of years of smoking. Because
women who smoked for the longest duration usually
began to smoke at younger ages, it is difficult to
separate the independent effect of each factor related
to lung cancer risk (Thun et al. 1997c). Although a

Table 3.7. Age-adjusted relative risks for lung cancer associated with smoking status and smoking

cessation among women, cohort studies

Study Smoking status

Number of years

of cessation Relative risk

Never smoked
Former smokers

Kaiser Permanente Medical
Care Program Study 1979-1987

Cancer Prevention Study Il Never smoked

1982-1988

Former smokers

NA* 1.0

2-10 8.4

11-20 3.8

>20 4.4

NA 1.0

Number of
cigarettes/day

1-19 320

<1 7.9 34.3

1-2 9.1 19.5

3-5 2.9 14.6

6-10 1.0 9.1

11-15 15 5.9

316 14 2.6

*NA= Not applicable.

Sources: U.S. Department of Health and Human Services 1990; Friedman et al. 1997.

198 Chapter 3



Women and Smoking

Table 3.8. Relative risks for lung cancer among women smokers compared with nonsmokers, by smoking
status and quantity smoked, case-control studies

Relative risk (95% confidence
interval) by smoking status

Number of Ever Current Former Relative risk (95% confidence interval)
Study cases/controls  Source smoked smokers smokers by quantity/duration of smoking
Humble 173/272 Registry —* — 6.5 <20 cigarettes/day 19.2 (6.5-60.8)
et al. 1985 (2.8-15.4) 3 20cigarettes/day  16.0 (6.7-36.3)
Benhamou 967/192 Hospital 6.6 — — <10 cigarettes/day 1.2¢
etal. 1987 (3.0-14.4) 10-19 cigarettes/day 2.9 (1.2-7.2)
3 20cigarettes/day 20.0 (6.0-66.9)
Schoenberg 994/995 Population 8.5 — — <20 cigarettes/day
et al. 1989 (6.7-10.8) <35 years 3.2 (2.3-44)
3 35years 8.4 (6.2-11.2)
3 20 cigarettes/day
<35 years 6.5 (4.5-9.4)
3 35years 16.0 (11.9-21.7)
Svensson 210/209 Population 6.4 — 2.6 <10 cigarettes/day 46 (2.5-9.3)
et al. 1989 (4.0-10.5) (1.4-5.1) 11-20cigarettes/day 12.6 (6.5-25.2)
3 20 cigarettes/day  59.0 (7.6-)°
Katsouyanni 101/89 Hospital — 3.4 — 3 30 cigarettes/day 75 (24-23.2)
etal. 1991 (1.8-6.6)
Osann 1991 217/217 Registry 6.7 9.1 25 <20 cigarettes/day 25 (1.2-5.2)
(3.7-12.0) (4.8-17.3)  (1.1-5.9) 32 20cigarettes/day  12.6 (6.2-25.6)
£ 20 years 1.6 (0.7-3.5)
>20 years 116 (5.8-23.3)
Sellers et al. 152/1,900  Registry — 18.3 5.3 0-19 pack-years 34 (1.7-6.8)
1991 (11.1-30.3) (3.7-11.2) 20-39 pack-years 12.7 (7.3-21.9)
3 40 pack-years 239 (14.1-40))
Brownson 5212/ Registry 12.7 13.6 11.6 <20 cigarettes/day 8.4 (7.2-9.7)
et al. 1992b >10,000P (11.5-13.9) (12.3-15.1) (10.4-13.0) ® 20cigarettes/day  17.1 (15.3-19.1)
Hegmann 100/1,087  Registry — — — Age at smoking
etal. 1993 initiation
£ 25 years 26.8 (15.4-46.8)
>25 years 48 (1.0-22.1)
Osann et al. 833/1,656  Registry 15.0 19.6 8.1 <40 cigarettes/day 14.4 (11.0-189)
1993 (11.8-19.1) (15.2-25.2) (6.0-11.0) 3 40cigarettes/day  40.9 (29.3-57.1)
Risch et al. 4427410 Registry 9.2 16.8 8.0" <30 pack-years 7.3 (4.1-13.0)
1993 (5.95-15.1)  (9.9-30.6)  (4.3-15.9) 30-59 pack-years 26.7 (14.0-50.6)
3 60 pack-years 819 (25.2-267)

*Dash = Data not available.

"Kreyberg | cases (squamous cell, small cell, and large cell carcinoma).

*Not statistically significant.

SUpper confidence limit is not provided because of the small numbers in this category.
PThe exact number of controls is not specified, but authors state that the ratio of controls to cases was approximately 2.5.
TFormer smokers who had stopped smoking 2-10 years previously.
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significant increase in risk with early age at smoking
initiation was noted in one study of women (Heg-
mann et al. 1993), other studies showed no such
increase after adjustment for duration of smoking
(Svensson et al. 1989; Benhamou and Benhamou
1994). A differential effect for age at initiation, inde-
pendent of the quantity of cigarettes smoked and the
duration of smoking, would imply that the lung is
more susceptible to the carcinogenic effects of ciga-
rette smoke at a younger age.

Data from case-control studies generally support
the association between tar level of cigarettes and lung
cancer risk observed in some cohort studies (Stellman
and Garfinkel 1986; Garfinkel and Stellman 1988;
Sidney et al. 1993; Stellman et al. 1997). Women who
smoked nonfiltered cigarettes had higher risk than did
women who smoked filter-tipped brands (Pathak et
al. 1986; Wynder and Kabat 1988; Lubin et al. 1984;
Stellman et al. 1997). Several researchers attempted to
account for variation in tar yield over time and by
brand of cigarettes. Kaufman and colleagues (1989)
examined dose-response relationships by using the
average tar content of cigarettes smoked over a speci-
fied period. Zang and Wynder (1992) constructed an
index of cumulative tar exposure. Both methods
showed an increase in lung cancer risk among women
with increased exposure to tar. Limitations of studies
of tar exposure include use of surrogate measures for
tar in some studies (e.g., presence or absence of a fil-
ter), use of a machine-derived tar yield of specific
brands at a certain time or during a short interval, and
failure to account for compensatory changes in smok-
ing habits (e.g., increased depth of inhalation or num-
ber of puffs). Underestimation of actual exposure to
tar levels in human-based or machine-derived results
of Federal Trade Commission (FTC) testing methods
to date has long been a concern (National Cancer
Institute 1996a; Djordjevic et al. 2000).

Few case-control studies reported data on varia-
tion in smoking-associated risk by race or ethnicity. In
a hospital-based study, the odds for lung cancer were
higher among black women than among white
women at each level of tar exposure (Harris et al.
1993). Although RRs were generally higher among
black women across all histologic types of lung cancer,
the differences were greater for the types most strong-
ly associated with smoking. Humble and cowork-
ers (1985) found no significant differences between
non-Hispanic white women and Hispanic women in
dose-response relationships. A case-control study
examined risk for lung cancer by race and ethnicity
among women in Hawaii who had ever smoked
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(Le Marchand et al. 1992). Relative to Japanese wom-
en, RRs were higher among Hawaiian (1.7), Caucasian
(2.7), and Filipino (3.7) women and lower among
Chinese women (0.4), after adjustment for pack-years
of smoking and age. However, these results were
not statistically significant. Differences across ethnic
groups in the reporting of smoking habits or the inten-
sity of smoking may be responsible for some of the
observed differences in lung cancer risk.

Case-control studies of lung cancer risk among
women former smokers were described previously
(USDHHS 1990). Retrospective investigations report-
ed since 1985 all showed lower risk among former
smokers than among current smokers (Table 3.8). Risk
declined within 5 years of smoking cessation, varied
with the level of previous exposure, but remained
higher than the risk among those who had never
smoked, even after 20 years of abstinence. The rate of
decline in risk with years of abstinence is not well
characterized because of the small number of former
smokers, particularly long-term former smokers, in
most case-control studies.

Differences by Gender

Although the RR for death from lung cancer
among women current smokers increased over time
(Thun et al. 1997a), all but one of the six major cohort
studies (Table 3.5) showed lower RRs among women
than among men (Kaiser Permanente Medical Care
Program Study). The difference is believed to result
from the time lag in smoking initiation among
women and thus the lower cumulative exposure to
smoking among birth cohorts of women (Burns et al.
1997b). In CPS-I, the RRs among women smokers
were approximately one-fifth as high as those among
men (Thun et al. 1997a). Among women smokers in
CPS-I11, death rates and RRs were about one-half those
among men smokers in CPS-1l and were equal to
those among men 20 years earlier in CPS-I (Thun et al.
1997a). Differences in RR may be due to differences
between women and men in duration and intensity of
smoking within each age- and quantity-specific stra-
tum or to residual confounding within these large
strata (Thun et al. 1997c). Cohort studies generally
have not been large enough to allow comparison of
RR for subgroups of women and men of exactly com-
parable age and smoking exposure. However, within
categories defined by age, number of cigarettes
smoked, and duration of smoking in years that were
examined using CPS-11 data, men generally had high-
er lung cancer death rates than did women (Thun et
al. 1997a) and the rate ratios associated with smoking



were generally higher among men than among wom-
en (Thun et al. 1997b). A pooled analysis of data from
three prospective population-based studies conduct-
ed in the area of Copenhagen, Denmark (13,444 wom-
en and 17,430 men), examined risk for lung cancer by
pack-years of smoking and gender. After adjustment
for pack-years of smoking, the ratio of female to male
smokers’ RRs for developing lung cancer was 0.8 (95
percent ClI, 0.3 to 2.1) (Prescott et al. 1998b). On the
other hand, results from the HMO study found that
risk was higher among female heavy smokers than
among male heavy smokers in every age group
(Friedman et al. 1997).

Some case-control studies have found RRs
among women that were nearly equal to (Schoenberg
et al. 1989; Osann et al. 1993) or higher than those
among men (Brownson et al. 1992b; Risch et al. 1993;
Zang and Wynder 1996). A lower baseline risk for
lung cancer or higher cigarette consumption among
women smokers could explain the higher RR associ-
ated with ever smoking cigarettes among women
(Hoover 1994; Wilcox 1994). In cohort studies, how-
ever, the death rates for lung cancer have been similar
among women and men who had never smoked
(Burnsetal. 1997a; Thun et al. 1997a), and U.S. nation-
al survey data showed that the proportion of heavy
smokers has consistently been higher over the years
among men, not women (see Chapter 2). Several
possible reasons may explain the higher smoking-
associated RRs for lung cancer among women than
among men reported from some case-control studies.
The smoking patterns of women and men may differ
in ways that have not been entirely accounted for in
the study design and analysis. Women may under-
report daily consumption of cigarettes and may,
therefore, appear to have a higher risk than men for a
given gquantity smoked. Because smoking prevalence
has always been higher among men than women
(even though the gender gap has narrowed over
time), women who smoke may also be more likely
than men to be exposed to spousal smoking, which is
itself associated with an increased risk for lung cancer
(see “Environmental Tobacco Smoke” later in this
chapter). Even when women smoke the same number
of cigarettes as men do, exposure to cigarette smoke
may be greater among women than among men
because of differences in puff volume, puff frequency,
or depth of inhalation. Alternately, women may be
more biologically susceptible to the effects of cigarette
smoke (Risch et al. 1993). McDuffie and colleagues
(1991) observed that women with lung cancer devel-
oped disease at a younger age than did men and had
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a similar level of pulmonary dysfunction, but after
less exposure to cigarette smoking. It is also likely that
some of the observed gender differences represent
chance findings. Thus, no conclusion regarding dif-
ferential gender susceptibility to smoking-related
lung cancer can be made at present.

Differences by gender in the proportion of lung
cancer deaths directly attributable to current smoking
are small. In CPS-II, the proportion of lung cancer
deaths attributable to current smoking was 92 percent
among women and 95 percent among men (Thun et
al. 1997¢). Smoking attributable fractions of deaths
among women current smokers decreased with age,
from 95 percent among women aged 45 through 49
years to 86 percent among women aged 80 years or
older. This decrease among older women smokers
likely is a result of differences in the smoking histories
of older women, including later ages of initiation and
lower cumulative exposures to smoking (Burns et al.
1997b). Nearly the same proportion of lung cancer
deaths among women and men could be prevented
by eliminating cigarette smoking.

Histologic Types

Lung cancers are classified into four main cate-
gories: squamous cell carcinoma, small cell carcino-
ma, adenocarcinoma, and large cell carcinoma (Churg
1994). Differences in histologic type have been
observed between smokers and nonsmokers, and
among smokers, gender-specific differences may be
seen in the distribution of lung cancers by histologic
type (Muscat and Wynder 1995b) (Table 3.9). In 1962,
Kreyberg hypothesized that smoking causes squa-
mous cell, small cell, and large cell carcinomas (Krey-
berg type 1), but that other factors cause adenocarci-
noma and bronchioloalveolar carcinoma (Kreyberg
type Il) (Kreyberg 1962). Squamous cell carcinoma
has long been the predominant type of lung cancer
found among men, and adenocarcinoma has been
predominant among women. Kreyberg (1962) based
his hypothesis on this difference and on differences in
the smoking habits of women and men at the time.

Although some early studies suggested that
smoking might not be responsible for some histologic
types of lung cancer, the association between smoking
and all the major histologic types has been recognized
since the 1980 Surgeon General’s report (USDHHS
1980). Studies conducted since that report have con-
firmed that smoking strongly increases the risk for the
four major types of lung cancer among women (Table
3.10). The risk was significantly higher among smokers
than among women who had never smoked and, in
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Table 3.9. Percent distribution of lung cancer cases, by gender, histologic type, and smoking status

Women (n = 2,098)

Men (n = 3,756)

Current Former Never Current Former Never
Histologic type smokers smokers smoked smokers smokers smoked
Adenocarcinoma 42 44 59 32 34 58
Squamous cell carcinoma 20 20 12 35 37 19
Small cell carcinoma 19 12 3 15 11 0
Other 19 24 26 18 18 23

Source: Compiled from Muscat and Wynder 1995b.

general, increased as the quantity of cigarettes
smoked increased (Lubin and Blot 1984; Wu et al.
1985; Schoenberg et al. 1989; Svensson et al. 1989;
Katsouyanni et al. 1991; Morabia and Wynder 1991;
Osann 1991; Brownson et al. 1992b; Osann et al. 1993;
Zang and Wynder 1996) (Table 3.10). Risk also in-
creased with duration of smoking (Schoenberg et al.
1989; Osann 1991; Risch et al. 1993) and depth of
inhalation (Osann 1991) (data not shown). In one
study, after adjustment for duration, risk did not in-
crease with early age at smoking initiation for any his-
tologic type of lung cancer (Svensson et al. 1989) (data
not shown). Risk was generally lower among former
smokers than among current smokers for each type of
lung cancer (Wu et al. 1985; Svensson et al. 1989;
Morabia and Wynder 1991; Osann 1991; Brownson et
al. 1992b; Osann et al. 1993) (Table 3.10). Risk also
decreased with duration of smoking cessation
(Svensson et al. 1989; Morabia and Wynder 1991;
Risch et al. 1993) (data not shown).

Among women, the RRs among smokers com-
pared with those who had never smoked were con-
sistently highest for small cell carcinoma (range, 37.6
to 86.0), followed by squamous cell carcinoma (range,
10.6 to 26.4), and then adenocarcinoma (range, 3.5 to
9.5) (Potter et al. 1985; Schoenberg et al. 1989;
Brownson et al. 1992b; Osann et al. 1993; Risch et al.
1993) (Table 3.11). At each dose level of smoking, the
RR was higher for small cell carcinoma than for squa-
mous cell carcinoma and lowest for adenocarcinoma
(Schoenberg et al. 1989; Brownson et al. 1992b; Osann
et al. 1993; Zang and Wynder 1996) (data not shown).
With the exception of the study by Risch and associ-
ates (1993), several investigators found that the risk
among men was equally high for small cell and squa-
mous cell carcinoma but lower for adenocarcinoma
(Table 3.11). The RR among women and men who had
ever smoked differed by less than a factor of 2 for
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adenocarcinoma (generally higher among men) and
squamous cell carcinoma (higher among women in
one-half of the studies), but the RR for small cell car-
cinoma among women consistently exceeded that
among men by at least two to three times. In one
study, dose-response RRs associated with specific lev-
els of cumulative exposure to cigarette smoke (in kilo-
grams of tar) were significantly higher by 1.5 to 1.7
times among women than among men for all three
major histologic types (Zang and Wynder 1996).

Comparisons among histologic types and be-
tween women and men are subject to limitations
because of diagnostic uncertainties, unstable esti-
mates, and difficulties in assessment of cumulative
exposure. Accurate classification of lung cancers into
the four main histologic categories is compromised
by interobserver variability and intrinsic tumor het-
erogeneity (Churg 1994). Comparisons of smoking-
associated RR among histologic types and between
genders are also limited by the small humbers of
study participants who had never smoked. This limi-
tation results in unstable risk estimates with wide,
overlapping Cls. The lower smoking-associated risk
for adenocarcinoma could be explained by a higher
baseline risk for adenocarcinoma among women who
had never smoked—a risk that is possibly due to
exposure to ETS or other factors. Consistent with this
explanation, adenocarcinoma does constitute a great-
er proportion of lung cancers among nonsmokers
than among current or former smokers (Brownson et
al. 1995; Muscat and Wynder 1995b). The subjective
assessment of exposure to cigarette smoke may also
differ between women and men.

Temporal Trends

Over time, the smoking habits of women have
changed to more closely resemble those of men
(Burns et al. 1997a). Differences between women and



men in histologic patterns of lung cancer have less-
ened but have not disappeared (Wynder and Hoff-
man 1994).

The incidence of each of the main histologic
types of lung cancer has increased among women
since 1973, but adenocarcinoma had the greatest per-
cent increase (206 percent during 1973-1992) (Sur-
veillance, Epidemiology, and End Results Program,
unpublished data) (Figure 3.8). Among men, the over-
all lung cancer rate has begun to decline, but adeno-
carcinoma increased by 84 percent during 1973-1992.
The increasing incidence of adenocarcinoma among
both women and men may reflect the increase over
time in the use of filter-tipped and low-tar cigarettes,
which may result in greater deposition of smoke par-
ticles in the small airways of the lung periphery
(Zheng et al. 1994). Yang and colleagues (1989)
observed that smoke from filter-tipped and low-tar
cigarettes contains fewer large particles and more
small particles and may preferentially predispose
smokers to peripheral tumors such as adenocarcino-
ma. Case-control results support an increased risk for
adenocarcinoma among smokers of low-tar cigarettes
(Stellman et al. 1997).

Analyses of gender-specific lung cancer trends
by histologic type from data from the United States,
Switzerland, and elsewhere showed that changes
over time represent birth cohort effects reflecting gen-
der-specific and generational changes in smoking and
the types of cigarettes consumed (Levi et al. 1997,
Thun et al. 1997b). For example, smoking among
women was on the increase when filter-tipped and
lower yield cigarettes were introduced. Such products
are more likely to be inhaled than high-tar, unfiltered
cigarettes because they are less irritating and because
smokers compensate for the lower yield by smoking
more intensely (greater number and depth of puffs).
Thus, carcinogens may be more likely to travel
beyond the central bronchi, where squamous cell
carcinomas often occur, and to reach the bronchi-
oloalveolar regions and smaller bronchi, where ade-
nocarcinomas typically develop. Among women, the
incidence of small cell carcinoma has increased
steeply since 1973 and smaller increases have been
seen in squamous cell carcinoma (Dodds et al. 1986;
Wau et al. 1986; Butler et al. 1987; el-Torky et al. 1990;
Devesa et al. 1991; Travis et al. 1995). An increase in
bronchioloalveolar carcinoma found in hospital-
based studies (Auerbach and Garfinkel 1991; Barsky
et al. 1994) was not confirmed in population-based
studies (Zheng et al. 1994). Analysis of more recent
trends showed that rates for squamous cell carcinoma
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among women have remained fairly stable since the
mid-1980s, rates for large cell carcinoma have de-
creased since the late 1980s, and rates for small cell
carcinoma declined between 1991 and 1996. Incidence
rates for adenocarcinoma, however, continued to in-
crease, but the rate of increase appeared to be slowing
(Wingo et al. 1999). Examination of trends by birth
cohort revealed a decrease in the incidence of squa-
mous cell carcinoma among birth cohorts of women
and men born since 1935 and a reduction in the rate of
increase in small cell carcinoma and adenocarcinoma
among birth cohorts of women born since 1940
(Zheng et al. 1994).

Changes over time in the overall age-adjusted in-
cidence of lung cancer can be primarily attributed to
changes in smoking prevalence (Burns et al. 1997a).
The steep rise in the incidence among women began in
the 1960s and trailed the increase among men by about
20 years—a finding that reflects the later adoption of
smoking by women. The recent decline in rates for
squamous and small cell carcinomas and the slower
rate of increase for adenocarcinoma among younger
birth cohorts (Zheng et al. 1994) may be related to the
decrease in smoking prevalence among these groups.
Changes in smoking prevalence, however, may not
explain all of the observed male-female differences in
incidence patterns by histologic type. Additional risks
related to use of low-tar, low-nicotine cigarettes and
increasing exposure to tobacco-specific nitrosamines
(TSNASs) may partially explain the increase in adeno-
carcinoma among women and men beginning in the
1970s (Wynder and Hoffman 1994).

Tobacco-Specific Nitrosamines

Wynder and Hoffman (1994) raised concerns
about the level of TSNA carcinogens in brands of cig-
arettes smoked by women. The level of TSNA carcino-
gens in tobacco products is known to vary according
to blend (Fischer et al. 1989), processing (Burton et al.
1989), and storage (Andersen et al. 1982c); this varia-
tion is a concern within the tobacco industry (Fisher
2000). As part of the validation of an analytical chem-
istry method to measure TSNAs in cigarette tobacco,
the 10 best selling brands in the United States in 1996
were tested (Song and Ashley 1999). Two cigarettes
from one pack of each brand were tested for
this analysis. In this report, the 10 cigarette brands
were ranked in the order of increasing N’-nitrosonor-
nicotine (NNN) level, and Virginia Slims cigarettes
(reported as Brand J in Table 5 in the report) (David
Ashley, CDC, e-mail to Patricia Richter, CDC, August
31, 2000) were found to have the highest levels of
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Table 3.10. Relative risks for lung cancer among women, by smoking status and histologic type,

case-control studies

Relative risk (95% confidence interval)

Squamous cell Small cell Adeno-
Study Years Smoking status carcinoma Kreyberg I* carcinoma carcinoma
Lubinand  1976-1980 Never smoked 1.0 1.0 1.0
Blot 1984 Ever smoked
1-9 cigarettes/day 2.8" 2.3t 1.0
10-19 cigarettes/day 2.4 2.41 2.0"
20-29 cigarettes/day 5.3 6.2 1.17
3 30 cigarettes/day  4.21 5.6 2.3f
Potter etal. 1976-1980 Nonsmokers 1.0 1.0 1.0
1985 Smokers 8.3 52.3" 4.0
Wu et al. 1981-1982 Nonsmokers 1.0 1.0
1985 Former smokers 7.7 (0.8-70.3) 1.2 (0.6-2.3)
Current smokers 35.3 (4.7-267.3) 4.1 (2.3-7.5)
1-20 cigarettes/day  17.7 (2.3-138.2) 2.7 (1.4-5.4)
3 21 cigarettes/day  94.4 (9.9-904.6) 6.5 (3.1-13.9)
Benhamou  1976-1980 Nonsmokers 1.0 1.0
et al. 1987 Smokers 6.6 (3.0-14.4) 2.1 (0.7-6.4)
Schoenberg 1982-1983 Nonsmokers 1.0 1.0 1.0
etal. 1989 All smokers
<20 cigarettes/day
<35 years 2.7 (1.4-5.1) 19.0 (6.4-56.5) 2.0 (1.3-3.2)
3 35years 12.0 (7.4-19.6) 62.5 (22.3-176.0) 3.9 (2.6-5.9)
3 20 cigarettes/day
<35 years 7.7 (4.1-14.3) 40.6 (13.5-122.0) 3.4 (2.0-5.6)
3 35years 21.4 (13.1-34.9) 140.0 (49.8-391.0) 6.8 (4.5-10.1)
Svensson 1983-1986 Never smoked 1.0 1.0 1.0
et al. 1989 Former smokers 4.0 (1.0-16.9) 9.1 (1.4-69.7) 1.8 (0.8-4.3)
Current smokers
£ 10 cigarettes/day 9.7 (2.9-45.9) 33.7 (6.9-265.3) 2.2 (1.0-5.8)
11-20 cigarettes/day 36.2 (12.0-168.9) 72.1 (11.9-452.6) 5.4 (2.4-13.2)
>20 cigarettes/day  96.0 (6.9-)* 215.8 (18.3-)* 19.7 (1.7-)}
Katsouyanni 1987-1989 Nonsmokers 1.0 1.0
etal. 1991 Former smokers 4.7 (1.05-21.1) 1.8 (0.4-8.7)
Current smokers
£ 20 cigarettes/day 3.2 (1.1-8.9) 1.4 (0.52-3.49)
>20 cigarettes/day 19.5 (5.4-71.1) 3.0 (0.76-11.41)

*Kreyberg | includes squamous cell, small cell, and large cell carcinoma.
'95% confidence interval was not reported.
*Upper confidence limit is not given; estimates are imprecise because of the small number of persons in the high-exposure

category.

NNN: 5.60 micrograms per gram (pug/g) of tobacco
with a relative standard deviation of 1.4 percent, ver-
sus 1.89 pg/g with a relative standard deviation of
11 percent for Brand A. Of the TSNAs, NNN and
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N’-nitrosoanatabine (NAT) levels correlated more
closely; however, 4-(methylnitrosamino)-1-(3-pyridyl)-
1-butanone (NNK) and N’-nitrosoanabasine (NAB) lev-
els did not correlate with NNN or NAT levels across



Table 3.10. Continued
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Relative risk (95% confidence interval)

Squamous cell Small cell Adeno-
Study Years Smoking status carcinoma Kreyberg I* carcinoma carcinoma
Morabiaand 1985-1990 Former smokers
Wynder <20 cigarettes/day 0.4 (0.1-1.2) 0.5 (0.1-2.0) 0.7 (0.4-1.3)
1991 3 20 cigarettes/day 2.0 (1.0-4.3) 1.8 (0.7-4.9) 0.9 (0.5-1.5)
Current smokers
1-19 cigarettes/day® 1.0 1.0 1.0
20-29 cigarettes/day 1.5 (0.7-3.3) 1.8 (0.7-4.9) 1.3 (0.8-2.2)
3 30 cigarettes/day 2.7 (1.3-5.7) 3.2 (1.2-8.1) 1.5 (0.9-2.6)
Osann 1991  1969-1977 Never smoked 10 1.0
Former smokers 12,6 (1.4-113.0) 1.7 (0.5-5.3)
Current smokers
<20 cigarettes/day 12.1 (1.5-96.3) 0.9 (0.3-2.7)
3 20 cigarettes/day 71.2 (8.3-609.0) 3.8 (1.6-8.8)
Brownson 1984-1990 Never smoked 10 10 1.0
et al. 1992b Former smokers 19.2 (15.2-24.2) 29.8 (22.0-40.3) 7.2 (6.2-8.5)
Current smokers 20.6 (16.6-25.6) 425 (32.1-566) 7.2 (6.2-8.3)
<20 cigarettes/day 11.7 (8.7-15.8) 25.6 (18.1-36.3) 5.8 (4.7-7.1)
3 20 cigarettes/day 26.1 (20.7-32.8) 53.1 (39.5-71.3) 8.6 (7.3-10.1)
Osannetal. 1984-1986 Never smoked 10 1.0 1.0
1993 Former smokers 135 (6.8-27.0) 433 (15.1-124.0) 5.8 (3.8-9.0)
Ever smoked
<40 cigarettes/day 24.0 (12.7-455) 76.7 (275-2150) 8.8 (6.1-12.8)
3 40 cigarettes/day 72.3 (36.8-142.0) 316.1 (111.0-9000) 24.2 (15.8-37.2)
Rischetal.  1981-1985 Never smoked 10 10 1.0
1993 Smoked 3 40 pack-years 101.0 (15.3-660.0) 87.3 (26.7-286.0) 8.8 (3.7-20.8)
Zang and 1981-1994 Never smoked 10 1.0
Wynder Current smokers
1996 1-10 cigarettes/day 9.3 (39-221) 45 (2.7-1.7)

11-20 cigarettes/day
21-40 cigarettes/day
3 41 cigarettes/day

33.0 (16.3-66.6)
749 (37.0-1515)
85.3 (29.5-247.1)

14.2 (9.6-20.9)
27.2 (17.8-41.6)
34.3 (16.2-72.5)

*Kreyberg | includes squamous cell, small cell, and large cell carcinoma.

SReferent group.

the 10 brands. Nevertheless, Virginia Slims had the
highest levels of both NAB and NAT and the second-
highest level of NNK. As alleged by a former Philip
Morris chemist, internal industry testing of Virginia
Slims cigarettes “found levels of nitrosamines 10 times
higher than other cigarettes, including Marlboros”
(Geyelin 1997). Although preliminary, these findings
call for the rigorous testing of Virginia Slims and other
cigarette brands popular among women who smoke.

Family History and Genetic Susceptibility Markers

Although approximately 90 percent of lung can-
cers are attributed to tobacco exposure, only a fraction
of smokers (<20 percent) will develop lung cancer in
their lifetime. Familial aggregation of lung cancer
provides indirect evidence for a role of genetic predis-
position to carcinogenesis from exposure to tobacco.
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Table 3.11. Relative risks for lung cancer associated with ever smoking for women and men, by
histologic type

Relative risk (95% confidence interval)

Squamous Small cell
Study Gender cell carcinoma carcinoma Adenocarcinoma
Potter et al. 1985 Women 8.3 52.3* 4.0*
Men 18.9 (7.0-51.3) 229 (3.2-166) 4.8 (1.9-12.0)
Brownson et al. 1992b Women 20.1 (16.4-24.8) 37.6 (28.5-49.3) 6.9 (6.1-7.8)
Men 11.1 (9.5-12.9) 114 (9.1-14.2) 8.2 (6.9-9.7)
Men 36.1 (17.8-73.3) 37.5 (13.9-102) 17.9 (10.4-31.0)
Risch et al. 1993 Women 25.5 (7.9-156) 48.0 (10.5-849) 35 (1.8-7.1)
Men 18.0 (5.5-111) 6.3 (2.2-27.0) 8.0 (2.3-50.6)

*95% confidence interval was not reported.

Lung cancer is prevalent in certain families
(Lynch et al. 1978; Paul et al. 1987). In case-control
studies, patients with lung cancer were more likely
than control subjects to report having relatives with
lung cancer (Lynch et al. 1986; Ooi et al. 1986; Samet
et al. 1986; Sellers et al. 1987; Horwitz et al. 1988; Wu
et al. 1988; Osann 1991; Shaw et al. 1991), and risk
appears to increase with the number of first-degree
relatives affected (Shaw et al. 1991). A study in
Germany examined the effects of smoking and family
history of lung cancer among case patients older than
age 45 years and among those aged 55 through 69
years, and among control subjects of comparable age.
After adjustment for pack-years of smoking, a first-
degree family history of lung cancer was associated
with a significantly increased risk for lung cancer
among those in the younger age group (RR, 2.6; 95
percent Cl, 1.1 to 6.0) but not the older age group (RR,
1.2; 95 percent CI, 0.9 to 1.6) (Kreuzer et al. 1998).
Gender-specific results were not reported in that
study, but the finding of a stronger association of fam-
ily history with early onset of disease is consistent
with an inherited predisposition. Another German
case-control study, in which 83 percent of subjects
were men, also found increased smoking-adjusted
RRs associated with lung cancer in a parent or sibling,
again with greater elevations in RR for cases diag-
nosed at younger (<51 years) relative to older ages
(Bromen et al. 2000). Paternal but not maternal histo-
ry of lung cancer was associated with increased risk.
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Elsewhere, smoking was found to interact synergisti-
cally with a family history of lung cancer and to
increase lung cancer risk by 30 to 47 times the risk for
nonsmokers with no family history of lung cancer
(Tokuhata 1963; Horwitz et al. 1988; Osann 1991). In
two studies, risk was greatest among female relatives
(Ooi et al. 1986) and sisters of probands (McDuffie
1991). Findings from segregation analysis were com-
patible with Mendelian codominant inheritance of a
rare major autosomal gene for predisposition to lung
cancer. These findings also supported a model in
which 62 percent of the population was susceptible
and women were both more susceptible and affected
at an earlier age than were men (Sellers et al. 1990).

These studies on patterns of inheritance suggest-
ed that a small proportion of lung cancer resulting
from cigarette smoking is due to “lung cancer genes”
that are likely to be of low frequency but high
penetrance. The discovery of high-penetrance/low-
frequency genes for lung cancer, however, is not like-
ly to explain the vast majority of lung cancers.
Instead, there may be low-penetrance genes of rela-
tively high frequency that interact with smoking to
increase the odds of developing lung cancer and for
which attributable risks may be high. This field of
investigation is burgeoning (Amos et al. 1992), but
few definitive conclusions can be drawn as to which
specific low-penetrance genes affect lung cancer risk
or whether there are differential gender-specific
effects.



Women and Smoking

Figure 3.8. Trends in lung cancer incidence among women, by histologic type, Surveillance, Epidemiology,

and End Results (SEER) Program, 1973-1992
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Source: SEER Program, unpublished data.

Mutations in the p53 tumor-suppressor gene are
more common in lung cancers among smokers than
among nonsmokers, and the p53 mutational spectra
differ between smokers and nonsmokers with lung
cancer (Bennett et al. 1999; Gealy et al. 1999). The
frequency of mutations correlates positively with
lifetime exposure to cigarette smoking, and good evi-
dence indicated that benzo[a]pyrene, a chemical car-
cinogen in cigarettes, causes specific p53 mutations
(Bennett et al. 1999).

Future research in this area may identify smokers
who, by virtue of their genetic profile, are at particu-
larly high risk and may determine whether gender-
specific differences exist in the effects of genetic
susceptibility markers on the risk for lung cancer
associated with smoking. It is unlikely that one mark-
er alone will be completely predictive of lung cancer

] LRl

risk; it is more likely that multiple susceptibility fac-
tors must be accounted for to represent the true
dimensions of interactions between genes and expo-
sure to tobacco.

Other Risk Factors

Cigarette smoking is overwhelmingly the most
important cause of lung cancer. However, other risk fac-
tors that influence susceptibility to the effects of smok-
ing have been identified (Kabat 1993; Ernster 1994);
these include exposure to carcinogens such as radon
and asbestos that act synergistically with cigarette
smoking to increase lung cancer risk (Reif and Heeren
1999). Selected environmental exposures and host
characteristics that may alter lung cancer risk in combi-
nation with cigarette smoking are discussed here.
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Diet

The role of diet in the etiology of lung cancer has
been reviewed and is supported by a large body of
experimental and epidemiologic evidence (Goodman
1984; Colditz et al. 1987; Fontham 1990; Willett 1990).
Both prospective studies (Hirayama 1984b; Steinmetz
et al. 1993) and retrospective studies (Fontham et al.
1988; Koo 1988; Le Marchand et al. 1989; Jain et al.
1990) of women reported a 50-percent reduction in risk
for lung cancer associated with high intake of fruits
and vegetables containing beta-carotene. Although
three studies found a significant protective effect of
these dietary factors among women nonsmokers (Koo
1988; Kalandidi et al. 1990; Mayne et al. 1994), most
studies included few nonsmokers and noted a pro-
tective effect primarily among smokers. This finding
suggested a possible interaction of diet with smoking
(Fontham 1990). No consensus has emerged about
which group of smokers may enjoy the greatest pro-
tection—current smokers (Dorgan et al. 1993), heavy
smokers (Dorgan et al. 1993), light smokers (Fontham
et al. 1988; Le Marchand et al. 1989), or former smokers
(Samet et al. 1985; Humble et al. 1987b; Steinmetz et al.
1993). Research has shown a reduced risk for squa-
mous and small cell carcinomas, which occur predom-
inantly among smokers, but has not shown a reduced
risk for adenocarcinoma. These findings provided
additional support for a possible interaction between
smoking and consumption of carotenoids (Byers et al.
1987; Fontham et al. 1988). However, other studies re-
ported significant inverse associations between carot-
enoids and adenocarcinoma (Wu et al. 1985, 1988; Koo
1988), large cell carcinoma (Steinmetz et al. 1993), and
lung cancers of all cell types (Dorgan et al. 1993; Wu et
al. 1994).

Despite the protective effects associated with
fruits and vegetables in observational studies, large-
scale, randomized intervention trials showed either
no benefit or a possibly harmful effect, at pharmaco-
logic doses, of beta-carotene supplementation on lung
cancer mortality, and no effect was found for alpha-
tocopherol (Alpha-Tocopherol Beta-Carotene Cancer
Prevention Study Group 1994; Omenn et al. 1996).
Only one of the trials included women (Omenn et al.
1996).

Protective effects of preformed vitamin A (ret-
inol) (Pastorino et al. 1987; Fontham et al. 1988; Koo
1988), vitamin C (Fontham et al. 1988; Koo 1988), vita-
min E (Comstock et al. 1991; Mayne et al. 1994), and
selenium (van den Brandt et al. 1993) were reported in
some studies, but others reported no effect (Hinds et
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al. 1984; Samet et al. 1985; Wu et al. 1985, 1988; Byers
et al. 1987; Humble et al. 1987b; Le Marchand et al.
1989). Epidemiologic studies of a possible increase in
lung cancer risk with increased consumption of fat
and cholesterol yielded conflicting results (Jain et al.
1990; Goodman et al. 1992; Alavanja et al. 1993; Wu et
al. 1994). The ability to examine both independent
associations and interactions of dietary factors with
smoking is limited by small sample sizes and by inad-
equate estimation and analytic control for exposure to
smoking.

Occupation

Few studies have examined specific occupational
risks for lung cancer among women. Hazardous occu-
pational exposures may explain 5 percent of lung can-
cers among women and 15 percent among men (Doll
and Peto 1981). Occupational studies are often subject
to limitations because of an inadequate number of
women and insufficient adjustment for the effects of
cigarette smoking.

Regardless of limitations of studies, investigators
have identified several occupational exposures that
interact synergistically with smoking to increase risk
beyond that observed for smoking alone (lves et al.
1988; Saracci and Boffetta 1994). Results of combined
analysis for Japanese women and men exposed to
arsenic-contaminated drinking water supported a
previously observed synergistic effect for smoking
and arsenic exposure (Hertz-Picciotto et al. 1992;
Tsuda et al. 1995).

Air Pollution

Although most cohort studies conducted in the
1950s through the 1970s that considered the effects
of air pollution included only men, more recent case-
control studies have included women and have
attempted to control for smoking and other con-
founders. A case-control study in New Mexico found
that living in urban areas was associated with in-
creased smoking among non-Hispanic, white female
controls; however, in multivariate analyses, living in
urban areas was not associated with increased risk
for lung cancer (Samet et al. 1987). Researchers also
noted a significant association between smoking and
duration of urban residence among women in the
Niagara region of Ontario (Holowaty et al. 1991).
However, even after adjustment for smoking,
women in Shenyang, China, had a twofold increase
in risk for lung cancer that was associated with liv-
ing in a smoky environment, residing near industrial



factories, and using coal-burning stoves (Xu et al.
1989). In Poland, researchers found interaction
between the effects of smoking and air pollution
among men but not among women (Jedrychowski et
al. 1990). Among women in Athens, a nonsignificant
interaction between the effects of smoking duration
and air pollution was reported (Katsouyanni et al.
1991). Although data are potentially consistent with
a small role for air pollution in lung cancer risk, the
limitations of inadequate control of confounding
from smoking and occupational exposures and the
difficulties in measuring cumulative exposure pre-
clude definite conclusions.

Radon and lonizing Radiation

Radon gas is released from the decay of radium
in rock, soil, and water, and it accumulates in mines,
caves, and buildings. Findings in studies of uranium
miners indicated that radon is a cause of lung cancer
and suggested a synergistic effect with cigarette
smoking (Samet 1989b; Samet et al. 1989; Lubin 1994;
National Research Council 1999). Because women
have traditionally spent more time in the home, they
have a higher risk from exposure to residential radon
than do men.

Results from studies of atomic bomb survivors,
who are at increased risk for lung cancer, were
consistent with either a multiplicative or additive
relationship among radiation, smoking, and risk
(Prentice et al. 1983). Elsewhere, an excess risk for
developing lung cancer 10 or more years following
radiotherapy for breast cancer was observed among
women smokers (Neugut et al. 1994). Compared with
nonsmokers who were not exposed to radiotherapy,
study participants who were exposed to radiation
alone had a RR of 3, those who smoked but were not
exposed to radiation had a RR of 14, and those who
both smoked and were exposed to radiation had a RR
of nearly 33. Because no increased risk was found for
the first 10 years after radiotherapy, some doubt
exists about the causal nature of the association.
Current radiotherapy practices deliver substantially
less radiation to the lungs than previously and reduce
any potential hazard.

Conclusions

1.  Cigarette smoking is the major cause of lung
cancer among women. About 90 percent of all
lung cancer deaths among U.S. women smokers
are attributable to smoking.

Women and Smoking

2. Therisk for lung cancer increases with quantity,
duration, and intensity of smoking. The risk for
dying of lung cancer is 20 times higher among
women who smoke two or more packs of ciga-
rettes per day than among women who do not
smoke.

3. Lung cancer mortality rates among U.S. women
have increased about 600 percent since 1950. In
1987, lung cancer surpassed breast cancer to
become the leading cause of cancer death
among U.S. women. Overall age-adjusted inci-
dence rates for lung cancer among women
appear to have peaked in the mid-1990s.

4. In the past, men who smoked appeared to have
a higher relative risk for lung cancer than did
women who smoked, but recent data suggest
that such differences have narrowed consider-
ably. Earlier findings largely reflect past gender-
specific differences in duration and amount of
cigarette smoking.

5. Former smokers have a lower risk for lung can-
cer than do current smokers, and risk declines
with the number of years of smoking cessation.

International Trends in Lung Cancer
Among Women

In 1990, cancers of the trachea, bronchus, and
lung accounted for about 10 percent of all cancer
deaths among women worldwide. The proportion of
cancers varied widely among countries, which re-
flects the historical differences across countries in
smoking initiation by women. Among women in
Canada, the United Kingdom, and the United States,
20 percent or more of all cancer deaths were due to
lung cancer; among women in France, Portugal, and
Spain, the proportion was less than 5 percent. The
estimated number of lung cancer deaths among
women worldwide increased 23 percent between
1985 and 1990 (Pisani et al. 1999).

Since the early 1950s, lung cancer mortality for
women in many industrialized countries has risen, on
average, by more than 300 percent (Peto et al. 1994).
Meanwhile, death rates among women for all other
cancers combined have fallen by about 6 to 8 percent
(Lopez 1995). Large prospective studies in the United
Kingdom, the United States, and other industrialized
countries showed that lung cancer death rates among
nonsmokers have remained low, constant, and com-
parable among women and men (USDHHS 1989b;
NCI 1997). These rates, about 5 cases per 100,000 per-
sons (standardized to the European age structure of
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the World Health Organization [WHO]), are similar
to the rates found for women in Southern Europe,
where smoking prevalence among women has been
low until recently.

Breast cancer has been the leading cause of can-
cer death among women in the industrialized world
as a whole for about the last four decades. However,
in some countries, notably Canada, Denmark, Scot-
land, and the United States, lung cancer now exceeds
breast cancer as the principal cause of cancer death.
Because lung cancer mortality is increasing among
women in many countries, this crossover of death
rates for the two cancer sites will probably occur in
other countries as well. For women in the United
States, the death rate for lung cancer also overtook the
rate for colorectal cancer around 1980.

Trends in Developed Countries

The predominant determinant of the lung cancer
trends among both women and men is cigarette
smoking (Peto et al. 1994). Several decades elapse
between the initiation of regular smoking by a partic-
ular generation and the manifestation of smoking-
related lung cancer risk in that cohort (Doll and Peto
1981; Harris 1983; Brown and Kessler 1988). In the
United States, for example, cigarette consumption
among women did not substantially take hold until
the 1930s and 1940s (USDHHS 1980) (see “Historical
Trends in Smoking” in Chapter 2), and until the early
1960s, lung cancer death rates were low.

Data from the early 1990s indicated that Den-
mark (35.6 per 100,000 women) and the United States
(36.9 per 100,000 women) had the highest lung cancer
death rates. Australia, Canada, Hungary, New
Zealand, England, Wales, and Ireland had rates around
20 to 30 deaths per 100,000 women (Table 3.12). These
are some of the countries in which women first began
cigarette smoking and in which the prevalence of
smoking among women remained at a fairly high
level. Among developed countries, the lung cancer
rates among women were lowest (about 10 cases or
fewer per 100,000 women) in countries of Eastern and
Southern Europe as well as in Finland and France.

The rate at which mortality from lung cancer has
increased among women in different countries
between 1985 and 1990-1993 is a public health con-
cern (Table 3.12). Death rates rose most rapidly (about
5 percent per year) in Hungary, the Netherlands, and
Switzerland; the percent increase was almost as high
(3.3 to 3.7 percent per year) in several other countries,
including Germany, Norway, and Sweden. Much
more modest increases (about 0.5 percent per year)
occurred in Bulgaria, Finland, Greece, Ireland, and
Spain. In Ireland, the epidemic of lung cancer appears
to have reached a plateau (Peto et al. 1994), but in
Bulgaria, Finland, Greece, and Spain, low rates of
increase suggested that the epidemic has yet to occur.

The range of lung cancer death rates in the early
1990s confirms that the lung cancer epidemic is het-
erogeneous even among women in industrialized
countries (Peto et al. 1994). Countries for which data

Table 3.12. Age-standardized average annual death rate for lung cancer among women, 1990-1993, and
average annual percent increase between 1985 and 1990-1993, selected industrialized countries

Country Death rate* % increase Country Death rate* % increase
United States 36.9 33 Austria 13.6 1.8
Denmark 35.6 29 Germany’ 12.8 35
Canada 315 3.1 Japan 12.6 0.9
England and Wales 30.8 0.8 Switzerland 12.0 5.1
Ireland 26.3 0.4 Italy 10.9 12
New Zealand 25.9 2.9 Greece 10.2 0.4
Hungary 23.9 5.2 Finland 10.2 0.6
Australia 19.2 2.0 Bulgaria 9.2 0.2
The Netherlands 15.5 4.6 Romania 9.0 0.9
Norway 15.4 3.4 France 7.7 2.9
Sweden 15.2 3.7 Portugal 6.8 3.1
Poland 14.5 3.1 Spain 54 0.6

*Per 100,000 women.
"Former Federal Republic of Germany.

Source: Calculated from unpublished data provided to the World Health Organization by respective countries.
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are available can be grouped into three broad cate-
gories describing trends of about the last four decades.

- Group 1: Countries where death rates are already
high (about 20 deaths or more per 100,000 women)
and, in most cases, are still rising or have peaked.
These countries include Australia, Canada, Den-
mark, Hungary, Ireland, New Zealand, the United
Kingdom, and the United States.

- Group 2: Countries where death rates are still mod-
erately low (10 to 15 deaths per 100,000 women) but
are rising. These countries include Austria, Germa-
ny, Italy, Japan, the Netherlands, Norway, Poland,
Sweden, and Switzerland.

- Group 3: Countries where death rates are low (about
5 to 10 deaths per 100,000 women) and roughly sta-
ble and where the lung cancer epidemic generally
has not yet become apparent among women. These
countries include Bulgaria, Finland, France, Greece,
Portugal, Romania, and Spain.

Although the countries in each group may have simi-
lar death rates at a given time, trends in rates over
time may differ. For example, unlike some countries
in Group 3, which has low rates, France and Portugal
have rates that are low but have been rising since
about 1980. A trend of rising rates is evident in France,
but it is not clear whether the increase in rates in
Portugal is the beginning of an upward trend or a ran-
dom fluctuation (Peto et al. 1994).

In the United Kingdom, the age-standardized
lung cancer death rate among women has remained
at around 31 deaths per 100,000 women since 1988.
This rate, which is based on a large number of lung
cancer deaths among women annually (about 12,500),
suggested that the lung cancer epidemic has peaked
among women in the United Kingdom. As noted ear-
lier in this section, it also appears to have peaked in
the United States (Wingo et al. 1999). The epidemic
may have peaked in Australia, Ireland, and New Zea-
land, but because the number of lung cancer deaths in
these countries is much smaller, the evidence is less
conclusive.

Evidence that lung cancer rates among women