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Abstract

BACKGROUND—Previous studies showed a higher incidence of lung cancer among young
women than among young men in the United States. Whether this pattern has continued in
contemporary birth cohorts and, if so, whether it can be fully explained by sex differences in
smoking behaviors are unknown.

METHODS—We examined the nationwide population-based incidence of lung cancer according
to sex, race or ethnic group, age group (30 to 34, 35 to 39, 40 to 44, 45 to 49, and 50 to 54 years),
year of birth (1945 to 1980), and calendar period of diagnosis (1995-1999, 2000-2004, 2005—
2009, and 2010-2014), and we calculated female-to-male incidence rate ratios. We also examined
the prevalence of cigarette smoking, using data from the National Health Interview Survey from
1970 to 2016.

Address reprint requests to Dr. Jemal at the American Cancer Society, 250 Williams St., NW, Atlanta, GA 30303, or at
ahmedin.jemal@cancer.org. .

Disclosure forms provided by the authors are available with the full text of this article at NEJM.org.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Jemal et al. Page 2

RESULTS—Over the past two decades, the age-specific incidence of lung cancer has generally
decreased among both men and women 30 to 54 years of age in all races and ethnic groups, but the
declines among men have been steeper. Consequently, among non-Hispanic whites, the female-to-
male incidence rate ratios increased, exceeding 1.0 in the age groups of 30 to 34, 35 to 39, 40 to
44, and 45 to 49 years. For example, the female-to-male incidence rate ratio among whites 40 to
44 years of age increased from 0.88 (95% confidence interval [Cl], 0.84 to 0.92) during the 1995—
1999 period to 1.17 (95% CI, 1.11 to 1.23) during the 2010-2014 period. The crossover in sex-
specific rates occurred among non-Hispanic whites born since 1965. Sex-specific incidence rates
converged among non-Hispanic blacks, Hispanics, and non-Hispanic Asians and Pacific Islanders
but crossed over from a higher incidence among men to a higher incidence among women only
among Hispanics. The prevalence of cigarette smoking among women born since 1965 has
approached, but generally not exceeded, the prevalence among men.

CONCLUSIONS—The patterns of historically higher incidence rates of lung cancer among men
than among women have reversed among non-Hispanic whites and Hispanics born since the
mid-1960s, and they are not fully explained by sex differences in smoking behaviors. Future
studies are needed to identify reasons for the higher incidence of lung cancer among young
women. (Funded by the American Cancer Society.)

LUNG CANCER CAUSES MORE PREVENTABLE deaths than any other cancer in the
United States, and cigarette smoking contributes to about 80% of the 154,000 total deaths
from lung cancer that occur each year.1:2 The age-standardized incidence and mortality rates
associated with lung cancer continue to be lower among women than among men, because
historically women were less likely to smoke, initiated smoking at older ages, and smoked
fewer cigarettes per day.3* However, smoking behaviors have become increasingly similar
between men and women in contemporary cohorts in the United States.3# Our previous
report of a convergence of incidence rates of lung cancer among young men and women was
consistent with this pattern.> Subsequently, two studies showed higher incidence rates of
lung cancer among young women than among young men,87 but they did not examine the
extent to which the higher incidence among women could be explained by sex differences in
smoking behaviors. We examined up-to-date data on the incidence of lung cancer and the
prevalence of cigarette smoking in the United States according to sex and race or ethnic
group to concurrently assess whether the incidence of lung cancer in contemporary cohorts
is higher among women than among men and, if so, whether this pattern can be fully
explained by sex differences in smoking behaviors.

METHODS
DATA SOURCE AND STUDY DESIGN

We analyzed data from the North American Association of Central Cancer Registries
(NAACCR)® on cases of invasive lung cancer (including lung and bronchus cancer)
diagnosed from 1995 through 2014 in 46 states and the District of Columbia. We used data
that met standards for completeness, accuracy, and timeliness of collection as stipulated by
the NAACCRY; these data covered 96% of the U.S. population. (Kansas, Maryland, and
Vermont did not consent to participate, and data from Minnesota did not meet the NAACCR
data standards.) Complete data for all study years were available for 25 states, which
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covered 67% of the U.S. population. Race or ethnic group in the NAACCR database is
categorized as non-Hispanic white (300,343 cases of lung cancer), non-Hispanic black
(62,427 cases), non-Hispanic Asian or Pacific Islander (9920 cases), and Hispanic (19,328
cases).10 Hereafter we refer to the non-Hispanic groups as whites, blacks, and Asians or
Pacific Islanders. The age at diagnosis was grouped according to 5-year age group (30 to 34,
35 to 39, 40 to 44, 45 to 49, and 50 to 54 years), and the year of diagnosis was grouped
according to 5-year calendar period (1995 to 1999, 2000 to 2004, 2005 to 2009, and 2010 to
2014). Histologically confirmed cancer cases among whites were categorized in six main
histologic types according to morphology codes in the /nternational Classification of
Diseases for Oncology; third edition, as adenocarcinoma, squamous-cell carcinoma, small-
cell carcinoma, large-cell carcinoma, other specified carcinoma, and unspecified carcinomas
(including non-small-cell carcinoma) (Table S1 in the Supplementary Appendix, available
with the full text of this article at NEJM.org).”1 The numbers of lung cancer cases in other
races and ethnic groups were too small to allow the examination of trends according to
histologic type.

STATISTICAL ANALYSIS

We calculated the age-specific incidence of lung cancer per 100,000 person-years according
to sex, race or ethnic group, year of diagnosis, and histologic type using SEER*Stat
software, version 8.3.4. We then calculated the female-to-male incidence rate ratios with
95% confidence intervals for each category of age, race or ethnic group, year of diagnosis,
and histologic type with the Tiwari method; two-sided P values of less than 0.05 were
considered to indicate statistical significance.12 We calculated the year of birth by
subtracting the mid-year of age (the age halfway between the youngest and oldest age in
each age category listed above) from the mid-year of diagnosis (the year halfway between
the first and last year in each diagnosis calendar period listed above), which yielded eight
birth cohorts corresponding to the mid-year of birth (1945, 1950, 1955, 1960, 1965, 1970,
1975, and 1980). We performed a sensitivity analysis that included only the 25 states that
had data available for all study years (1995 through 2014) to assess whether the results were
affected by the inclusion of registries with missing data for any year or years. In a
supplementary analysis, we also examined the death rates from lung cancer in the
contemporary birth cohort according to sex and race or ethnic group, using national
mortality data from 1995 through 2014.13

We used data from the National Health Interview Survey (NHIS) from 1970 through 2016 to
calculate the prevalence of current smoking and of current or former smoking (=100
cigarettes smoked in a lifetime), as well as the average number of cigarettes smoked per day,
as reported by the respondents, according to sex, age, race or ethnic group, year of survey,
and birth cohort,14 on the basis of methods developed by Holford et al.# In brief, the
prevalence of current smoking was estimated as the product of the prevalence of current or
former smoking and the cumulative probability of not quitting, which were obtained by
means of age-period-cohort modeling of the probabilities of smoking initiation and cessation
(defined as not having smoked for >2 years), with adjustment for differential mortality. Age-
period-cohort modeling is a quantitative technique used to simultaneously examine the
effects of age, calendar period, and year of birth. Similarly, the mean number of cigarettes
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smoked per day was estimated with the use of cumulative logistic regression on the basis of
ordered categories of smoking intensity (<5, 5 to <15, 15 to <25, 25 to <35, 35 to <45, and
>45 cigarettes per day), with the mid-number (3, 10, 20, 30, 40, and 60 cigarettes) of each
category used in the calculation of means.

We also calculated the female-to-male ratios of the prevalence of current smoking and the
prevalence of current or former smoking with 95% confidence intervals to assess whether
the smoking prevalence differed significantly between men and women. We began our
analysis with the 1970 NHIS because questions about smoking intensity were added that
year. The collection of information in the NHIS according to Hispanic ethnic group began
with the 1978 survey. We assumed that information on smoking behavior obtained from
whites and blacks in the 1970 and 1974 surveys reflected that of non-Hispanic whites and
non-Hispanic blacks because Hispanics represented less than 5% of the U.S. population
before 1980.15 We could not calculate smoking prevalence among Asians and Pacific
Islanders because of sparse data. Statistical analyses of smoking prevalence were conducted
with SAS software, version 9.4, and the bootstrap method was used to calculate 95%
confidence intervals, with 1000 replications. For comparability of the data within and across
figures, we used log scales to plot patterns — according to birth cohort and calendar period
— in lung cancer incidence, smoking prevalence, and incidence and prevalence ratios.16

INCIDENCE OF LUNG CANCER

Figure 1A shows trends in the age-specific incidence of lung cancer (per 100,000 person-
years) among men and women 30 to 54 years of age, including all races and ethnic groups,
according to calendar period of diagnosis, from 1995 through 2014. Incidence generally
decreased among both men and women, but the declines were greater among men.
Consequently, the female-to-male incidence rate ratios increased, exceeding 1.0 in the age
groups of 30 to 34, 35 to 39, 40 to 44, and 45 to 49 years. For example, the incidence rate
ratio among persons 40 to 44 years of age increased from 0.82 (95% confidence interval
[CI], 0.79 to 0.85) during the 1995-1999 period to 1.13 (95% CI, 1.08 to 1.18) during the
2010-2014 period.

Figure 1B shows the age-specific incidence rates among men and women in all races and
ethnic groups according to birth cohort. Among men, incidence rates generally decreased in
successive birth cohorts, whereas among women, rates increased in the cohorts born around
1950 to around 1960 and decreased thereafter. As a result, incidence rates among women
surpassed those among men in contemporary cohorts. For example, among persons 45 to 49
years of age, the incidence was 27.0 per 100,000 person-years among women and 36.5 per
100,000 person-years among men in the cohort born around 1950 (female-to-male incidence
rate ratio, 0.74; 95% CI, 0.72 to 0.76), whereas the incidence was 24.9 per 100,000 person-
years among women and 23.1 per 100,000 person-years among men in the cohort born
around 1965 (incidence rate ratio, 1.08; 95% CI, 1.05 to 1.11).

Figure 2 shows trends in age-specific incidence according to calendar period of diagnosis
and birth cohort in four major races and ethnic groups, and Figure 3 shows the
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corresponding female-to-male incidence rate ratios according to birth cohort. The higher
incidence among women is confined to whites and Hispanics. For example, among persons
in the age group of 40 to 44 years, the incidence rate ratio increased from 0.88 (95% Cl,
0.84 to 0.92) during the 1995-1999 period to 1.17 (95% CI, 1.11 to 1.23) during the 2010-
2014 period among whites and from 0.79 (95% CI, 0.67 to 0.92) to 1.22 (95% ClI, 1.04 to
1.44) among Hispanics. Similarly, among persons in the age group of 45 to 49 years, the
incidence rate ratio increased among whites from 0.81 (95% ClI, 0.78 to 0.83) in the cohort
born around 1950 to 1.13 (95% ClI, 1.09 to 1.16) in the cohort born around 1965, and among
Hispanics from 0.64 (95% Cl, 0.56 to 0.72) in the cohort born around 1950 to 1.12 (95% ClI,
1.00 to 1.25) in the cohort born around 1965. Incidence rates for men and women converged
in some age groups among blacks and Asians or Pacific Islanders but did not cross over to
higher rates among women (Fig. 3). The overall incidence patterns according to sex, race or
ethnic group, and birth cohort were generally similar when we limited the analysis to the 25
states with available data for all study years (1995 through 2014). Death rates from lung
cancer among young white and Hispanic women approached or equaled those among men
born since the mid-1960s but did not cross over.

Figure 4 shows the age-specific incidence of lung cancer among whites according to
histologic type of the cancer and birth cohort. The incidence trends for adenocarcinoma,
squamous-cell carcinoma, and small-cell carcinoma generally followed the trends for all
histologic types combined; rates among men continued to decrease in successively younger
generations, whereas rates among women continued to increase in each birth cohort through
the group born around 1960 and declined thereafter. Trends for the other histologic
categories varied, with rates of large-cell carcinoma sharply decreasing and rates of other
specified carcinomas increasing in successively younger generations. The female-to-male
incidence rate ratios according to histologic types are shown in Figure S4 in the
Supplementary Appendix. Most of the higher incidence among white women was confined
to adenocarcinoma, whereas the incidence of squamous-cell carcinoma remained lower
among women than among men. Actual values and more information are provided in the
Supplementary Appendix.

PREVALENCE OF SMOKING

Figure 5 shows the prevalence of current smoking according to age, sex, race or ethnic
group, and birth cohort. Historically, smoking prevalence was considerably higher among
men than among women in all races and ethnic groups. The difference in prevalence became
progressively smaller in successively younger birth cohorts because of the convergence of
female and male initiation rates (prevalence among persons 25 to 29 years of age was used
as a proxy) and lower cessation rates among women. Among whites, sex differences
disappeared among persons born during the 1960s and afterward, and prevalence was
minimally higher among women 40 to 49 years of age born around 1965. Smoking
behaviors were generally similar among blacks and Hispanics, with the female-to-male ratio
of smoking prevalence peaking among persons born during the 1960s and declining
thereafter (Fig. 5). Similar sex differences occurred in the prevalence of smoking among
persons who had ever smoked (=100 cigarettes smoked in a lifetime).
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Figure S8 in the Supplementary Appendix shows the average number of cigarettes smoked
per day among white and black men and women according to birth cohort. Daily cigarette
use decreased among both men and women in successive generations born since 1930, but
the difference between the sexes narrowed only among blacks, whereas among whites, daily
cigarette use has remained substantially higher among men than among women, even in
recent cohorts.

DISCUSSION

Among persons born since the mid-1960s, incidence rates of lung cancer have become
significantly higher among young women than among young men, with the higher burden
confined to whites and Hispanics. Except for a minimally higher smoking prevalence among
white women than men 40 to 49 years of age born around the mid-1960s (due to delayed
smoking cessation among women), sex differences in smoking behaviors do not explain this
finding. The prevalence of smoking among white women born after the 1970s and among
Hispanics born after the 1960s approached, but did not exceed, that among their male
counterparts. Moreover, the average number of cigarettes smoked per day continues to be
considerably lower among women than among men. Women are more likely than men to
smoke menthol cigarettes,1” which are not associated with a higher risk of lung cancer than
nonmenthol cigarettes.1® Furthermore, the use of tobacco products other than cigarettes,
such as cigars and smokeless tobacco (e.g., chewing tobacco), has been much lower among
women than among men.1® The crossover from a higher incidence of lung cancer among
young men to a higher incidence among young women is especially remarkable among
Hispanics, given that among young adults, smoking prevalence is substantially lower among
Hispanic women than among Hispanic men.

In concert with the diminishing sex differences in smoking prevalence, it is possible that
differences in the distribution of histologic subtypes, coupled with the differences in the
speed of risk reduction associated with these subtypes after smoking cessation, may have
contributed to the higher incidence of lung cancer among women than among men. The risk
of adenocarcinoma, a lung cancer subtype that is more common among women than among
men,’ decreases more slowly than the risk of other types of lung cancer after smoking
cessation.29-21 The annual risk reduction after smoking cessation has been reported to be 8%
for adenocarcinoma versus 17% for small-cell carcinoma.20

The controversial hypothesis that women may be more susceptible to the deleterious effects
of tobacco carcinogens has been studied since the early 1990s, but the results have been
mixed.22 Prospective studies?2-24 have not replicated the results of several case-control
studies?>26 that showed a higher risk of lung cancer among women than among men at
comparable levels of exposure to cigarette smoking. However, all these studies involved
persons 50 years of age or older who were born before the middle of the last century. The
risk of lung cancer in this group may not be representative of the risks among smokers born
later, because the design and composition of cigarettes continued to change through the
1990s, and the risk of lung cancer associated with smoking increased with more modern
cigarettes.2” There has been some limited biologic and genetic evidence to support a higher
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susceptibility among women, including a higher frequency of mutations in critical driver
genes, such as 7P53and the KRAS oncogene.28:29

Factors other than active tobacco use account for about 15% of cases of lung cancer in
women and 10% in men. Occupational exposure to lung carcinogens, such as asbestos and
arsenic, which have synergistic effects with smoking and were historically more common
among men than among women, have decreased dramatically over the past several decades.
30.31 This may have contributed to the steeper decline in lung cancer among men. Although
exposure to secondhand smoke has also decreased substantially over the past several
decades, the decline has not been shown to differ significantly between men and women.32
Similarly, changes in exposure to outdoor air pollution are not expected to differ according
to sex. In contrast, results of pooled, large cohort studies have shown that the incidence of
lung cancer among nonsmokers appears to be slightly higher among women than among
men younger than 70 years of age.33:34 It will be difficult, however, to estimate how much of
the excess risk of lung cancer among women is due to sex differences in temporal changes in
exposure to nontobacco causes and in background rates.

More frequent detection of indolent lung tumors in women than in men through screening or
diagnostic imaging is an alternative explanation for the higher rates of lung cancer among
women. A study of baseline computed tomographic (CT) screening for lung cancer in North
America showed that the prevalence of lung cancer among women was nearly twice as high
as that among men of similar age and with similar smoking history, which raises the
possibility that lung cancer may progress more slowly in women.3° Although the higher
incidence rates of lung cancer among women 30 to 49 years of age largely involved early-
stage disease (Table S5) in the Supplementary Appendix, neither men nor women in this age
range typically undergo CT screening, nor did the percentage of cases diagnosed at a
localized stage increase consistently among young women or young men during the study
period, as would be expected from overdiagnosis.

A strength of our study is the use of nation-wide, high-quality population-based data on both
lung cancer incidence and smoking prevalence. However, our study has several limitations.
First, recent advances in the molecular characterization of lung cancer and the use of
targeted therapies have led to improvements in histologic classifications, with unknown
histologic types increasingly classified as adenocarcinoma or squamous-cell carcinoma.36
However, this would not affect overall lung cancer incidence rates or trends. Second,
individual-level information on smoking behavior and other known risk factors for lung
cancer except age are not routinely captured in medical records or in cancer registries, so
they cannot be used to directly measure the contribution of these factors to the emerging
higher risk among young women. Third, the data from the NHIS that we used to compare
cigarette-smoking habits according to sex were reported by the respondents and may have
been influenced by sex differences in social desirability bias. According to data from the
National Health and Nutrition Examination Survey, however, no discrepancies were noted
between biochemically assessed and respondent-reported smoking prevalence overall or
according to sex.37:38 Unlike cancer registries, the NHIS excludes institutionalized persons,
and it excluded military personnel until 1997. Because these cohorts disproportionately
represent male smokers,3940 their exclusions might have attenuated sex differences in
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smoking prevalence. Fourth, although we were unable to examine data on Hispanics
according to country of birth, the influx of Hispanic immigrants to the United States is
unlikely to explain the notably higher incidence of lung cancer among Hispanic women
because smoking prevalence among foreign-born Hispanic women is considerably lower
than that among Hispanic men. Finally, because of sparse data for certain groups, we used
modeled data for cigarette-smoking prevalence — which introduce uncertainties both from
survey samples and from the model — rather than observed prevalence. The model
overestimated the prevalence among persons 30 to 39 years of age similarly according to sex
and thus is unlikely to affect the interpretation of our main findings.

In conclusion, the historical patterns of higher incidence rates of lung cancer among men
than among women have reversed among non-Hispanic whites and Hispanics born since the
mid-1960s and are not fully explained by sex differences in smoking behaviors. This finding
has important implications for public health. It may foreshadow a higher future burden of
overall lung cancer among women than among men as younger cohorts age, which further
underscores the need to intensify antitobacco measures to decrease smoking among young
women. Our finding also calls for continued monitoring of sex-specific risks of lung cancer
and for etiologic studies, including studies of sex differences in smoking-related
susceptibility to lung cancer, to identify reasons for the higher rates of lung cancer among
young women.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Age-Specific Incidence Rates of Lung Cancer in All Races and Ethnic Groups
According to Sex, Calendar Period of Diagnosis, and Birth Cohort.

Shading indicates 95% confidence intervals. The estimated year of birth was calculated by
subtracting the mid-year of age (the age halfway between the youngest and oldest age in
each age category) from the mid-year of diagnosis (the year halfway between the first and

last year in each 5-year calendar period of diagnosis).
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Figure 2. Age-Specific Incidence Rates of Lung Cancer According to Race or Ethnic Group, Sex,
and Calendar Period of Diagnosis and Birth Cohort.

Shading indicates 95% confidence intervals.
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Figure 3 (facing page). Age-Specific Female-to-Male I ncidence Rate Ratios for Lung Cancer
According to Race or Ethnic Group and Birth Cohort.

Men served as the reference group, and incidence rate ratios are based on unrounded rates. |
bars indicate 95% confidence intervals.
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Figure 4. Age-Specific I ncidence Rates of Lung Cancer Accordingto Histologic Type, Sex, and
Birth Cohort among Non-Hispanic Whites.

The incidence rate for large-cell lung carcinoma among men 30 to 34 years of age born
around 1980 could not be calculated because of sparse data (fewer than six cases). Shading
indicates 95% confidence intervals.
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Figure 5. Prevalence of Current Smoking According to Race or Ethnic Group, Age, Sex, and

Birth Cohort.

Shading indicates 95% confidence intervals.
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