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Summary
What is already known on this topic?

The incidence of cancer is rising among women; 42% of cancers among
men and women are associated with modifiable risk factors.

What is added by this report?

We used 18 years of population-based data to determine trends in the in-
cidence of cancers that are associated with 5 modifiable risk factors. The
incidence of obesity-associated cancer is rising, particularly among wo-
men aged 20 to 49 years (vs 250 y) and Hispanic women.

What are the implications for public health practice?

Our findings help advance the understanding of cancer prevention. Stud-
ies that examine the effect of obesity on cancers diagnosed among young
and Hispanic women are warranted.

Abstract

We used data from the US Cancer Statistics database to determine
trends in cancer incidence, stratified by age, race, and ethnicity,
among women aged 20 years or older during an 18-year study
period (2001-2018). We limited analysis to cancers associated
with 5 modifiable risk factors: tobacco use, excess body fat, alco-
hol consumption, insufficient physical activity, and human papil-
lomavirus infection. The incidence of cancers associated with
obesity have risen, particularly among women aged 20 to 49 years
(vs >50 y) and among Hispanic women. Strategies that address
obesity rates in these populations may help decrease cancer risk.

Objective

Cancer incidence rates are rising and are projected to increase by
30% among US women by 2030 (1). An estimated 934,870 new
cases of cancer among women are expected in 2022, with breast,
lung, and colorectal cancer accounting for 51% of new cases (2).

Approximately 42% of cancers among men and women are associ-
ated with modifiable risk factors, including tobacco use, excess
body fat, alcohol consumption, insufficient physical activity, and
infections (3). Approximately 19% of incident cancers have been
attributed to cigarette smoking, 7.8% to excess body weight, and
5.6% to alcohol consumption (3).

Given the rising cancer incidence rates among young women and
the increasingly diverse and aging US population (1), we sought to
determine trends in cancer incidence rates by race and ethnicity
and age group during an 18-year period. We focused on cancers
associated with 5 modifiable risk factors: tobacco use, excess body
fat, alcohol consumption, insufficient physical activity, and hu-
man papillomavirus (HPV) infection (4).

Methods

This cross-sectional study evaluated data from 2001 through 2018
from the US Cancer Statistics (USCS) database, which includes
data from the Centers for Disease Control and Prevention’s Na-
tional Program of Cancer Registries and the National Cancer Insti-
tute’s Surveillance, Epidemiology, and End Results (SEER) Pro-
gram. Cancers associated with tobacco use, obesity (body mass in-
dex [BMI] >30.0, calculated as weight in kilograms divided by
height in meters square), alcohol consumption, insufficient physic-
al activity (<150 minutes of moderate-intensity or <75 minutes of
vigorous-intensity aerobic activity weekly), and HPV infection
were identified by predefined SEER*Stat variables (4). Our ana-
lysis of 28,175,859 cancers was limited to women aged 20 years
or older diagnosed with cancers associated with the 5 aforemen-
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tioned modifiable risk factors. We excluded cancers associated
with other risk factors. Cancers were identified by International
Classification of Disease for Oncology-3 site codes (5). We ana-
lyzed data by modifiable risk factor, age group (20—49 vs =50 y),
and race and ethnicity: non-Hispanic White, non-Hispanic Black,
Hispanic (all races), and non-Hispanic Asian or Pacific Islander.
We used SEER*Stat version 8.3.8 (National Cancer Institute) to
abstract data and Joinpoint regression program 4.8.0.1 (National
Cancer Institute) to calculate trends. Age-specific incidence rates
were crude rates by age group. We used annual percentage change
(APC) with 95% ClIs to describe trends in each segment and aver-
age annual percentage change (AAPC) with 95% Cls in the entire
interval. Rates were considered to increase or decrease if P <.05.
To characterize the incidence of cancer in each age group, we ana-
lyzed the total number of age-specific cancer cases.

Results

During the study period, 11,198,521 cancers associated with the 5
modifiable risk factors were diagnosed in the US; 9,422,556
(84%) of these cancers were diagnosed among women aged 50
years or older, and 16% (n = 1,775,965) were diagnosed among
women aged 20 to 49 years. The largest AAPC (1.58; 95% CI,
1.10-2.07; P<.001) was for obesity-associated cancers among
women aged 20 to 49 years: incidence increased from 47.2 to 61.4
per 100,000 persons from 2001 to 2018, with the sharpest in-
crease seen from 2001 to 2009. The only other significant in-
crease was found for cancers associated with insufficient physical
activity (AAPC, 1.05; 95% CI, 0.39-1.71; P=.002). HPV-
associated cancers among women aged 20 to 49 years decreased
from 13.8 to 11.6 per 100,000 persons from 2001 to 2018 (AAPC,
—0.96; 95% CI, —1.74 to —0.17; P < .02). Trends in alcohol con-
sumption— and tobacco use—associated cancers did not change
(Table 1).

Our data revealed racial and ethnic differences in incidence trends.
Among women aged 20 to 49 years (Figure A), obesity-associated
cancers rose most rapidly among Hispanic (AAPC, 2.86; 95% CI,
2.36-3.36; P<.001) and non-Hispanic Asian and Pacific Islander
women (AAPC, 2.19; 95% CI, 1.73-3.65; P <.001), at nearly
twice the rate of non-Hispanic White women (AAPC, 1.39, 95%
CI, 1.11-1.67; P <.001). Non-Hispanic Black women had the
smallest increase in obesity-associated cancers (AAPC, 0.96, 95%
CI, 0.41-1.52; P=.001). Alcohol consumption—associated can-
cers rose among Hispanic (AAPC, 1.09, 95% CI, 0.79-1.38; P<
.001) and non-Hispanic Asian and Pacific Islander (AAPC, 1.33,
95% CI, 1.15-1.51; P<.001) women but did not change among
non-Hispanic Black or non-Hispanic White women. Tobacco
use—associated cancers increased among Hispanic women (AAPC,
0.81, 95% CI, 0.41-1.21; P < .001), decreased among non-

Hispanic Black women (AAPC —1.10, 95% CI, —1.62 to —0.57; P
<.001), and did not change among non-Hispanic White or non-
Hispanic Asian and Pacific Islander women.
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Figure. Average annual percentage change (AAPC) in modifiable risk
factor-associated cancers among A) women aged 20 to 49 years and B)
women aged 50 years or older, US Cancer Statistics database, 2001-2018.
Values on bars indicate P values. Abbreviation: HPV, human papillomavirus.

Among women aged 50 years or older (Figure B), tobacco use—as-
sociated cancers decreased among all ethnic and racial groups, and
alcohol consumption—associated cancers decreased among non-
Hispanic White (AAPC, —0.99; 95% CI, —1.30 to —0.68; P <.001),
non-Hispanic Black (AAPC, —0.53; 95% CI, -0.93 to —0.12; P=
.01), and Hispanic women (AAPC, —0.29; 95% CI, —0.53 to
—0.06; P=.02) but did not change among non-Hispanic Asian and
Pacific Islander women. Obesity-associated cancers decreased
only among non-Hispanic White women (AAPC, —0.60; 95% CI,
—0.83 to —0.36; P < .001); these cancers increased among non-
Hispanic Black, Hispanic, and non-Hispanic Asian and Pacific Is-
lander women, with the greatest increase among non-Hispanic
Asian and Pacific Islander women (AAPC, 0.62; 95% CI,
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0.46-0.78; P<.001). Similarly, cancers associated with insuffi-
cient physical activity decreased among non-Hispanic White wo-
men (APC, —0.74; 95% CI, —1.04 to —0.44; P < .001), increased
among non-Hispanic Black women (AAPC, 0.13; 95% CI, 0.03 to
0.24; P=.02), and did not change among Hispanic and non-
Hispanic Asian and Pacific Islander women. HPV infection—asso-
ciated cancers decreased among non-Hispanic Black (AAPC,
—1.44, 95% CI, —1.73 to —1.15; P <.001), Hispanic (AAPC,
—2.06; 95% CI, —2.51 to —1.60; P <.001), and non-Hispanic Asi-
an and Pacific Islander women (AAPC, —2.63; 95% CI, —4.25 to
—0.98; P=.002).

We found similarities in cancer incidence trends for the most com-
mon cancer types in both age groups. However, breast cancer ac-
counted for a greater proportion of cancers among younger wo-
men than older women (45.0% vs 34.0%) as did thyroid (14.8% vs
2.8%) and cervical cancers (6.6% vs 1.2%) (Table 2).

Discussion

We provided data on cancers associated with 5 modifiable risk
factors for nearly the entire US female population aged 20 years or
older from 2001 through 2018. Risk factor—associated cancers in-
creased among women aged 20 to 49 years, with obesity-
associated cancers rising most rapidly. Conversely, we found de-
creasing trends in cancer incidence among women aged 50 or
older, with the largest decreases in tobacco use—associated can-
cers.

Several studies reported similar findings for increasing trends in
obesity-associated cancers. Almost one-tenth (9.5%) of cancers in
the US can be attributed to obesity (6). Sung et al observed that
obesity-associated cancers rose more rapidly among adults aged
25 to 49 years than among adults aged 50 years or older (7). Our
study supports that obesity-associated cancers are increasing more
rapidly among younger women than older women. By stratifying
our analysis by race and ethnicity, we discovered that obesity-
associated cancers are increasing among younger women across
all races and ethnicities. We found the greatest increase among
Hispanic women, nearly 3 times the rate of non-Hispanic Black
women and twice the rate of non-Hispanic White women.
Obesity-associated cancers did not increase among non-Hispanic
Black women, as reflected elsewhere (8).

Tobacco use accounts for 35% of preventable cancers among wo-
men (3). Previous studies reported decreasing incidence rates for
tobacco use—associated cancers (9,10). However, our study found
that among younger women, tobacco use—associated cancers in-
creased among Hispanic women but did not change among non-
Hispanic White or non-Hispanic Asian and Pacific Islander wo-
men, and they decreased among older women. Although tobacco

use in the US has decreased, a disparity persists between tobacco
use—associated cancers diagnosed among younger and older wo-
men, and the impact of smokeless tobacco use should be further
explored (11,12).

Our study lacks data on individual exposures, and we did not ac-
count for cancers associated with more than 1 modifiable risk
factor. Our data may underrepresent the proportions of cancers as-
sociated with the 5 risk factors examined. Accounting for the cu-
mulative effects of these risk factors over time as they pertain to
cancer risk is difficult. Nevertheless, we determined nationally
representative trends and incidence estimates.

Our study showed that the incidence of modifiable risk factor—as-
sociated cancers is trending downward among older women but
upward among younger women. The incidence of obesity—associ-
ated cancers is rising rapidly, with larger increases among young-
er women and Hispanic women. Studies that examine the effect of
obesity on cancers diagnosed in these populations are warranted.

Acknowledgments

Research reported in this article was supported by the Patient-
Centered Outcomes Research Training in Urologic and Gynecolo-
gic Cancers Fellowship of the National Institutes of Health under
award no. T32CA251072. The content is solely the responsibility
of the authors and does not necessarily represent the official views
of the National Institutes of Health. Additional support was ob-
tained from The Fisher Foundation, the Angela Wang Johnson
Fund, and the Denise Cobb Hale Fund. Funders had no role in
study design, data collection, or analysis. Dr Chan reported speak-
ing and consulting fees from AstraZeneca and GlaxoSmithKline,
speaking fees from Eisai and Merck, and consultant fees from Im-
munogen and Seagen outside the submitted work. The other au-
thors declare no conflicts of interest. No copyrighted materials
were used in this research or article.

Author Information

Corresponding Author: John K. Chan, MD, California Pacific
Medical Center Research/Sutter Health, 1100 Van Ness Ave, 4th
F1, San Francisco, CA 94109 (chanjohn@sutterhealth.org).

Author Affiliations: "UCLA School of Medicine, Los Angeles,
California. ?’Kaohsiung Veterans General Hospital, Kaohsiung,
Taiwan. >California Pacific Medical Center Research/Sutter
Health, San Francisco, California. *Division of Gynecologic
Oncology, Department of Surgery, City of Hope, Irvine,
California. >Stanford School of Medicine, Stanford, California.

The opinions expressed by authors contributing to this journal do not necessarily reflect the opinions of the U.S. Department of Health and Human Services,

the Public Health Service, the Centers for Disease Control and Prevention, or the authors’ affiliated institutions.

www.cdc.gov/pcd/issues/2023/22_0211.htm « Centers for Disease Control and Prevention 3



PREVENTING CHRONIC DISEASE

PUBLIC HEALTH RESEARCH, PRACTICE, AND POLICY

VOLUME 20, E21
MARCH 2023

References

1.Smith BD, Smith GL, Hurria A, Hortobagyi GN, Buchholz
TA. Future of cancer incidence in the United States: burdens
upon an aging, changing nation. J Clin Oncol 2009;27(17):
2758-65.

2.Siegel RL, Miller KD, Fuchs HE, Jemal A. Cancer statistics,
2022. CA Cancer J Clin 2022;72(1):7-33.

3.Islami F, Goding Sauer A, Miller KD, Siegel RL, Fedewa SA,
Jacobs EJ, et al. Proportion and number of cancer cases and
deaths attributable to potentially modifiable risk factors in the
United States. CA Cancer J Clin 2018;68(1):31-54.

4. Centers for Disease Control and Prevention. Definitions of risk
factor—associated cancers. 2022. Accessed August 29, 2022.
https://www.cdc.gov/cancer/uscs/public-use/predefined-seer-
stat-variables.htm

5.World Health Organization. International classification of
diseases for oncology, 3rd edition (ICD-O-3). 2022. Accessed
November 3, 2022. https://www.who.int/standards/
classifications/other-classifications/international-classification-
of-diseases-for-oncology

6.Arnold M, Leitzmann M, Freisling H, Bray F, Romieu I,
Renehan A, et al. Obesity and cancer: an update of the global
impact. Cancer Epidemiol 2016;41:8-15.

7.Sung H, Siegel RL, Rosenberg PS, Jemal A. Emerging cancer
trends among young adults in the USA: analysis of a
population-based cancer registry. Lancet Public Health 2019;
4(3):e137-47.

8.Liu B, Du Y, Wu Y, Snetselaar LG, Wallace RB, Bao W.
Trends in obesity and adiposity measures by race or ethnicity
among adults in the United States 2011-18: population based
study. BMJ 2021;372:n365.

9.Henley SJ, Thomas CC, Sharapova SR, Momin B, Massetti
GM, Winn DM, et al. Vital signs: disparities in tobacco-related
cancer incidence and mortality — United States, 2004—2013.
MMWR Morb Mortal Wkly Rep 2016;65(44):1212-8.

10. Gallaway MS, Henley SJ, Steele CB, Momin B, Thomas CC,
Jamal A, et al. Surveillance for cancers associated with tobacco
use — United States, 2010-2014. MMWR Surveill Summ
2018;67(12):1-42.

11. Cornelius ME, Loretan CG, Wang TW, Jamal A, Homa DM.
Tobacco product use among adults — United States, 2020.
MMWR Morb Mortal Wkly Rep 2022;71(11):397-405.

12. Boffetta P, Hecht S, Gray N, Gupta P, Straif K. Smokeless
tobacco and cancer. Lancet Oncol 2008;9(7):667-75.

The opinions expressed by authors contributing to this journal do not necessarily reflect the opinions of the U.S. Department of Health and Human Services,

the Public Health Service, the Centers for Disease Control and Prevention, or the authors’ affiliated institutions.

4 Centers for Disease Control and Prevention ¢ www.cdc.gov/pcd/issues/2023/22_0211.htm


https://www.cdc.gov/cancer/uscs/public-use/predefined-seer-stat-variables.htm
https://www.cdc.gov/cancer/uscs/public-use/predefined-seer-stat-variables.htm
https://www.who.int/standards/classifications/other-classifications/international-classification-of-diseases-for-oncology
https://www.who.int/standards/classifications/other-classifications/international-classification-of-diseases-for-oncology
https://www.who.int/standards/classifications/other-classifications/international-classification-of-diseases-for-oncology

PREVENTING CHRONIC DISEASE

PUBLIC HEALTH RESEARCH, PRACTICE, AND POLICY

VOLUME 20, E21

MARCH 2023

Tables

Table 1. Age-Specific Incidence and Trends in Modifiable Risk Factor-Associated Cancers Among US Women of All Races and Ethnicities Aged 20 Years or Older,
Stratified by Age Group, United States Cancer Statistics, 2001-20182

Age-specific Trend 1 Trend 2 Trend 3 Trend 4 2001-2018
Risk factor, by | incidence,
age group, y 2001-2018 Year | APC (95% Cl) Year | APC (95% CI) Year | APC (95% Cl) Year | APC (95% Cl) AAPC (95% CI)
Obesity-associated cancers
20-49 47.211061.40 |2001- |3.16° 2009- |0.50 2012- |2.08 2015- |-1.93° 1.58°
2009 |(2.90t03.42) 2012 |(-1.641t02.68) |2015 |(-0.05t04.25) (2018 |[(-2.95t0-0.89) |(1.10to0 2.07)
>50 755.46 to 2001- |-2.52° 2004- |-0.08 — — — — -0.52°
688.87 2004 |(-3.81t0-1.20)|2018 |((-0.20t0 0.04) (-0.75 to —0.29)
Alcohol consumption-associated cancers
20-49 84.271084.85 |2001- |0.58° 2008- |-1.33 2011- |0.20 — — 0.09
2008 |(0.35100.80) 2011 |(-2.961t00.32) (2018 |(-0.02t00.43) (-0.20t0 0.37)
>50 569.35 to 2001- |-3.48° 2004- |-0.82° 2011- |-0.01 — — -0.96°
481.56 2004 |(-4.86t0-2.09)|2011 ([(-1.29t0-0.34)(2018 |(-0.37 to 0.34) (-1.27 to —0.66)
Tobacco use-associated cancers
20-49 42.361t041.61 |2001- [1.06° 2007- |-1.54° 2013- |1.42 — — -0.14
2007 |(0.61to0 1.52) 2013 |(-2.12t0-0.95) (2016 |(-1.27to4.17) (-0.65 to 0.39)
>50 527.09 to 2001- |-1.12° 2008- |-2.16° 2011- |-0.13 2016- |-1.26° -1.03°
441.52 2008 |(-1.26t0-0.97)|2011 ((-3.22t0-1.10) (2016 |(-0.461t00.21) (2018 |(-2.28t0—-0.23) [(-1.24 t0 -0.82)
Insufficient physical activity-associated cancers
20-49 14.98t018.06 [2001- |1.16° 2008- |0.11 2013- |4.59° 2016- |-2.17 1.05°
2008 |(0.691to0 1.64) 2013 |(-0.961t01.20) (2016 |(1.23t0 8.06) 2018 |(-5.281t01.04) |(0.39t0 1.71)
>50 567.99 to 2001- |-3.44° 2004- |-0.42 2011- |0.22 — — -0.70°
502.58 2004 |(-4.81t0-2.05)|2011 ((-0.89t00.05) (2018 |(-0.121t0 0.57) (-1.00 to —0.39)
Human papillomavirus—associated cancers
20-49 13.81t011.60 [2001- |-0.73° 2009- |-2.44° 2013- |2.14 2016- |-3.44 -0.96°
2009 |(-1.13t0-0.33)|2013 |[(-4.31t0-0.54)(2016 |(-1.72t06.15) (2018 |(-7.15t00.42) |[(-1.741t0-0.17)
>50 28.7810 29.67 |2001- |-1.33° 2004- |0.92° 2016- |1.37 — — 0.25
2004 |(-2.34t0-0.30)|2016 |[(0.79to 1.05) 2018 |(-3.031t00.33) (0 to 0.50)

Abbreviations: —, does not apply; AAPC, average annual percentage change; APC, annual percentage change.
@ Analysis was limited to women aged >20 years diagnosed with cancers associated with the following 5 risk factors: tobacco use, excess body fat, alcohol con-
sumption, insufficient physical activity, and human papillomavirus infection. Trends based on incidence were analyzed by using the Joinpoint Regression Program
version 4.8.0.1. The AAPC is a summary measure of the trend over a prespecified fixed interval. AAPC was computed as a weighted average of the APC from the
Joinpoint model, with the weights equal to the length of the APC interval.

bp< 01
¢ pP<.05.
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Table 2. Cases of Modifiable Risk Factor-Associated Cancers Among US Women of All Races and Ethnicities Aged 20 Years or Older, Stratified by Age Group,

United States Cancer Statistics, 2001-2018

Cancer type

No. (%)

Women aged 20-49 years (n = 1,775,965)

Women aged >50 years (n = 9,422,556)

Acute myeloid leukemia

18,397 (1.0)

82,486 (0.9)

Anal and rectal squamous cell carcinoma 10,253 (0.6) 57,772 (0.6)
Cervix uteri 117,023 (6.6) 112,751 (1.2)
Colon and rectum 124,086 (7.0) 1,142,756 (12.1)
Corpus and uterus not otherwise specified 107,759 (6.1) 735,174 (7.8)
Esophagus 3,305 (0.2) 59,835 (0.6)
Female breast 798,605 (45.0)° 3,206,778 (34.0)ID
Gallbladder 2,697 (0.2) 43,689 (0.5)
Gastric cardia 2,372 (0.1) 24,742 (0.3)
Kidney 50,317 (2.8) 306,478 (3.2)
Larynx 4,899 (0.3) 41,132 (0.4)

Lip, oral cavity, and pharynx 30,551 (1.7) 175,233 (1.9)
Liver 6,803 (0.4) 95,093 (1.0)
Meningioma 730 (0.04) 3,246 (0.03)
Multiple myeloma 11,051 (0.6) 156,691 (1.7)
Oropharyngeal squamous cell carcinoma 6,907 (0.4) 47,708 (0.5)
Ovary 69,151 (3.9) 314,297 (3.3)
Pancreas 18,837 (1.1) 349,564 (3.7)
Stomach 18,269 (1.0) 137,278 (1.5)
Thyroid 263,292 (14.8) 259,595 (2.8)
Trachea, lung, and bronchus 83,421 (4.7) 1,712,034 (18.2)
Urinary bladder 14,641 (0.8) 292,400 (3.1)
Vaginal squamous cell carcinoma 1,784 (0.1) 12,621 (0.1)
Vulvar squamous cell carcinoma 10,815 (0.6) 53,203 (0.6)

@ Premenopausal breast cancer.
b Postmenopausal breast cancer.
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