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Abstract

Much of the suffering and death from cancer could be pre-
vented by more systematic efforts to reduce tobacco use and
obesity, improve diet, and increase physical activity and use of
established vaccines and screening tests. Monitoring the preva-
lence of cancer risk factors and preventive tests helps guide cancer
prevention and early detection efforts. We provide an updated
review, using data through 2015, of the prevalence of major risk
factors, cancer screening, and vaccination for U.S. adults and
youth. Cigarette smoking among adults decreased to 15.3% in
2015 but remains higher among lower socioeconomic persons
(GED: 34.1%, graduate degree: 3.7%), with considerable state
variation (Utah: 9.1%, Kentucky: 26.0%). The prevalence of

obesity among both adults (37.7%) and adolescents (20.6%)
remains high, particularly among black women (57.2%), and
ranges from 20.2% (Colorado) to 36.2% (Louisiana) among
adults. Pap testing remains the most commonly utilized cancer
screening test (81.4%). While colorectal cancer screening has
increased, only 62.6% are up-to-date with recommendations.
Cancer screening is lowest among the uninsured and varies across
states. Despite some improvements, systematic efforts to further
reduce the suffering and death from cancer should be enhanced.
Continued investment in surveillance of cancer prevention and
early detection metrics is also needed. Cancer Epidemiol Biomarkers
Prev; 26(8); 1192–208. �2017 AACR.

Introduction
Much of the suffering and death from cancer could be

prevented by more systematic efforts to reduce tobacco use
and obesity, improve diet, and increase physical activity and the
use of established vaccines and screening tests (1–3). In 2017,
an estimated 1,688,780 new cancer cases are expected to occur
in the United States (4), and about 190,500 cancer-related
deaths will be caused by cigarette smoking (5). An estimated
20% of all cancers diagnosed in the United States are caused by
a combination of excess body weight, physical inactivity, excess
alcoholic beverage consumption, and poor nutrition (3). Vac-
cination against infectious agents such as human papilloma-
virus (HPV) and hepatitis B virus (HBV) can prevent carcino-
genic infections and cancers caused by them. Furthermore,
cancer screening tests can avert thousands of additional
cancer-related deaths through identification and removal of
premalignant abnormalities (colorectal and cervical) and
detection of cancers at an early stage when treatment is often
more effective.

Assessing the most current prevalence of cancer risk factors
and prevention measures is an important component of mon-

itoring progress and strengthening cancer prevention and early
detection efforts. We previously provided a comprehensive
overview of patterns of the prevalence of major risk factors,
cancer screening, and vaccination for both adults and youth
(where applicable) in the United States (6); herein, we update
with data through 2015.

Materials and Methods
Data from several publicly available population-based surveys,

facilitated by the Centers for Disease Control and Prevention,
were used to estimate the prevalence of major cancer risk factors
and screening utilization. These surveys included the National
Health Interview Survey (NHIS), Behavioral Risk Factor Surveil-
lance System (BRFSS), and National Health and Nutrition Exam-
ination Survey (NHANES).NHIS is a computer-assisted in-person
household survey of noninstitutionalized adults �18 years
designed to provide national sociodemographic and health data
in the United States (7). In 2015, the response rate was 55.2%.
NHIS data were used to estimate nationwide prevalence of adult
tobacco use, physical activity, sun-protective behaviors, and can-
cer screening use. In contrast to NHIS, BRFSS is a monthly,
computer-assisted telephone-based survey of adults �18 years
designed to provide state-level estimates for health behaviors.
For 2014 and 2015, the median response rates were 47.0%
and 46.6%, respectively (8, 9). The 2014 and 2015 BRFSS data
were used to estimate state-level tobacco use, obesity, nutrition,
physical activity, and uptake of cancer screening exams among
adults (8, 9). The NHANES collects health and nutrition data
from U.S. adults (�20 years) and youth (2–19 years) through a
combination of in-person interviews and physical examinations
by trained personnel. The 2013–2014 NHANES data was used
to estimate the prevalence of obesity among youth and adults
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based on height and weight data collected during physical exam-
inations (10). All estimates were generated using SAS-callable
SUDAAN release 11.0.1 and accounted for the various complex
survey designs. The Healthy People criteria for data suppression
were followed (11).

We relied on recently publishedNational Adult Tobacco Survey
(NATS) data for estimates of waterpipe and pipe smoking among
adults (12) as these individual items were not available in the
2015 NHIS. A recent report of National Youth Tobacco Survey
(NYTS) data was used for national prevalence estimates of tobac-
co product use among high school (HS) students (13). Estimates
of obesity, nutrition, physical activity, indoor tanning, and state-
level tobacco use among HS students were based on a report of
Youth Risk Behavior Survey (YRBS) data (14). Both the NYTS and
YRBS are school-based surveys. Published data on HPV and HBV
vaccination from the National Immunization Survey-Teen
(NIS-Teen) were also used (15).

Results tobacco
Despite substantial gains in tobacco control since the first

Surgeon General's Report in 1964, tobacco use still kills about
480,000 persons each year (16). Cigarette smoking increases the
risk of cancers of the oral cavity and pharynx, larynx, lung,
esophagus, pancreas, uterine cervix, kidney, bladder, stomach,
colorectum, and liver, as well as acute myeloid leukemia (16). In
addition, the International Agency for Research onCancer (IARC)
has concluded that there is some evidence that tobacco smoking
causes female breast cancer, and the Surgeon General's Report
concluded that cigarette smoking increases the risk of advanced-
stage prostate cancer (16, 17).

Cigarette use among adults
According to NHIS, 15.3% of adults (men, 16.8%; women,

13.8%) were current cigarette smokers in 2015 (Table 1), com-
pared with 17.0% in 2014, 20.8% in 2005, and 24.6% in 1997
(18). Among adults, the proportion of daily smokers decreased
from nearly 17% in 2005 to about 11% in 2015 (19). Yet,
smoking prevalence remains substantially higher among people
with lower educational attainment [<HSdiploma: 25.6%; general
educational development high school equivalency (GED):
34.1%] relative to those with undergraduate (7.3%) or graduate
degrees (3.7%; Table 1). In addition, though smoking prevalence
has declined across racial/ethnic groups, substantial disparities
remain (Fig. 1). As shown in Table 2, Kentucky had the highest
smoking prevalence (26.0%) almost three times that of Utah
(9.1%), which had the lowest. Analysis of smoking prevalence by
county reveals even larger disparities, ranging from 10% to 42%
among men and 6% to 41% among women (20).

Use of other forms of tobacco among adults
Regular cigar smoking causes many of the same diseases as

cigarette smoking, including cancers of the lung, oral cavity,
larynx, and esophagus (21–23). While cigarette use has been
declining, cigar consumption increased by over 90% between
2000 and2015 (24, 25).On thebasis ofNHISdata, 3.5%of adults
(men, 5.9%; women, 1.1%) were current cigar smokers in 2015
(7). Cigar smoking was more common in non-Hispanic blacks
(4.8%) than in non-Hispanicwhites (3.9%),Hispanics (1.8%), or
Asians (0.9%; ref. 7).

Tobacco used in other combustible forms such as pipes, roll-
your-own products, and waterpipes increases the risk of lung,

gastric, and esophageal cancers (26–29). According to 2013–14
NATS data, 0.6% of adults were current waterpipe smokers, with
lower prevalence among older adults compared with younger
adults (18–24 years, 3.2%; 45–64 years, 0.1%; ref. 12). Although
current prevalence estimates for waterpipe smoking are lower
than cigarette smoking, waterpipe smoking has become more
common in the United States in recent years, particularly among
young adults (e.g., college students; refs. 26, 30).

Smokeless tobacco products, including chewing tobacco
and snuff, increase the risk of oral, esophageal, and pancreatic
cancer (31, 32). Chewing tobacco consumption declined between
2000 and 2015, although snuff consumption increased by 78%,
leading to an overall growth in total smokeless tobacco consump-
tion (25). According to 2015 NHIS data, an estimated 0.2%
of women and 4.5% of men were current users of smokeless
tobacco (7). Smokeless tobacco use was most common in non-
Hispanic white males (6.8%) and in males 18–24 years (5.9%)
and 25–44 years (5.4%; ref. 7). By state, smokeless tobacco use
was lowest in California (1.6%) and highest in West Virginia
(9.3%; Table 2).

E-cigarettes are newer products promoted by their manu-
facturers as an alternative to conventional cigarettes and
to bypass smoke-free laws. There is limited evidence that
e-cigarettes and similar products help smokers quit, although
currently there are contradictory reports, and to date no
e-cigarette has been approved by the FDA as a cessation pro-
duct (33, 34). While there are indications that the levels of
toxins and other carcinogens are generally lower in current
generation e-cigarettes than combustible tobacco products,
there are a number of potential health hazards associated
with e-cigarette use (35, 36).

The proportion of adults who reportedly ever tried e-cigarettes
increased dramatically between 2010 (37) and 2015 (7). On the
basis of 2015 NHIS data, 3.6% of adults were current e-cigarette
users, with differences by sex (men, 4.4%; women, 2.8%), age
(18–24 years, 5.2%; 65þ years, 1.1%), and race/ethnicity (white,
4.5%; Asian, 2.2%; black, 2.1%; Hispanic, 1.7%; ref. 7). In 2014,
an estimated 16% of current conventional cigarette smokers used
e-cigarettes concurrently (38).

Cigarette use among youth
According to the NYTS, current cigarette use among HS

students decreased from 28.5% in 1999 (39) to 15.8% in
2011 and further reduced to 9.3% in 2015 (13). In 2015, the
prevalence of cigarette smoking was 5.7% among non-Hispanic
black HS students compared with 9.0% and 10.2% among
Hispanic and non-Hispanic white students, respectively (Sup-
plementary Table S1). Higher smoking prevalence among His-
panic and non-Hispanic white relative to non-Hispanic black
HS students is a pattern that has been observed since early the
1980s (40). Among HS students, Rhode Island had the lowest
smoking prevalence (4.8%) and West Virginia the highest
(18.8%; Table 2).

Other tobacco product use among youth
Cigar and waterpipe smoking and smokeless tobacco use is

relatively common in youth (13). In 2015, 8.6% of HS students
reported current use of cigars and 6.0% reported current use of
smokeless tobacco (13). HS girls had lower current cigar (5.6%)
and smokeless tobacco (1.8%) use than boys (cigar, 11.5%;
smokeless tobacco, 10.0%; Supplementary Table S1). Current
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use of waterpipes among HS students nearly doubled from
4.1% in 2011 to 7.2% in 2015 (13, 41).

The use of e-cigarettes among youth has increased substan-
tially in the past several years, surpassing conventional cigarette
use among HS students in 2014 (42). However, e-cigarettes
may not be the most common form of nicotine or tobacco
product used as some youth use e-cigarettes that do not contain
nicotine (43, 44). The prevalence of current e-cigarette use
among HS students increased from 1.5% in 2011 (41) to
16.0% in 2015 (boys, 19.0%; girls, 12.8%; Supplementary
Table S1). Similar to patterns of cigarette smoking, current
e-cigarette use was lower among blacks (8.9%) compared with
whites (17.2%) and Hispanics (16.4%) in 2015 (13). Use of
e-cigarettes also varies by state; in 2015, 13.4% of HS students
in the District of Columbia reported current use compared with
31.2% in West Virginia (14).

Tobacco cessation among adults and youth
Smokers who quit can expect to live as many as 10 years

longer than those who continue to smoke, with the largest
benefit for those who quit earliest (16, 45). Approximately
59% (52.8 million) of the 89.3 million Americans who
have ever smoked 100 cigarettes in their lifetime are former
smokers (7, 46). Of the 36.5 million U.S. adults who cur-
rently smoke, in 2015, 18.0 million (49.2%) reported
attempting to quit for at least one day in the past year (7).
However, less than one-third of those who tried to quit
reported using counseling, nicotine replacement therapy,
and/or medication (46). Among adult smokers, the propor-
tion attempting to quit and the use of cessation aids remained
stable between 2010 and 2015 (46). In 2015, 45.4% of HS
cigarette smokers made a quit attempt in the past year (boys,
39.7%; girls, 52.8%; range: California ¼ 35.2%, Alaska ¼
59.5%; ref. 14).

Overweight and obesity, physical activity, and nutrition
The World Cancer Research Fund estimates that about 20%

of all cancers in the United States can be attributed to a
combination of overweight and obesity, poor nutrition,
excess consumption of alcoholic beverages, and insufficient
physical activity (3). Adults who most closely follow lifestyle
cancer prevention recommendations for nutrition and phys-
ical activity are less likely to be diagnosed with and die from
cancer (47).

Overweight and obesity
A recent review concluded that being overweight or obese

increases the risk of developing 13 cancers: uterine corpus, esoph-
agus (adenocarcinoma), liver, stomach (gastric cardia), kidney
(renal cell), brain (meningioma), multiple myeloma, pancreas,
colorectum, gallbladder, ovary, breast (postmenopausal), and
thyroid (48). Limited evidence suggests that excess body fatness
may also be associated with an increased risk of non-Hodgkin
lymphoma (diffuse large B-cell lymphoma), male breast cancer,
and fatal prostate cancer.

Obesity prevalence among adults
The prevalence of obesity (BMI � 30 kg/m2) in adults more

than doubled between 1976–1980 (15.0%; ref. 49) and 2013–
2014 (37.7%; ref. 50) and continues to rise among women, but
appears to have stabilized among men in recent years (50). In
2013–2014, seven in 10 U.S. adults (�20 years) were over-
weight or obese (BMI � 25.0 kg/m2; men, 73.7%; women,
66.9%) and 40.4% of women and 35.0% of men were obese
(10). The prevalence of obesity is notably higher among His-
panic and black women compared with white women, but such
wide differences are not observed among men (Fig. 2A and B).
In 2015, the prevalence of obesity ranged from 20.2% in
Colorado to 36.2% in Louisiana (Fig. 3A).

Obesity prevalence among youth
Between 1976 and 2002, obesity prevalence among adoles-

cents (12–19 years) tripled (5.0%–16.0%), with increases
across all races/ethnicities and genders (51). However, obesity
prevalence has recently plateaued among black boys and white
girls, but increased in Hispanic girls and decreased in Hispanic
boys (Fig. 2C and D). In 2013–2014, obesity prevalence
increased with age, from 9.4% in young children (2–5 years)

Table 1. Current cigarette smokinga (%), adults 18 years and older, National
Health Interview Survey, 2015

Men Women Overall

Overall 16.8 13.8 15.3
Age (years)
18–24 15.0 11.0 13.0
25–44 19.6 15.8 17.7
45–64 17.9 16.1 17.0
65þ 9.7 7.4 8.4

Race/ethnicityb

White 17.9 16.9 17.4
Black 20.6 13.5 16.7
Hispanic 12.8 7.2 10.0
American Indian/Alaska Native 25.3 23.2 24.2
Asian 11.8 3.3 7.1

Educationc

No HS diploma 28.7 22.6 25.6
GED 37.4 30.4 34.1
HS diploma 22.2 19.9 21.0
Some college/assoc. degree 18.7 17.2 17.9
Undergraduate degree 8.1 6.6 7.3
Graduate degree 4.0 3.4 3.7

Sexual orientation
Gay or lesbian 19.6 15.7 17.8
Straight 16.7 13.6 15.1
Bisexual 26.8 20.9 23.2

Immigration status
Born in U.S. 18.1 16.1 17.1
Born in U.S. territory 22.7 9.7 15.3
In U.S. fewer than 10 years 11.3 3.2 6.9
In U.S. 10þ years 11.0 5.0 7.9

Health insurance coveraged

Uninsured 28.8 25.3 27.4
Insured 16.2 13.8 15.0

Region
Northeast 15.0 12.5 13.7
Midwest 19.8 18.5 19.2
South 17.3 14.0 15.5
West 14.6 10.2 12.4

NOTE: Estimates are age adjusted to the 2000 U.S. standard population.
aEver smoked 100 cigarettes in lifetime and smoking every day or some days at
time of survey.
bEstimates for white, black, American Indian/Alaska Native, and Asian are
among non-Hispanics. Estimate for Asians does not include Native Hawaiians
or other Pacific Islanders.
cAmong persons 25 years and older.
dAmong persons 18–64 years of age.
Source: Centers for Disease Control and Prevention. National Health Interview
Survey, 2015. Public use data file.
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to 17.4% in older children (6–11 years) and 20.6% in ado-
lescents (12–19 years; ref. 52). The percentage of U.S. HS
students who were obese in 2015 varied by state and ranged
from 10.3% in Montana to 18.9% in Mississippi (Fig. 3C).
However, state-level data can mask some disparities. A recent
study reported that adolescent obesity exceeded 20% in many
counties located in the Deep South and Southern Appalachian
regions (53).

Physical activity
Physical activity acts in a variety of ways to reduce the risk of

several types of cancer, including colorectal, lung, liver, kidney,
and esophageal (adenocarcinoma; ref. 54). The benefits of phys-
ical activity are even observed among people who are overweight,
obese, and have a history of smoking (54).

Physical activity prevalence among adults
In 2015, nearly one-half (49.8%) of adults (men, 53.0%;

women, 46.9%) reported engaging in recommended levels of
aerobic physical activity (Supplementary Table S2). This pro-
portion varied widely by educational attainment ranging from
29.8% in people with less than a high school degree to 63.1%
in college graduates. Only about two in 10 adults reported
meeting both aerobic and muscle strengthening activity levels

in 2015 (Supplementary Table S2), which is an increase com-
pared with 1998 but these levels have not changed in recent
years (18). A greater proportion of adults �65 years reported
meeting both aerobic (absolute increase: 6%–8%) and muscle-
strengthening activity levels (absolute increase: 4%–8%) in
2013–15 compared with 2000–02 (55). In general, most states
with a relatively high proportion of adults reporting no leisure-
time physical activity also had a relatively high proportion of
obese adults (Fig. 3A and B).

Physical activity among youth
In 2015, 27.1% of U.S. HS students met recommended levels

of physical activity (Supplementary Table S3). As shown
in Fig. 3D, the proportion of HS students who did not meet
recommended physical activity levels, varied across the nation
(range: Oklahoma ¼ 67.8%; District of Columbia ¼ 84.0%).
Although the pattern is not as distinct as among adults, states with
a relatively high proportion of HS students reporting lack of
physical activity also had a relatively high proportion of obese
HS students (Fig. 3C and D).

Nutrition and dietary factors
Adhering to a diet that contains a variety of fruits and

vegetables, whole grains, and fish or poultry and fewer red
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Figure 1.

Age-adjusted current cigarette smoking
trends, by race/ethnicity, NHIS, 1990–2015.
A, Adult men ages 18 years and older. B,
Adult women ages 18 years and older. Note:
Current smokers defined as those who ever
smoked 100 cigarettes in lifetime and
smoking every day or some days at time of
survey. Estimates for whites and blacks are
among non-Hispanics. Source: 1990–2014:
National Center for Health Statistics.
Health, United States, 2015: With Special
Feature on Racial and Ethnic Health
Disparities. Hyattsville, MD, 2016. 2015:
Centers for Disease Control andPrevention.
National Health Interview Survey, 2015.
Public use data file.
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and/or processed meats is associated with reduced cancer risk
(56). However, a large proportion of the American diet is
comprised of foods high in fat, refined carbohydrates, and
added sugar (57).

Intake of vegetables and fruits
There is probable evidence that greater consumption of non-

starchy vegetables and fruits is associated with lower risk of
mouth, pharynx, larynx, esophageal, and stomach cancers (58).
Some evidence also suggests that consuming nonstarchy vegeta-
blesmay lower the risk of hard-to-treat estrogen receptor–negative
breast tumors (59).

Among adults, in 2015, only 16.0% reported consuming �3
servings of vegetables per day (range: West Virginia ¼ 9.8%,
District of Columbia ¼ 23.0%), and 28.9% reported eating �2
servings of fruits daily (range: West Virginia ¼ 17.0%,
Maine ¼ 35.1%) (Table 3). In 2015, only 14.8% of HS
students reported consuming vegetables �3 times per day
(range: South Carolina ¼ 9.1%, Vermont ¼ 18.1%). However,
about one-third of HS students in 2015 consumed 100% fruit
juice or fruit �2 times a day (range: Kentucky ¼ 21.0%,
Vermont ¼ 34.3%; Table 3). These proportions have not
changed in recent years (6).

Processed meats and red meat
The IARC recently classified processed meat as a human car-

cinogen andunprocessed redmeat as aprobable carcinogenbased
on the evidence of their association with increased colorectal
cancer risk (60). The evidence for an association between con-
sumption of processed or red meat with increased risk of pan-
creatic cancer is considered limited by theWorld Cancer Research
Fund/American Institute for Cancer Research (3). In the United
States, red meat consumption has declined since 1970 (61) but
intake of both unprocessed red meat and processed meat has
remained stable since 1999 (62).

Whole grains
Evidence of the association between whole-grain foods and

different types of cancer is limited, although there is some
evidence that higher intake of whole-grain foods and dietary
fiber reduces the risk of colorectal cancer and healthier dietary
patterns, including more whole grains, is associated with lower
risk of cancer-related death (3, 63). From 2009 to 2012, the
average daily consumption of whole grains increased from 0.56
to 1 serving/day but still represented only 16% of total grains
consumed (62), which is below the U.S. Department of Agri-
culture recommendation that at least one-half of grains con-
sumed should be whole (64).

Alcoholic beverages
Consumption of alcoholic beverages increases risk for cancers

of the mouth, pharynx, larynx, esophagus, liver, colorectum, and
female breast, and there is some evidence of an association with
pancreatic cancer (17, 56, 65, 66). When combined with tobacco
use, alcohol consumption increases the risk of cancers of the
mouth, larynx, and esophagus far more than the independent
effect of either drinking or smoking alone (65). In 2011–14,
according to data from the National Survey on Drug Use
and Health, 28.1% of adults (men, 33.4%; women, 23.2%)
reportedly drank excessively (during the past 30 days – men:

Table 2. Prevalence (%) of current cigarette smoking and use of smokeless
tobacco products, adults 18 years and older and high school students, by state,
BehavioralRiskFactorSurveillanceSystemandYouthRiskBehaviorSurvey, 2015

Adults HS Students
Cigarette
smokinga

Smokeless
tobacco useb

Cigarette
smokingc

Smokeless
tobacco used

Range 9.1–26.0 1.6–9.3 4.8–18.8 3.0–13.4
Alabama 21.4 6.0 14.0 12.5
Alaska 19.1 6.4 11.1 11.7
Arizona 14.0 2.7 10.1 6.2
Arkansas 24.9 6.2 15.7 10.6
California 11.7 1.6 7.7 3.0
Colorado 15.7 4.1 NAf NAf

Connecticut 13.5 1.7 10.3 NAf

Delaware 17.4 2.7 9.9 4.5
District of
Columbia

16.0 —e NAf NAf

Florida 15.8 2.6 9.9 NAf

Georgia 17.7 4.3 NAf NAf

Hawaii 14.1 2.3 9.7 NAf

Idaho 13.8 5.3 9.7 8.3
Illinois 15.1 3.1 10.1 5.6
Indiana 20.6 4.4 11.2 9.4
Iowa 18.1 4.5 NAf NAf

Kansas 17.7 5.6 NAf NAf

Kentucky 26.0 7.3 16.9 12.6
Louisiana 21.9 5.7 NAf NAf

Maine 19.5 3.0 11.2 5.1
Maryland 15.1 2.6 8.7 5.8
Massachusetts 14.0 2.6 7.7 5.5
Michigan 20.7 3.4 10.0 6.2
Minnesota 16.2 4.0 NAf NAf

Mississippi 22.6 7.6 15.2 11.6
Missouri 22.3 5.5 11.0 10.0
Montana 18.9 8.3 13.1 12.3
Nebraska 17.1 5.5 13.3 9.3
Nevada 17.6 2.7 7.5 5.1
New Hampshire 15.9 2.1 9.3 6.0
New Jersey 13.5 1.8 NAf NAf

New Mexico 17.5 4.0 11.4 8.7
New York 15.2 2.4 8.8 6.7
North Carolina 19.0 4.9 13.1 8.6
North Dakota 18.7 7.6 11.7 10.6
Ohio 21.6 4.4 NAf NAf

Oklahoma 22.2 6.6 13.1 9.0
Oregon 17.1 3.8 NAf NAf

Pennsylvania 18.1 4.0 12.9 9.5
Rhode Island 15.5 2.1 4.8 5.3
South Carolina 19.7 4.2 9.6 7.2
South Dakota 20.1 6.4 10.1 11.7
Tennessee 21.9 6.3 11.5 11.0
Texas 15.2 4.0 NAf NAf

Utah 9.1 2.8 NAf NAf

Vermont 16.0 3.7 10.8 6.9
Virginia 16.5 4.3 8.2 5.5
Washington 15.0 3.4 NAf NAf

West Virginia 25.7 9.3 18.8 13.4
Wisconsin 17.3 3.8 NAf NAf

Wyoming 19.1 9.2 15.7 11.6
aSmoked 100 cigarettes in their entire lifetime and are current smokers (regular
and irregular).
bReported currently using chewing tobacco, snuff, or snus every day or some
days.
cSmoked cigarettes on one or more of the 30 days preceding the survey.
dUsed chewing tobacco, snuff, or dip on one or more of the 30 days preceding
the survey.
eEstimate not presented due to instability.
fData not available.
Source: Adults: Centers for Disease Control and Prevention. Behavioral Risk
Factor Surveillance System, 2015. Public use datafile. High school students: Kann
L, McManus T, HarrisWA, et al., Youth Risk Behavior Surveillance - United States,
2015. MMWR Surveill Summ 2016;65(SS06): 1–174.
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>2 drinks per day on average or �5 drinks on a single occasion;
women: >1 drink per day on average or �4 drinks on a single
occasion; ref. 67). During 2011–14, excessive drinking ranged
from 18.3% in Utah to 40.9% in the District of Columbia and is
more common among whites and Hispanics than blacks and
Asians (67).

Ultraviolet radiation and skin cancer
Basal cell and squamous cell carcinomas, also referred to as

keratinocyte carcinoma (KC; ref. 68), are the most frequently
diagnosed and highly curable forms of skin cancer (69). Invasive
melanoma accounts for only about 1%of all skin cancer cases but
the majority of skin cancer–related deaths. An estimated 87,110
cases of invasive melanoma will be diagnosed and 9,730 deaths
will occur in 2017 (4). A recent study estimated that 230,000
melanoma cases could be averted from 2020 to 2030 if a nation-
wide comprehensive skin cancer prevention programwere imple-
mented (70).

Skin protection behaviors
The use of sun-protective behaviors did not change between

2010 and 2015 (6). In 2015, the most commonly reported sun-
protective behaviors were seeking shade (39.0%) and wearing
sunscreen (34.8%), and wearing a cap/visor (34.5%) when out-
side on awarm, sunny day formore than an hour (Supplementary
Fig. S1). Among U.S. HS students surveyed in 2015, 55.8% (girls:
59.8%, boys: 52.0%) reported having had a sunburn in the past
year (14).

Artificial UVR exposure (indoor tanning)
The IARC considers UV-emitting indoor tanning devices carci-

nogenic to humans based on their association with increased
risk of cutaneous and ocular melanoma (71). The risk of mela-
noma is about 60% higher for people who began using indoor
tanning devices before the age of 35 and increases with the
number of total hours, sessions, or years that indoor tanning
devices are used (72, 73).
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Figure 2.

Obesity trends by race/ethnicity, National Health and Nutrition Examination Survey, 1976–2014. A, Adult men (ages 20–74 years). B, Adult women
(ages 20–74 years). C, Adolescent boys (ages 12–19 years). D, Adolescent girls (ages 12–19 years). Note: Adult obesity defined as BMI of 30.0 kg/m2 or
greater. Adolescent obesity defined as BMI at or above the sex- and age-specific 95th percentile BMI cut-off points from the 2000 CDC Growth Charts. Persons
of Mexican origin may be of any race. Estimates for whites, blacks, and Asians are among non-Hispanics. 2013–14 estimate for non-Hispanic white girls has
a relative standard error >30%. Estimates not shown for Asians due to instability. Estimates for adults are age-adjusted. Source: 1976–2010: National Center
for Health Statistics. Health, United States, 2013: With Special Feature on Prescription Drugs. Hyattsville, MD, 2014. 2011–2012: Ogden, CL, et al. JAMA.
2014;311(8):806–814. 2013–2014 (as well as 2011–12 data for Mexican Americans): Centers for Disease Control and Prevention. National Health and Nutrition
Examination Surveys, 2011–2012 and 2013–2014. Public use data files.
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The prevalence of indoor tanning in the past year, among
adults, declined from 5.5% in 2010 to 3.6% in 2015 (7, 74).
In 2015, indoor tanning device use in the past year was
higher among women (5.6%) than men (1.6%) and among
those living in the Midwest (5.5%) than in other regions (7).
Recent indoor tanning has declined among female HS stu-
dents as well, from 25.4% in 2009 to 10.6% in 2015
(14, 75). The decreasing trend was most pronounced among
non-Hispanic white girls (Fig. 4). Indoor tanning among HS
boys is less common (4.0%) and prevalence appears to have
been relatively stable since 2009 (14, 75). During 2009–
2011, indoor tanning was more common among HS students
living in states without indoor tanning laws (30.1%) com-
pared with states with any form of indoor tanning laws
(21.2%; ref. 76).

Infectious agents
There are several infectious agents including HPV, Helicobacter

pylori (H. pylori), HBV, and hepatitis C virus (HCV) that are known

to cause cancer (77). In North America, about 4% of all cancers in
2012 were attributable to infectious agents (77). Below we briefly
describe each of these major infections.

HPV
Approximately 14 million people are newly infected with HPV

annually (78). Persistent infectionwithHPVaccounts for virtually
all cervical cancers, 90% of anal cancers, about 70% of oropha-
ryngeal cancers, and 60%–70% of vaginal, vulvar, and penile
cancers (79). Incidence rates for several HPV-related cancers,
including oropharyngeal, anal, and vulvar cancers, have increased
in recent years; however, cervical cancer incidence rates have
continued to decline because of widespread Pap testing (80).
Three vaccines have been approved by the FDA for the prevention
of HPV. However, the 9-valent vaccine, which has the potential to
avert 90%ofHPV-related cancers, is the only one currently offered
in the United States (81).

The uptake of HPV vaccination is increasing (15), although
according to 2015 NIS-Teen data, 62.8% and 49.8% of U.S.

Figure 3.

Prevalence (%) and rank of obesity and lack of physical activity, Behavioral Risk Factor Survey and Youth Risk Behavior Survey, 2015. A, Obesity among
adults. B, No leisure-time physical activity among adults. C, Obesity among high school students. D, Not meeting recommendations for daily physical activity
among high school students. Note: Estimates for adults are among those ages 18 years and older. Physical activity estimates among high school students
pertain to all 7 days preceding the survey. Source: Adults: Centers for Disease Control and Prevention. Behavioral Risk Factor Surveillance System, 2015.
Public use data file. High school students: Kann L, McManus T, Harris WA, et al., Youth Risk Behavior Surveillance - United States, 2015. MMWR Surveill
Summ 2016;65(SS06): 1–174.
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Table 3. Consumption (%) of fruits and vegetables, adults 18 years and older and HS students, by state, Behavioral Risk Factor Surveillance System and Youth Risk
Behavior Survey, 2015

Adults HS Students
Consumed �2
fruit servings
a day

Consumed �3
vegetable
servings a daya

Consumed fruit or
100% fruit juice
�2 times per dayb

Consumed
vegetables �3
times per dayc

United States 28.9 16.0 31.5 14.8
Range 17.0–35.1 9.8–23.0 21.0–34.3 9.1–18.1
Alabama 19.0 10.5 23.4 10.2
Alaska 30.8 21.8 28.6 14.2
Arizona 29.6 18.9 30.1 14.7
Arkansas 22.8 13.8 26.3 13.4
California 32.6 19.7 33.3 15.9
Colorado 33.3 20.1 NAd NAd

Connecticut 32.3 17.7 30.5 12.8
Delaware 28.7 15.8 31.0 NAd

District of Columbia 34.5 23.0 28.0 12.1
Florida 31.3 18.8 33.2 15.5
Georgia 25.6 16.1 NAd NAd

Hawaii 28.9 21.2 23.2 NAd

Idaho 30.2 18.6 25.6 11.3
Illinois 33.7 17.4 30.9 12.7
Indiana 27.8 15.8 25.5 9.8
Iowa 27.7 12.2 NAd NAd

Kansas 24.3 14.2 NAd NAd

Kentucky 19.1 11.1 21.0 11.1
Louisiana 23.5 13.3 NAd NAd

Maine 35.1 19.1 30.1 NAd

Maryland 31.9 16.8 28.8 13.4
Massachusetts 31.9 19.0 31.4 12.0
Michigan 29.5 14.0 27.5 9.8
Minnesota 29.1 14.4 NAd NAd

Mississippi 19.7 11.4 25.2 12.4
Missouri 25.2 14.2 24.1 10.5
Montana 24.9 15.2 27.5 13.3
Nebraska 29.2 14.4 26.8 13.2
Nevada 26.6 17.5 29.3 13.8
New Hampshire 34.9 19.2 NAd NAd

New Jersey 29.2 15.2 NAd NAd

New Mexico 27.1 19.7 27.5 16.4
New York 32.5 17.8 30.5 NAd

North Carolina 25.0 15.3 27.3 12.5
North Dakota 29.2 14.2 27.6 11.1
Ohio 25.8 13.3 NAd NAd

Oklahoma 18.6 11.0 28.2 12.1
Oregon 32.7 21.9 NAd NAd

Pennsylvania 28.8 13.9 28.6 10.7
Rhode Island 30.6 16.4 29.6 12.0
South Carolina 23.4 13.2 23.9 9.1
South Dakota 22.5 10.9 24.0 11.9
Tennessee 25.1 16.4 23.1 9.7
Texas 27.8 19.3 NAd NAd

Utah 29.6 17.2 NAd NAd

Vermont 32.3 20.1 34.3 18.1
Virginia 26.7 14.4 29.8 13.8
Washington 30.1 19.3 NAd NAd

West Virginia 17.0 9.8 27.9 12.9
Wisconsin 32.0 14.6 NAd NAd

Wyoming 27.4 16.0 26.7 13.9

NOTE: U.S. estimate presented for adults is median of state values. U.S. estimate presented for high school students is nationally representative.
aVegetables included cooked or canned beans, dark green vegetables, orange colored vegetables or other vegetables (excludes fried potatoes).
bDuring 7 days preceding survey.
cVegetables included green salad, potatoes (excluding French fries, fried potatoes, or potato chips), carrots, or other vegetables, during the 7 days preceding the
survey.
dData not available.
Sources: Adults: Centers for Disease Control and Prevention. Behavioral Risk Factor Surveillance System, 2015. Public use data files. High school students: Kann L,
McManus T, Harris WA, et al., Youth Risk Behavior Surveillance - United States, 2015. MMWR Surveill Summ 2016;65(SS06): 1–174.
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girls and boys 13–17 years, respectively, had initiated HPV
vaccination (at least one dose; Supplementary Table S4). For
routine vaccination, a two-dose vaccination schedule is now
recommended (82–84). In 2015, among adolescent girls,
52.2% received at least two doses of the vaccine compared
with 39.0% of adolescent boys (Supplementary Table S4).
Receipt of two doses of HPV vaccine among adolescent girls
ranged from 35.9% in Utah to 77.9% in Rhode Island. Among
adolescent boys, HPV vaccination ranged from 25.2% in
Kentucky to 66.6% in Rhode Island (Supplementary Table
S4). In 2014, among adult women and men 19–26 years,
40.2% and 8.2%, respectively, reported ever having received at
least one dose of HPV vaccine (85).

H. pylori
Chronic infection with H. pylori may eventually lead to

stomach cancer and gastric lymphoma (86, 87). Approximately
one-half of the world's population is infected with H. pylori,
and most will remain unaware of their infection (88). In the
United States, H. pylori infection ranges from 21.2% in non-
Hispanic whites to 52.0% in blacks and 64.0% in Mexican
Americans (89), with higher prevalence among those who
recently immigrated to the United States (90). H. pylori prev-
alence is five to nine times higher in adults over the age of 50
compared with adults in their 20s (89).

HBV
Chronic infection with HBV can cause liver cancer (91) and is

increasingly recognized as a risk factor for non-Hodgkin lympho-
ma (92). The overall prevalence of chronic HBV in the United
States has remained unchanged since 1999 (0.3%). Approximate-
ly 850,000 to 2.2 million people are living with chronic HBV
infection in the United States (93, 94). According to 2007–2012
NHANES data, 3.1% of Asians, 0.6% of blacks, and <0.1%whites
and Mexican Americans had chronic HBV infection (93). In
general, HBV prevalence is higher among immigrants (93, 94),
particularly among those born in South East Asia and Sub-
Saharan Africa (95, 96).

Vaccination against HBV has been the primary prevention
strategy in reducing prevalence of the virus (97, 98). In 2015,
91.1% of adolescents had received at least three HBV vaccine
doses (Supplementary Table S4) and by race/ethnicity ranged
from 87.4% in Hispanics to 93.1% in American Indians/Alaska
Natives (15). The lowest prevalence of adolescent HBV vaccina-
tion coverage in 2015 was reported in Idaho (83.1%), the highest
in New Hampshire (97.8%; Supplementary Table S4).

HCV
Chronic infection withHCV can cause liver cancer (91) and has

been shown to increase the risk of non-Hodgkin lymphoma (99).
In the United States, approximately 3.5 million are living with
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Figure 4.

Prevalence (%) of recent use of an
indoor tanning device among high
school students by race/ethnicity,
Youth Risk Behavior Survey, 2009–
2015. A, Among females. B, Among
males. Note: Recent use defined as at
least once during the 12 months
preceding the survey. Estimates for
whites, blacks and Asians are among
non-Hispanics. Source: Centers for
Disease Control and Prevention
(CDC). 2009–2015 High School Youth
Risk Behavior Survey Data. Available
from: http://nccd.cdc.gov/
youthonline/. Accessed on December
20, 2016.
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HCV infection (100), 80% of whom are baby boomers (people
born between 1945 and 1965; ref. 101). As a result of the aging of
the baby boom cohort, liver cancer incidence and mortality rates
continue to increase in the United States (102). The rise in HCV-
associated deaths is thought to reflect the HCV epidemic that
began in the late 1960s primarily through injection drug use
(103). HCV infection is also more common among men, non-
Hispanic blacks, and those with lower socioeconomic status
according to 2003–2010 NHANES data (104). Prevalence is
particularly high in certain sub-groups including the homeless
(22.2%–52.5%), the incarcerated (23.1%–41.2%), and veterans
(5.4%–10.7%; ref. 105). There is no vaccine to protect against
HCV infection, although there are anti-viralmedications to reduce
HCV replication and one-time HCV testing is recommended for
baby boomers (106). A recent study estimated that approximately
13.8% of people in this birth cohort reported HCV testing accord-
ing to 2015 NHIS data (107).

Human immunodeficiency virus
Peoplewith human immunodeficiency virus (HIV)/AIDS are at

an increased risk of several cancers, including Kaposi sarcoma,
non-Hodgkin lymphoma, and cervical cancer (108, 109) as well
as cancers associated with other infectious agents in part due to
shared routes of transmission (110–112). People infected with
HIV also have higher rates of lung cancer, likely due to higher
smoking rates as well as immunosuppression in this population
(109, 113).

In 2014, HIV incidence and death rates were 12.6 and 4.7 per
100,000 people, respectively (114). In the United States, there are
more than 1.2 million adults and adolescents living with HIV,
many of whom are unaware of their infection (115, 116). Over
time, the prevalence of HIV infection has increased due to
decreasing death rates among those infected and decreasing
incidence rates (114). HIV prevalence is higher in urban areas as
well as in theNortheast states; however, the rate of newly acquired
HIV is highest in Southern states, especially amongmenwhohave
sex with men (117, 118).

Cancer screening
Early detection of cancer through screening reduces mortality

from cancers of the colon, rectum, breast, uterine cervix, and lung.
In addition to detecting cancer early, screening for colorectal and
cervical cancers can prevent these cancers by identifying precan-
cerous lesions that can be removed (84).

Breast cancer screening
Among women in the United States, an estimated 252,710

cases of invasive breast cancer will be diagnosed in 2017 and
40,610 deaths will occur (4). Overall, female breast cancer–
related death rates have been declining since 1989 in the United
States, largely due to earlier detection and improvements in
treatment (4).

The percentage of women �40 years who reported having a
mammogram within the past two years increased from 29% in
1987 to 70% in 2000 (119) and has since gradually declined to
64% in 2015 (Table 4). The American Cancer Society recom-
mends that women 40–44 years have the option to begin annual
mammography, that women 45–49 years receive annual mam-
mography, and that women�55 years may transition to biennial
mammography. In 2015, about one-half (50.2%) of women�40
years reported having had a mammogram within the past year.
Women 40–44 years were less likely to report a mammogram

within the past two years compared with women 45–54 years,
49.1% and 69.3%, respectively (Table 4). The U.S. Preventive
Services Task Force (USPSTF) recommends routine biennial
mammography inwomen ages 50–74 years, amongwhombreast
cancer screening prevalence is 71.5% (120). The prevalence of
mammography in the past two yearswas similar amongHispanic,
American Indian/Alaskan Native, and Asian women (59.4%–

60.8%) but was higher among white (64.8%) and black
(68.8%) women 40 years and older. The lowest prevalence of
mammography use in the past two years was reported among
uninsured women (30.7%) and recent immigrants (46.2%; Table
4). In 2014, the proportion of women �40 years who reported
having amammogram in the past two years ranged from62.2% in
Idaho to 82.0% in Massachusetts (Table 5).

Cervical cancer screening
In the United States an estimated 12,820 cases of invasive

cervical cancer will be diagnosed in 2017, and 4,210 deaths are
estimated to occur (4). Cervical cancer incidence and mortality
rates have decreased by more than 50% over the past three
decades, with most of the reduction attributed to screening with
the Pap test (4, 121).

Since 1987, overall Pap testing prevalence has exceeded 80%,
but has remained lower in some populations (18). In 2015,
81.4% of women 21–65 years reported having had a Pap test
within the past three years (Table 4). About one-third (32.4%) of
women 30–64 years reported having had a HPV test with a Pap
test within the past five years; this proportion was higher among
women in their 30s (43.1%) compared with women �40 years
(22.3%–31.6%; ref. 7). The prevalence of Pap test use was similar
among black (84.7%) and white (83.1%) women but lower
among Hispanic (77.4%), Asian (73.3%), and American Indi-
an/Alaska Native women (70.9%). Recent Pap test use was lowest
among uninsured women (60.8%) and recent immigrants
(68.2%; Table 4) and ranged from 76.2% in Idaho to 88.0% in
Massachusetts (Table 5).

Colorectal cancer screening
An estimated 135,430 cases of colon and rectal cancers will be

diagnosed and 50,260 deaths are expected to occur in the United
States in 2017 (4). Declines in colorectal cancer incidence since
the mid-1980s and mortality since the early 1970s are attributed
to increased colorectal cancer screening utilization, changing
patterns in risk factors (e.g., declines in smoking, increases in use
of nonsteroidal anti-inflammatory drugs) and improved treat-
ment (mortality; ref. 122).

Screening for colorectal cancer has increased rapidly from
38.6% in 2000 to 59.1% in 2010, primarily the result of increased
utilization of colonoscopy (123, 124). Between 2010 and 2013,
overall colorectal cancer screening prevalencewas similar at 58%–

59%, but modestly increased to 62.6% in 2015 (Table 4). Endo-
scopic screening, primarily colonoscopy, continues to be
more common (60.3%) than stool-based tests (7.2%; Table 4).
The proportion of adults who had a stool-based test or an
endoscopy within the recommended timeframe was higher
among people �65 years (68.3%) compared with those 50–64
years (57.8%; Table 4). Screening prevalence was highest among
whites (65.4%) followed by blacks (61.8%), American Indian/
Alaska Natives (54.3%), Hispanics (49.9%), and Asians
(49.4%; Table 4). Colorectal cancer screening utilization was
lowest among the uninsured (25.1%) and recent immigrants
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(33.7%; Table 4). The proportion of adults �50 years who had a
home-based fecal test in the past year, sigmoidoscopy in the past
five years, or colonoscopy in the past 10 years ranged from 58.0%
in Wyoming to 76.0% in Massachusetts (Table 5).

Lung cancer screening
Among men and women in the United States, an estimated

222,500 new cases of lung cancer will be diagnosed in 2017 and
155,870 deaths are expected (4). Lung cancer death rates have

Table 4. Age-adjusted prevalence (%) of cancer screening exam utilization, adults, National Health Interview Survey, 2015

Breast cancer screening
among women �40 years

Cervical cancer
screening
among women
21–65 years

Colorectal cancer screening
among men and women �50

years

Prostate cancer
screening
among men
�50 years

Mammogram
in the past
year

Mammogram
in the past
two years

Pap test within
the past three
yearsa

Fecal
testb

Endoscopyc Combined
Fecal/
Endoscopyd

PSA test in
the past yeare

Overall 50.2 64.3 81.4 7.2 60.3 62.6 34.4
Gender
Males — — — 7.6 60.9 63.2 —

Females — — — 6.8 59.9 62.2 —

Age (years)
40–44 37.6 49.1 — — — — —

45–54 53.5 69.3 — — — — —

55þ 53.1 67.6 — — — — —

21–29 — — 76.7 — — — —

30–39 — — 87.9 — — — —

40–49 — — 81.1 — — — —

50–65 — — 81.5 — — — —

50–64 — — — 6.0 55.3 57.8 28.7
65þ — — — 8.6 66.1 68.3 41.1

Race/ethnicityf

White 50.3 64.8 83.1 6.9 63.3 65.4 37.1
Black 55.4 68.8 84.7 8.0 59.3 61.8 30.7
Hispanic 45.7 60.8 77.4 7.3 47.6 49.9 25.5
AI/AN 46.1 60.1 70.9 —i 49.6 54.3 —i

Asian 47.1 59.4 73.3 9.2 44.8 49.4 17.4
Sexual orientation
Gay/lesbian 62.0 78.2 73.6 —i 68.0 71.8 44.2
Straight 50.1 64.3 81.8 7.2 60.3 62.7 34.4
Bisexual —i —i 79.8 —i 52.0 53.2 —i

Education
Some high school or less 38.9 50.8 69.9 6.3 45.3 47.4 20.1
High school diploma or GED 45.0 58.0 75.1 7.1 56.4 58.6 30.4
Some college/Assoc. degree 51.2 65.9 83.9 7.2 61.6 64.3 34.6
College graduate 57.9 73.2 88.6 7.7 68.9 71.3 44.0

Insurance statusg

Uninsured 20.9 30.7 60.8 4.0 24.0 25.1 10.2
Insured 52.5 67.8 84.4 6.2 56.8 59.6 29.8

Immigration status
Born in United States 51.1 65.5 83.3 7.1 62.4 64.7 35.9
Born in U.S. territoryh 47.4 58.9 74.3 —i 62.5 63.4 26.9
In US fewer than 10 years 33.3 46.2 68.2 —i 25.6 33.7 —i

In US 10þ years 46.8 60.1 76.0 8.0 48.8 51.8 26.7
Region
Northeast 53.7 67.2 84.7 5.0 64.5 65.5 34.7
Midwest 50.6 63.3 80.3 4.5 62.6 64.0 34.1
South 50.1 64.6 80.8 6.7 59.3 61.0 38.7
West 47.0 62.7 80.8 12.6 55.8 61.3 27.4

NOTE: The breast and colorectal cancer screening prevalence estimates do not distinguish between examinations for screening and diagnosis. All estimates are age
adjusted to the 2000 U.S. standard population.
Abbreviations: AI/AN, American Indian/Alaska Native; PSA, prostate-specific antigen.
aAmong women with intact uteri.
bFecal occult blood test (FOBT) or fecal immunochemical test (FIT) within the past year.
cA sigmoidoscopy within the past five years or a colonoscopy within the past 10 years.
dEither a FOBT or FIT within the past year, sigmoidoscopy within the past five years, or a colonoscopy within the past 10 years.
eAmong men who did not report a past diagnosis of prostate cancer.
fEstimates for white, black, American Indian/Alaska Native, and Asian are among non-Hispanics. Estimate for Asians does not include Native Hawaiians or other
Pacific Islanders.
gAmong those through age 64 years.
hHave been in the United States for any length of time.
iEstimate not provided due to instability.
Source: Centers for Disease Control and Prevention. National Health Interview Survey, 2015. Public use data file.
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Table 5. Prevalence (%) of cancer screening test utilization, adults, by state, Behavioral Risk Factor Surveillance System, 2014

Breast cancer screening
among women �40 years

Cervical cancer
screening among
women 21–65 years

Colorectal cancer screening among
men and women �50 years

Mammogram
in the past year

Mammogram in
the past two years

Pap test in the
past 3 yearsa

Fecal
testb Endoscopyc

Combined Fecal/
Endoscopyd

United States 56.2 72.8 82.6 8.2 63.9 67.6
Range 44.7–67.8 62.2–82.0 76.2–88.0 3.0–20.4 56.1–73.4 58.0–76.0
Alabama 56.8 72.7 83.2 7.7 63.6 65.9
Alaska 44.7 62.8 78.7 4.6 59.1 61.2
Arizona 53.9 70.7 79.8 10.7 61.9 65.6
Arkansas 49.4 64.6 78.1 7.2 59.5 62.1
California 59.6 77.0 83.1 20.4 61.0 68.6
Colorado 50.6 68.6 84.7 8.8 64.0 67.7
Connecticut 63.5 79.8 87.4 9.4 71.5 73.8
Delaware 62.8 79.5 86.5 5.9 71.9 73.2
District of Columbia 53.1 75.0 85.1 10.1 65.7 69.5
Florida 57.6 74.5 79.5 13.9 65.6 69.2
Georgia 59.8 75.3 84.7 10.7 65.1 67.6
Hawaii 65.2 78.9 78.1 17.4 60.2 69.3
Idaho 46.9 62.2 76.2 5.9 60.6 62.5
Illinois 55.1 73.6 81.4 6.7 60.3 62.5
Indiana 51.7 67.4 78.0 8.2 60.0 62.5
Iowa 61.6 76.0 84.5 7.0 66.0 68.2
Kansas 55.7 71.1 81.8 8.2 62.9 65.9
Kentucky 60.5 74.6 81.3 10.0 65.6 68.1
Louisiana 57.9 75.0 84.0 10.0 62.1 65.8
Maine 62.5 78.2 85.1 6.8 73.1 75.2
Maryland 62.7 79.5 86.7 11.5 69.3 72.1
Massachusetts 67.8 82.0 88.0 9.5 72.7 76.0
Michigan 57.6 75.9 83.5 9.0 69.9 72.1
Minnesota 60.9 76.5 86.1 5.8 69.4 71.7
Mississippi 53.4 67.6 83.5 11.5 58.8 62.0
Missouri 54.6 68.2 80.7 6.8 61.1 63.5
Montana 50.1 68.7 81.3 6.6 60.3 63.4
Nebraska 53.4 70.4 81.7 7.6 62.3 65.0
Nevada 52.1 69.7 78.1 12.1 56.4 61.6
New Hampshire 61.7 79.3 85.3 6.0 72.6 74.2
New Jersey 58.8 74.5 83.8 7.9 63.9 66.4
New Mexico 49.2 66.0 79.0 8.5 58.6 62.5
New York 60.4 74.9 82.6 8.8 66.7 69.4
North Carolina 62.5 76.7 85.8 11.4 68.5 71.8
North Dakota 56.1 72.5 81.6 6.9 60.7 63.6
Ohio 55.7 72.2 81.5 8.2 62.8 66.2
Oklahoma 51.2 65.5 77.2 8.6 56.3 59.4
Oregon 54.2 70.4 82.9 10.9 63.9 68.3
Pennsylvania 57.1 72.8 80.7 7.6 64.9 67.4
Rhode Island 64.9 80.6 85.9 8.7 73.4 75.5
South Carolina 54.4 71.9 82.5 7.9 66.5 69.0
South Dakota 61.1 74.7 84.7 7.7 64.6 67.5
Tennessee 55.7 72.6 85.5 9.2 63.5 66.6
Texas 54.4 71.0 77.7 8.5 59.3 62.7
Utah 49.2 66.0 77.2 3.0 70.0 70.7
Vermont 56.4 74.0 85.8 6.6 68.5 71.0
Virginia 59.5 75.1 85.2 7.7 67.8 70.0
Washington 53.1 71.0 81.0 10.9 65.8 70.1
West Virginia 56.2 71.9 80.3 10.7 61.7 65.4
Wisconsin 58.8 74.4 86.7 6.8 71.9 73.8
Wyoming 46.7 65.4 81.4 4.8 56.1 58.0

NOTE: The breast and colorectal cancer screening prevalence estimates do not distinguish between examinations for screening and diagnosis. U.S. estimate
presented is median of state values.
aAmong women with intact uteri.
bFecal test within the past year.
cSigmoidoscopy within the past five years or colonoscopy within the past 10 years.
dA fecal occult blood test within the past year or sigmoidoscopy within the past five years or colonoscopy within the past 10 years.
Source: Centers for Disease Control and Prevention. Behavioral Risk Factor Surveillance System, 2014. Public use data file.
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declined by 43% since 1990 in men and by 17% since 2002 in
women due to reductions in smoking (4). Beginning in 2013,
public health organizations issued recommendations for annual
low-dose spiral computed tomography (LDCT) for healthy
patients 55–74 years (American Cancer Society; ref. 125; USPSTF
recommendation: 55–80 years; ref. 126) who are current
smokers with at least a 30 pack-year history of smoking or former
smokers who quit within the past 15 years. According to a recent
study, approximately 6.8 million former and current smokers
were eligible for lung cancer screening in 2015, although only
3.2% of current high-risk smokers and 4.6% of former smokers
had undergone LDCT for lung cancer screening within the past
year (127).

Prostate cancer screening
In 2017, an estimated 161,360 new cases of prostate cancer

will be diagnosed in the United States and 26,730 men will die
of the disease (4). Death rates for prostate cancer have been
declining since the mid-1990s, in part, due to improvements in
treatment, management of recurrent disease, and early detec-
tion with the prostate-specific antigen (PSA) test (128). The role
of PSA testing in reducing mortality is debated because results
of two large clinical trials designed to determine the efficacy of
PSA testing were not in agreement. A European trial showed a
lower risk of death from prostate cancer among men invited to
receive PSA screening, while a U.S. trial, with frequent testing
among controls as part of usual care, did not (129, 130). When
the American Cancer Society (ACS) last updated the prostate
cancer screening guideline (2010), most experts agreed that the
evidence was insufficient to recommend for or against routine
testing for early prostate cancer detection given concerns about
frequent overdiagnosis and substantial risk for serious side
effects from prostate cancer treatment (131–133). The ACS
and the American College of Physicians supports the use of
shared decision making for PSA testing for men at average risk
beginning at age 50 years, indicating that PSA testing should
only occur if shared decision making has been conducted. In
2012, the USPSTF no longer recommended routine PSA testing
for asymptomatic men. Although the USPSTF's recently
released draft recommendation (as of April 2017) states that
men between the ages of 55 and 69 years should make an
individual choice on whether to have PSA testing after discuss-
ing its benefits and harms with a clinician (134). Declines in
PSA testing as well as prostate cancer incidence observed from
2008 to 2013 were attributed to the changes in the 2012
USPSTF recommendations (135). In 2015, the prevalence of
PSA testing within the past year was 34.4% in men �50 years
(Table 4). There is also evidence that the process of shared
decision making is infrequently implemented with regards to
PSA testing (136).

Discussion
This review provides an update on the use of cancer prevention

and early detection in the United States. Some metrics have
improved over time, yet others have either stabilized or worsened
and significant sociodemographic and geographical disparities
persist. For example, cigarette smoking among U.S. adults has
dropped to 15.3% in 2015 fromover 20% just 10 years earlier, but
remains at the level of the 1970s in some geographic areas and
population groups. The prevalence of obesity among both adults
and youth has not changed substantially in recent years and

remains high, particularly among black women (57.2%). In
addition, levels of physical activity remain suboptimal; only
about one-half of adults reported meeting recommended levels
of aerobic activity in 2015. The use of sun-protective behaviors,
such as seeking shade and wearing sunscreen have remained
stable in recent years, although indoor tanning has decreased
among white female HS students (2009, 37.4%; 2015, 15.2%).
HPV vaccination initiation has improved since it was first recom-
mended in2007 for girls and2011 for boys, but only two-thirds of
girls (62.8%) and half of boys (49.8%) initiated the vaccine in
2015. Pap testing remains the most commonly utilized cancer
screening exam (81.4%) andwhile screening for colorectal cancer
has increased in the past 15 years, it remains underutilized across
the entire population (62.6%). For all recommended cancer
screening exams discussed within, uptake is the lowest among
the uninsured and recent immigrants.

These findings highlight recent progress in cancer prevention
and early detection, but also identify areas in need of additional
cancer control and prevention efforts including programs, poli-
cies, and community-based approaches aimed at reducing obe-
sity, lowering persistently high tobacco use in some subgroups,
and increasing screening uptake, particularly in individuals with
lower socioeconomic status. Continued surveillance of these
metrics is also needed (137). Such monitoring is made possible
by respected national and state surveys, such as the NHIS and
BRFSS. However, concern over their reliability has been expressed
because of declining response rates (138). For example, the
unconditional adult response rates for NHIS dropped from
80% in 1997 to approximately 70% in 2005 and further declined
to 55% in 2015 (7). BRFSS median landline response rates have
decreased more gradually from 62% in 1997 to 51% in 2005 to
49% in2014 (138). Somenonresponse biasmaybe accounted for
withweighting techniques, like those used in the current analyses,
although innovative strategies and continued investment in these
surveillance systems is necessary tomaintain their integrity. NHIS
is currently undergoing a redesign (scheduled for the 2018 sur-
vey), to reduce questionnaire length andburden onparticipants, a
strategy shown to improve response rates (138). BRFSS under-
went a major redesign in 2011 to include cell phones in their
sampling frame to improve its representativeness and address
lowering response rates (139). Additional techniques, such as
reminding participants with text messages have been tested in
BRFSS (140), and other tactics such as financial incentives and
multi-mode surveys may also be considered as they have been
shown to improve response in other surveys (138). An additional
limitation of these surveys is the reliance on self-reported health
behaviors which are subject to recall and social desirability bias,
although the accuracy of somemeasures, including screening, are
quite good according to validation studies (141–143). Continued
commitment to validation is also needed, especially as survey
items are added. In addition to the abovementioned issues
influencing the findings of the current review, the measures we
reported for fruit and vegetable consumption among youth and
adults are related, but not matching.

In this review, a comprehensive overview of patterns of the
prevalence ofmajor risk factors, cancer screening, and vaccination
for both adults and youth (where applicable) in the United States
were provided. Despite improvements in some areas of cancer
prevention and early detection, systematic efforts to further reduce
the suffering and death from cancer should be implemented or
expanded. In addition, continued investment in surveillance
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systems to monitor cancer prevention and early detection
metrics is needed.

Disclosure of Potential Conflicts of Interest
No potential conflicts of interest were disclosed.

Grant Support
This work was supported by the American Cancer Society's Intramural

Research Department.

Received March 10, 2017; revised April 21, 2017; accepted May 11, 2017;
published OnlineFirst May 17, 2017.

References
1. US Department of Health and Human Services. Smoking and Health

Report of the Advisory Committee to the Surgeon General of the Public
Health Service. Washington, DC: Public Health Service; 1964.

2. Doll R, Peto R. The causes of cancer. New York, NY: Oxford Press; 1981.
3. World Cancer Research Fund and American Institute for Cancer Research.

Continuous Update Project World Cancer Research Fund and American
Institute for Cancer Research. Available from: http://www.wcrf.org/int/
research-we-fund/continuous-update-project-cup.

4. Siegel RL, Miller KD, Jemal A. Cancer Statistics, 2017. CA Cancer J Clin
2017;67:7–30.

5. Jacobs EJ, Newton CC, Carter BD, Feskanich D, Freedman ND, Prentice
RL, et al. What proportion of cancer deaths in the contemporary United
States is attributable to cigarette smoking? Ann Epidemiol 2015;25:
179–82.

6. Fedewa SA, Sauer AG, Siegel RL, Jemal A. Prevalence of major risk factors
and use of screening tests for cancer in the United States. Cancer Epide-
miol Biomarkers Prev 2015;24:637–52.

7. National Center for Health Statistics. National Health Interview Survey.
Public-use data file and documentation; 2015. Available from: http://
www.cdc.gov/nchs/nhis/quest_data_related_1997_forward.htm.

8. Centers for Disease Control and Prevention. Behavioral Risk Factor
Surveillance System Survey Data; 2014. Available from: http://www.
cdc.gov/brfss/data_documentation/index.htm.

9. Centers for Disease Control and Prevention. Behavioral Risk Factor
Surveillance System Survey Data; 2015. Available from: http://www.
cdc.gov/brfss/data_documentation/index.htm.

10. National Center for Health Statistics. National Health and Nutrition
Examination Survey, 2013–2014. Public-use data file and documen-
tation. Available from: http://wwwn.cdc.gov/nchs/nhanes/search/
nhanes13_14.aspx.

11. Klein R, Proctor SE, Boudreault MA, Turczyn KM. Health People 2010
Criteria for Data Supression. Hyattsville, MD: Department of Health and
Human Services, Centers for Disease Control and Prevention, National
Center for Health Statistics; 2002. Available from: https://www.cdc.gov/
nchs/data/statnt/statnt24.pdf.

12. Hu SS, Neff L, Agaku IT, Cox S, Day HR, Holder-Hayes E, et al. Tobacco
product use among adults - United States, 2013–2014. MMWR Morb
Mortal Wkly Rep 2016;65:685–91.

13. Singh T, Arrazola RA, Corey CG, Husten CG, Neff LJ, Homa DM, et al.
Tobacco use among middle and high school students - United States,
2011–2015. MMWR Morb Mortal Wkly Rep 2016;65:361–7.

14. Kann L, McManus T, Harris WA, Shanklin SL, Flint KH, Hawkins J, et al.
Youth Risk Behavior Surveillance - United States, 2015. MMWR Surveill
Summ 2016;65:1–174.

15. Reagan-Steiner S, Yankey D, Jeyarajah J, Elam-Evans LD, Curtis CR,
MacNeil J, et al. National, regional, state, and selected local area vacci-
nation coverage among adolescents aged 13–17 years - United States,
2015. MMWR Morb Mortal Wkly Rep 2016;65:850–8.

16. USDepartment ofHealth andHuman Services. TheHealthConsequences
of Smoking-50 Years of Progress. A Report from the Surgeon General.
Atlanta, GA: Department of Health and Human Services. Centers for
Disease Control and Prevention, National Center for Chronic Disease
Prevention and Health Promotion; 2014. Available from: https://www.
surgeongeneral.gov/library/reports/50-years-of-progress/.

17. Secretan B, Straif K, Baan R, Grosse Y, El Ghissassi F, Bouvard V, et al. A
review of human carcinogens–Part E: tobacco, areca nut, alcohol, coal
smoke, and salted fish. Lancet Oncol 200910:1033–4.

18. National Center for Health Statistics. Health, United States, 2015: With
Special Feature on Racial and Ethnic Disparities. Hyattsville, MD: Nation-
al Center for Health Statistics; 2016.

19. Jamal A, King BA, Neff LJ, Whitmill J, Babb SD, Graffunder CM. Current
cigarette smoking among adults - United States, 2005–2015. MMWR
Morb Mortal Wkly Rep 2016;65:1205–11.

20. Dwyer-Lindgren L, Mokdad AH, Srebotnjak T, Flaxman AD, Hansen GM,
Murray CJ. Cigarette smoking prevalence in US counties: 1996–2012.
Popul Health Metr 2014;12:5.

21. Baker F, Ainsworth SR, Dye JT, Crammer C, Thun MJ, Hoffmann D, et al.
Health risks associated with cigar smoking. JAMA 2000;284:735–40.

22. Shanks TG, Burns DM. Disease consequences of cigar smoking. National
Cancer Institute, Smoking and Tobacco Control, Monograph 9: Cigars-
Health Effects and Trends. Washington, DC: NIH; 1998.

23. Shapiro JA, Jacobs EJ, Thun MJ. Cigar smoking in men and risk of death
from tobacco-related cancers. J Natl Cancer Inst 2000;92:333–7.

24. Campaign for Tobacco Free Kids. The rise of cigars and cigar-smoking
harms; 2016. Available from: https://www.tobaccofreekids.org/research/
factsheets/pdf/0333.pdf.

25. Wang TW, Kenemer B, Tynan MA, Singh T, King B. Consumption of
combustible and smokeless tobacco - United States, 2000–2015. MMWR
Morb Mortal Wkly Rep 2016;65:1357–63.

26. Cobb C, Ward KD, Maziak W, Shihadeh AL, Eissenberg T. Waterpipe
tobacco smoking: an emerging health crisis in the United States. Am J
Health Behav 2010;34:275–85.

27. Akl EA, Gaddam S, Gunukula SK, Honeine R, Jaoude PA, Irani J. The
effects of waterpipe tobacco smoking on health outcomes: a systematic
review. Int J Epidemiol 2010;39:834–57.

28. Raad D, Gaddam S, Schunemann HJ, Irani J, Abou Jaoude P, Honeine R,
et al. Effects of water-pipe smoking on lung function: a systematic review
and meta-analysis. Chest 2011;139:764–74.

29. El-Zaatari ZM, Chami HA, Zaatari GS. Health effects associated with
waterpipe smoking. Tob Control 2015;24 Suppl 1:i31–i43.

30. Majeed BA, Sterling KL, Weaver SR, Pechacek TF, Eriksen MP. Prevalence
and harm perceptions of hookah smoking among U.S. adults, 2014–
2015. Addict Behav 2017;69:78–86.

31. Siddiqi K, Shah S, Abbas SM, Vidyasagaran A, Jawad M, Dogar O, et al.
Global burden of disease due to smokeless tobacco consumption in
adults: analysis of data from 113 countries. BMC Med 2015;13:194.

32. Boffetta P, Hecht S, Gray N, Gupta P, Straif K. Smokeless tobacco and
cancer. Lancet Oncol 2008;9:667–75.

33. Malas M, van der Tempel J, Schwartz R, Minichiello A, Lightfoot C,
Noormohamed A, et al. Electronic cigarettes for smoking cessation: a
systematic review. Nicotine Tob Res 2016;18:1926–36.

34. Hartmann-Boyce J, McRobbie H, Bullen C, Begh R, Stead LF, Hajek P.
Electronic cigarettes for smoking cessation. Cochrane Database Syst Rev
2016;9:CD010216.

35. Hajek P, Etter JF, Benowitz N, Eissenberg T, McRobbie H. Electronic
cigarettes: review of use, content, safety, effects on smokers and potential
for harm and benefit. Addiction 2014;109:1801–10.

36. GoniewiczML, Knysak J, GawronM, Kosmider L, Sobczak A, Kurek J, et al.
Levels of selected carcinogens and toxicants in vapour from electronic
cigarettes. Tob Control 2014;23:133–9.

37. King BA, Patel R, Nguyen KH, Dube SR. Trends in awareness and use of
electronic cigarettes among US adults, 2010–2013. Nicotine Tob Res
2015;17:219–27.

38. Schoenborn CA, Gindi RM. Electronic cigarette use among adults: United
States, 2014. NCHS Data Brief 2015;1–8. Available from: https://www.
cdc.gov/nchs/products/databriefs/db217.htm

39. Centers for Disease Control and Prevention. Youth Tobacco Surveillance
United States, 1998–1999. MMWR Surveill Summ 2000;49:1–104.

40. Monitoring the Future Survey, Institute for Social Research, University of
Michigan. Table 7 CIGARETTES: Trends in 30-Day Prevalence of Use by

Updated Review: Cancer Risk Factors and Screening Tests, US

www.aacrjournals.org Cancer Epidemiol Biomarkers Prev; 26(8) August 2017 1205

D
ow

nloaded from
 http://aacrjournals.org/cebp/article-pdf/26/8/1192/2283630/1192.pdf by guest on 26 August 2022

http://www.wcrf.org/int/research-we-fund/continuous-update-project-cup
http://www.wcrf.org/int/research-we-fund/continuous-update-project-cup
http://www.cdc.gov/nchs/nhis/quest_data_related_1997_forward.htm
http://www.cdc.gov/nchs/nhis/quest_data_related_1997_forward.htm
http://www.cdc.gov/brfss/data_documentation/index.htm
http://www.cdc.gov/brfss/data_documentation/index.htm
http://www.cdc.gov/brfss/data_documentation/index.htm
http://www.cdc.gov/brfss/data_documentation/index.htm
http://wwwn.cdc.gov/nchs/nhanes/search/nhanes13_14.aspx
http://wwwn.cdc.gov/nchs/nhanes/search/nhanes13_14.aspx
https://www.cdc.gov/nchs/data/statnt/statnt24.pdf
https://www.cdc.gov/nchs/data/statnt/statnt24.pdf
https://www.surgeongeneral.gov/library/reports/50-years-of-progress/
https://www.surgeongeneral.gov/library/reports/50-years-of-progress/
https://www.tobaccofreekids.org/research/factsheets/pdf/0333.pdf
https://www.tobaccofreekids.org/research/factsheets/pdf/0333.pdf
https://www.cdc.gov/nchs/products/databriefs/db217.htm
https://www.cdc.gov/nchs/products/databriefs/db217.htm


Subgroups in Grade 12. Available from: http://monitoringthefuture.org/
data/16data/16cigtbl7.pdf.

41. Centers for Disease Control and Prevention. Tobacco product use among
middle and high school students-United States, 2011 and 2012. MMWR
Morb Mortal Wkly Rep 2013;62:893–7.

42. Arrazola RA, Singh T, Corey CG, Husten CG, Neff LJ, Apelberg BJ, et al.
Tobacco use among middle and high school students - United States,
2011–2014. MMWR Morb Mortal Wkly Rep 2015;64:381–5.

43. Miech R, Patrick ME, O'Malley PM, Johnston LD. What are kids vaping?
Results from a national survey of US adolescents. Tob Control. 2016 Aug
25. [Epub ahead of print].

44. Singh T, Kennedy S, Marynak K, Persoskie A, Melstrom P, King BA.
Characteristics of electronic cigarette use among middle and high school
students - United States, 2015. MMWR Morb Mortal Wkly Rep 2016;65:
1425–9.

45. Doll R, Peto R, Boreham J, Sutherland I. Mortality in relation to smoking:
50 years' observation on male British doctors. BMJ 2004;328:1519–27.

46. Babb S, Malarcher A, Schauer G, Asman K, Jamal A. Quitting smoking
among adults -United States, 2000–2015.MMWRMorbMortalWkly Rep
2017;65:1457–64.

47. Kohler LN, Garcia DO, Harris RB, Oren E, Roe DJ, Jacobs ET. Adherence
to diet and physical activity cancer prevention guidelines and cancer
outcomes: a systematic review. Cancer Epidemiol Biomarkers Prev 2016;
25:1018–28.

48. Lauby-Secretan B, Scoccianti C, Loomis D, Grosse Y, Bianchini F, Straif K.
Body fatness and cancer–Viewpoint of the IARCWorking Group. N Engl J
Med 2016;375:794–8.

49. Fryar CD, Carroll MD, Ogden CL. Prevalence of overweight, obesity,
and extreme obesity among adults: United States, 1960–1962 through
2011–2012; 2014. Hyattsville, MD: National Center for Health
Statistics. Available from: http://www.cdc.gov/nchs/data/hestat/
obesity_adult_11_12/obesity_adult_11_12.pdf.

50. Flegal KM, Kruszon-MoranD, CarrollMD, Fryar CD,OgdenCL. Trends in
obesity among adults in the United States, 2005 to 2014. JAMA 2016;
315:2284–91.

51. National Center for Health Statistics. Health, United States, 2013: with a
special feature on prescription drugs. Hyattsville, MD; 2014.

52. OgdenCL, CarrollMD, LawmanHG, Fryar CD, Kruszon-MoranD, Kit BK,
et al. Trends in obesity prevalence among children and adolescents in
the United States, 1988–1994 Through 2013–2014. JAMA 2016;315:
2292–9.

53. Kramer MR, Raskind IG, Van Dyke ME, Matthews SA, Cook-Smith JN.
Geography of adolescent obesity in the U.S., 2007–2011. Am J Prev Med
2016;51:898–909.

54. Moore SC, Lee IM,Weiderpass E,Campbell PT, Sampson JN,KitaharaCM,
et al. Association of leisure-time physical activity with risk of 26 types of
cancer in 1.44 million adults. JAMA Intern Med 2016;176:816–25.

55. Centers for Disease Control and Prevention. QuickStats: percentage of
adults aged �65 years meeting 2008 federal guidelines for leisure-time
aerobic and muscle-strengthening activities, by age and type of activity -
United States, 2000–2002 and 2013–2015. MMWR Morb Mortal Wkly
Rep 2016;65:1019.

56. Kushi LH,DoyleC,McCulloughM,Gansler T,CourneyaK, et al. American
Cancer Society Guidelines on Nutrition and Physical Activity for cancer
prevention: reducing the risk of cancer with healthy food choices and
physical activity. CA Cancer J Clin 2012;62:30–67.

57. Marriott BP, Olsho L, Hadden L, Connor P. Intake of added sugars and
selected nutrients in the United States, National Health and Nutrition
Examination Survey (NHANES) 2003–2006. Crit Rev Food Sci Nutr
2010;50:228–58.

58. World Cancer Research Fund and American Institute for Cancer Research.
Diet and Cancer Report. Washington, DC: Research Fund and American
Institute for Cancer Research; 2007.

59. Jung S, Spiegelman D, Baglietto L, Bernstein L, Boggs DA, van den Brandt
PA, et al. Fruit and vegetable intake and risk of breast cancer by hormone
receptor status. J Natl Cancer Inst 2013;105:219–36.

60. Sinha R, Cross AJ, Graubard BI, Leitzmann MF, Schatzkin A. Meat intake
and mortality: a prospective study of over half a million people. Arch
Intern Med 2009;169:562–71.

61. Daniel CR, Cross AJ, Koebnick C, Sinha R. Trends inmeat consumption in
the USA. Public Health Nutr 2011;14:575–83.

62. RehmCD, Penalvo JL, Afshin A, Mozaffarian D. Dietary intake among US
adults, 1999–2012. JAMA 2016;315:2542–53.

63. Reedy J, Krebs-Smith SM, Miller PE, Liese AD, Kahle LL, Park Y, et al.
Higher diet quality is associated with decreased risk of all-cause, cardio-
vascular disease, and cancer mortality among older adults. J Nutr 2014;
144:881–9.

64. US Department of Health and Human Services and US Department of
Agriculture. Dietary Guidelines for Americans 2015–2020; 2015. Avail-
able from: https://health.gov/dietaryguidelines/2015/guidelines/.

65. World Cancer Research Fund and American Institute for Cancer Research.
Food, Nutrition, Physical Activity and the Prevention of Cancer: A Global
Perspective. Washington, DC: American Institute for Cancer Research;
2007.

66. International Agency for Research on Cancer. IARC Monographs on the
Evaluation of Carcinogenic Risks to Humans. Volume 83: Alcohol Drink-
ing. Lyon, France: IARC Press; 1988.

67. Office of Disease Prevention and Health Promotion, Healthy People
2020. Objective SA-15 Reduce the proportion of adults who drank
excessively in the previous 30 days. Available from: https://www.healthy
people.gov/2020/data-search/Search-the-Data#objid¼5207.

68. Karimkhani C, Boyers LN, Dellavalle RP, Weinstock MA. It's time for
"keratinocyte carcinoma" to replace the term "nonmelanoma skin can-
cer". J Am Acad Dermatol 2015;72:186–7.

69. Rogers HW, Weinstock MA, Harris AR, Hinckley MR, Feldman SR,
Fleischer AB, et al. Incidence estimate of nonmelanoma skin cancer in
the United States, 2006. Arch Dermatol 2010;146:283–7.

70. GuyGP Jr, ThomasCC, ThompsonT,WatsonM,Massetti GM,Richardson
LC. Vital signs:melanoma incidence andmortality trends and projections
- United States, 1982–2030. MMWR Morb Mortal Wkly Rep 2015;
64:591–6.

71. International Agency for Research on Cancer. The association of use of
sunbeds with cutaneous malignant melanoma and other skin cancers: a
systematic review. Int J Cancer 2007;120:1116–22.

72. Boniol M, Autier P, Boyle P, Gandini S. Cutaneous melanoma attrib-
utable to sunbed use: systematic review and meta-analysis. BMJ
2012345:e4757.

73. Lazovich D, Vogel RI, Berwick M, Weinstock MA, Anderson KE,
Warshaw EM. Indoor tanning and risk of melanoma: a case-control
study in a highly exposed population. Cancer Epidemiol Biomarkers
Prev 2010;19:1557–68.

74. GuyGP Jr, Berkowitz Z,HolmanDM,Hartman AM. Recent changes in the
prevalence of and factors associated with frequency of indoor tanning
among US adults. JAMA Dermatol 2015;151:1256–9.

75. Guy GP Jr, Berkowitz Z, Everett Jones S, Holman DM, Garnett E, Watson
M. Trends in indoor tanning amongUShigh school students, 2009–2013.
JAMA Dermatol 2015;151:448–50.

76. Guy GP Jr, Berkowitz Z, Jones SE, Olsen EO, Miyamoto JN, Michael SL,
et al. State indoor tanning laws and adolescent indoor tanning. Am J
Public Health 2014;104:e69–74.

77. Plummer M, de Martel C, Vignat J, Ferlay J, Bray F, Franceschi S. Global
burden of cancers attributable to infections in 2012: a synthetic analysis.
Lancet Global Health 2016;4:e609–16.

78. Satterwhite CL, Torrone E, Meites E, Dunne EF, Mahajan R, Ocfemia
MC, et al. Sexually transmitted infections among US women and men:
prevalence and incidence estimates, 2008. Sex Transm Dis 2013;40:
187–93.

79. Saraiya M, Unger ER, Thompson TD, Lynch CF, Hernandez BY, Lyu CW,
et al. US assessment of HPV types in cancers: implications for current and
9-valent HPV vaccines. J Natl Cancer Inst 2015;107:djv086.

80. Jemal A, Simard EP, Dorell C, Noone AM, Markowitz LE, Kohler B, et al.
Annual Report to the Nation on the Status of Cancer, 1975–2009,
featuring the burden and trends in human papillomavirus(HPV)-associ-
ated cancers and HPV vaccination coverage levels. J Natl Cancer Inst
2013;105:175–201.

81. Serrano B, de Sanjose S, Tous S, Quiros B, Munoz N, Bosch X, et al.
Human papillomavirus genotype attribution for HPVs 6, 11, 16, 18, 31,
33, 45, 52 and 58 in female anogenital lesions. Eur J Cancer 2015;51:
1732–41.

82. American Academy of Pediatrics. ACIP updates recommendations on
HPV,HepB,MenB vaccines. Available from: http://www.aappublications.
org/news/2016/10/20/ACIP102016.

Goding Sauer et al.

Cancer Epidemiol Biomarkers Prev; 26(8) August 2017 Cancer Epidemiology, Biomarkers & Prevention1206

D
ow

nloaded from
 http://aacrjournals.org/cebp/article-pdf/26/8/1192/2283630/1192.pdf by guest on 26 August 2022

http://monitoringthefuture.org/data/16data/16cigtbl7.pdf
http://monitoringthefuture.org/data/16data/16cigtbl7.pdf
http://www.cdc.gov/nchs/data/hestat/obesity_adult_11_12/obesity_adult_11_12.pdf
http://www.cdc.gov/nchs/data/hestat/obesity_adult_11_12/obesity_adult_11_12.pdf
https://health.gov/dietaryguidelines/2015/guidelines/
https://www.healthypeople.gov/2020/data-search/Search-the-Data#objid=5207
https://www.healthypeople.gov/2020/data-search/Search-the-Data#objid=5207
https://www.healthypeople.gov/2020/data-search/Search-the-Data#objid=5207
http://www.aappublications.org/news/2016/10/20/ACIP102016
http://www.aappublications.org/news/2016/10/20/ACIP102016


83. Saslow D, Andrews KS, Manassaram-Baptiste D, Loomer L, Lam KE,
Fisher-Borne M, et al. Human papillomavirus vaccination guideline
update: American Cancer Society guideline endorsement. CA Cancer J
Clin 2016;66:375–85.

84. Smith RA, Andrews KS, Brooks D, Fedewa SA, Manassaram-Baptiste D,
Saslow D, et al. Cancer screening in the United States, 2017: a review of
current American Cancer Society Guidelines and current issues in cancer
screening. CA Cancer J Clin 2017;67:100–21.

85. Williams WW, Lu PJ, O'Halloran A, Kim DK, Grohskopf LA, Pilishvili T,
et al. Surveillance of vaccination coverage among adult populations -
United States, 2014. MMWR Surveill Summ 2016;65:1–36.

86. Wroblewski LE, Peek RM Jr, Wilson KT. Helicobacter pylori and gastric
cancer: factors that modulate disease risk. Clin Microbiol Rev 2010;23:
713–39.

87. Plummer M, Franceschi S, Vignat J, Forman D, de Martel C. Global
burden of gastric cancer attributable to pylori. Int J Cancer 2015;136:
487–90.

88. BrownLM.Helicobacter pylori: epidemiology and routes of transmission.
Epidemiol Rev 2000;22:283–97.

89. Grad YH, Lipsitch M, Aiello AE. Secular trends in Helicobacter pylori
seroprevalence in adults in the United States: evidence for sustained race/
ethnic disparities. Am J Epidemiol 2012;175:54–9.

90. Siao D, Somsouk M. Helicobacter pylori: evidence-based review with a
focus on immigrant populations. J Gen Intern Med 2014;29:520–8.

91. International Agency for Research on Cancer. IARC Monographs on the
Evaluation of Carcinogenic Risks to Humans: Biological Agents. Lyon,
France: International Agency for Cancer Research; 2012.

92. Engels EA, Cho ER, Jee SH. Hepatitis B virus infection and risk of non-
Hodgkin lymphoma in South Korea: a cohort study. Lancet Oncol
2010;11:827–34.

93. Roberts H, Kruszon-Moran D, Ly KN, Hughes E, Iqbal K, Jiles RB, et al.
Prevalence of chronic hepatitis B virus (HBV) infection in U.S. house-
holds: National Health and Nutrition Examination Survey (NHANES),
1988–2012. Hepatology 2016;63:388–97.

94. Kowdley KV, Wang CC, Welch S, Roberts H, Brosgart CL. Prevalence of
chronic hepatitis B among foreign-bornpersons living in theUnited States
by country of origin. Hepatology 2012;56:422–33.

95. Coppola N, Alessio L, PisaturoM,Macera M, Sagnelli C, Zampino R, et al.
Hepatitis B virus infection in immigrant populations. World J Hepatol
2015;7:2955–61.

96. Vijayadeva V, Spradling PR, Moorman AC, Rupp LB, Lu M, Gordon SC,
et al. Hepatitis B virus infection testing and prevalence among Asian and
Pacific Islanders. Am J Manag Care 2014;20:e98–e104.

97. Wasley A, Kruszon-Moran D, Kuhnert W, Simard EP, Finelli L, McQuillan
G, et al. The prevalence of hepatitis B virus infection in theUnited States in
the era of vaccination. J Infect Dis 2010;202:192–201.

98. Ioannou GN. Hepatitis B virus in the United States: infection, exposure,
and immunity rates in a nationally representative survey. Ann InternMed
2011;154:319–28.

99. de Sanjose S, Benavente Y, Vajdic CM, Engels EA, Morton LM, Bracci PM,
et al. Hepatitis C and non-Hodgkin lymphoma among 4784 cases and
6269 controls from the International Lymphoma Epidemiology Consor-
tium. Clin Gastroenterol Hepatol 2008;6:451–8.

100. Edlin BR, Eckhardt BJ, Shu MA, Holmberg SD, Swan T. Toward a more
accurate estimate of the prevalence of hepatitis C in the United States.
Hepatology 2015;62:1353–63.

101. Smith BD, Patel N, Beckett G, Ward JW. Hepatitis C virus antibody
prevalence, correlates and predictors among persons born from 1945
through 1965, United States, 1999–2008 [abstract]; 2011. San Francisco,
CA: American Association for the Study of Liver Diseases. Available from:
https://liverlearning.aasld.org/aasld/2011/thelivermeeting/12758/.

102. Ly KN, Xing J, Klevens RM, Jiles RB, Ward JW, Holmberg SD. The
increasing burden of mortality from viral hepatitis in the United States
between 1999 and 2007. Ann Intern Med 2012;156:271–8.

103. Armstrong GL, Wasley A, Simard EP, McQuillan GM, Kuhnert WL, Alter
MJ. The prevalence of hepatitis C virus infection in theUnited States, 1999
through 2002. Ann Intern Med 2006;144:705–14.

104. Denniston MM, Jiles RB, Drobeniuc J, Klevens RM, Ward JW, McQuillan
GM, et al. Chronic hepatitis C virus infection in the United States,
National Health and Nutrition Examination Survey 2003 to 2010. Ann
Intern Med 2014;160:293–300.

105. Chak E, Talal AH, Sherman KE, Schiff ER, Saab S. Hepatitis C virus
infection in USA: an estimate of true prevalence. Liver Int 2011;31:
1090–101.

106. Moyer VA, US Preventive Services Task Force. Screening for hep-
atitis C virus infection in adults: U.S. Preventive Services
Task Force recommendation statement. Ann Intern Med 2013;159:
349–57.

107. Jemal A, Fedewa SA. Recent hepatitis C virus testing patterns among
baby boomers. Am J Prev Med 2017;e1–e3. [Epub ahead of print]. DOI:
10.1016/j.amepre.2017.01.033.

108. Engels EA, Biggar RJ,HallHI, CrossH,Crutchfield A, Finch JL, et al. Cancer
risk in people infected with human immunodeficiency virus in the
United States. Int J Cancer 2008;123:187–94.

109. Simard EP, Pfeiffer RM, Engels EA. Spectrum of cancer risk late
after AIDS onset in the United States. Arch Intern Med 2010;170:
1337–45.

110. Shiels MS, Cole SR, Kirk GD, Poole C. A meta-analysis of the incidence of
non-AIDS cancers in HIV-infected individuals. J Acquir Immune Defic
Syndr 2009;52:611–22.

111. Silverberg MJ, Chao C, Leyden WA, Xu L, Tang B, Horberg MA, et al. HIV
infection and the risk of cancers with and without a known infectious
cause. AIDS 2009;23:2337–45.

112. GrulichAE, van LeeuwenMT, FalsterMO, Vajdic CM. Incidence of cancers
in people with HIV/AIDS compared with immunosuppressed transplant
recipients: a meta-analysis. Lancet 2007;370:59–67.

113. Engels EA. Non-AIDS-defining malignancies in HIV-infected persons:
etiologic puzzles, epidemiologic perils, prevention opportunities. AIDS
2009;23:875–85.

114. Centers for Disease Control and Prevention. HIV Surveillance Report,
2015. Atlanta, GA: Center for Disease Control and Prevention; 2016.
Available from: http://www.cdc.gov/hiv/library/reports/hiv-surveillance.
html.

115. Centers for Disease Control and Prevention. Monitoring Selected
National HIV Prevention and Care Objectives by Using HIV Surveil-
lance Data-United States and 6 Dependent Areas-2013. Atlanta, GA:
Centers for Disease Control and Prevention; 2015. Available from:
https://www.cdc.gov/hiv/pdf/library/reports/surveillance/cdc-hiv-sur
veillancereport_vol20_no2.pdf.

116. Hall HI, An Q, Tang T, Song R, Chen M, Green T, et al. Prevalence of
diagnosed and undiagnosed HIV infection–United States, 2008–2012.
MMWR Morb Mortal Wkly Rep 2015;64:657–62.

117. Rosenberg ES, Grey JA, Sanchez TH, Sullivan PS. Rates of prevalent
HIV infection, prevalent diagnoses, and new diagnoses among
men who have sex with men in US States, metropolitan statistical
areas, and Counties, 2012–2013. JMIR Public Health Surveill
2016;2:e22.

118. Centers for Disease Control and Prevention. HIV and AIDS in the United
States by geographic distribution. Available from: http://www.cdc.gov/
hiv/statistics/overview/geographicdistribution.html.

119. Breen N, Gentleman JF, Schiller JS. Update on mammography trends:
comparisons of rates in 2000, 2005, and 2008. Cancer 2011;117:
2209–18.

120. White A, Thompson TD, White MC, Sabatino SA, de Moor J, Doria-Rose
PV, et al. Cancer screening test use - United States, 2015. MMWR Morb
Mortal Wkly Rep 2017;66:201–6.

121. Schiffman MH, Castle PE, Jeronimo J, Rodriguez AC, Wacholder S.
Human Papilloma Virus and cervical cancer. Lancet 2007;370:
890–907.

122. Edwards BK, Ward E, Kohler BA, Eheman C, Zuber AG, Anderson RN,
et al. Annual report to the Nation on the Status of Cancer, 1975–2006,
featuring colorectal trends and impact of interventions (Risk Factors,
Screening, and Treatment) to reduce future rates. Cancer 2009;116:
544–73.

123. Klabunde CN, Cronin KA, Breen N, Waldron WR, Ambs AH, Nadel
MR. Trends in colorectal cancer test use among vulnerable populations
in the United States. Cancer Epidemiol Biomarkers Prev 2011;20:
1611–21.

124. Smith RA, Andrews K, Brooks D, DeSantis CE, Fedewa SA, Lortet-Tieulent
J, et al. Cancer screening in the United States, 2016: A review of current
American Cancer Society guidelines and current issues in cancer screen-
ing. CA Cancer J Clin 2016;66:95–114.

Updated Review: Cancer Risk Factors and Screening Tests, US

www.aacrjournals.org Cancer Epidemiol Biomarkers Prev; 26(8) August 2017 1207

D
ow

nloaded from
 http://aacrjournals.org/cebp/article-pdf/26/8/1192/2283630/1192.pdf by guest on 26 August 2022

https://liverlearning.aasld.org/aasld/2011/thelivermeeting/12758/
http://www.cdc.gov/hiv/library/reports/hiv-surveillance.html.
http://www.cdc.gov/hiv/library/reports/hiv-surveillance.html.
https://www.cdc.gov/hiv/pdf/library/reports/surveillance/cdc-hiv-surveillancereport_vol20_no2.pdf
https://www.cdc.gov/hiv/pdf/library/reports/surveillance/cdc-hiv-surveillancereport_vol20_no2.pdf
http://www.cdc.gov/hiv/statistics/overview/geographicdistribution.html
http://www.cdc.gov/hiv/statistics/overview/geographicdistribution.html


125. Wender R, Fontham ET, Barrera E Jr, Colditz GA, Church TR, Ettinger DS,
et al. American Cancer Society lung cancer screening guidelines. CA
Cancer J Clin 2013;63:107–17.

126. Moyer VA, US Preventive Services Task Force. Screening for lung cancer:
U.S. Preventive Services Task Force recommendation statement. Ann
Intern Med 2014;160:330–8.

127. Jemal A, Fedewa SA. Lung cancer screening with low-dose computed
tomography in the United States-2010 to 2015. JAMAOncol 2017 Feb 2.
[Epub ahead of print].

128. Etzioni R, Gulati R, Tsodikov A, Wever EM, Penson DF, Heijnsdijk EA,
et al. The prostate cancer conundrum revisited: treatment changes and
prostate cancer mortality declines. Cancer 2012;118:5955–63.

129. Schr€oder FH,Hugosson J, RoobolMJ, Tammela TL,Ciatto S,NelenV, et al.
Screening and prostate-cancermortality in a randomized European study.
N Engl J Med 2009;360:1320–8.

130. Andriole GL, Crawford ED, Grubb RL III, Buys SS, Chia D, Church TR,
et al. Mortality results from a randomized prostate-cancer screening trial.
N Engl J Med 2009;360:1310–9.

131. Wolf A, Wender RC, Etzioni RB, Thompson IM, D'Amico A, Volk RJ, et al.
American Cancer Society Guideline for the early detection of prostate
cancer: update 2010. CA Cancer J Clin 2010;60:70–98.

132. Draisma G, Etzioni R, Tsodikov A, Mariotto A, Wever E, Gulati R, et al.
Lead time and overdiagnosis in prostate-specific antigen screening:
importance of methods and context. J Natl Cancer Inst 2009;101:
374–83.

133. Wilt TJ, MacDonald R, Rutks I, Shamliyan TA, Taylor BC, Kane RL.
Systematic review: comparative effectiveness and harms of treat-
ments for clinically localized prostate cancer. Ann Intern Med 2008;
148:435–48.

134. U.S. Preventive Services Task Force. Draft Recommendation Statement
Prostate Cancer Screening. Available from: https://www.uspreventiveser

vicestaskforce.org/Page/Document/RecommendationStatementDraft/
prostate-cancer-screening1.

135. Jemal A, Fedewa SA, Ma J, Siegel R, Lin CC, Brawley O, et al. Prostate
cancer incidence and PSA testing patterns in relation to USPSTF screening
recommendations. JAMA 2015;314:2054–61.

136. Han PK, Kobrin S, Breen N, Joseph DA, Li J, Frosch DL, et al. National
evidence on the use of shared decisionmaking in prostate-specific antigen
screening. Ann Fam Med 2013;11:306–14.

137. Emmons KM, Colditz GA. Realizing the potential of cancer prevention -
the role of implementation science. N Engl J Med 2017;376:
986–90.

138. Czajka JL, Beyler A. Background paper - declining response rates in
federal surveys: trends and implications. Mathematica Policy Re-
search; 2016;1:1–86. Available at: https://www.mathematica-mpr.
com/our-publications-and-findings/publications/declining-response-
rates-in-federal-surveys-trends-and-implications-background-paper.

139. Center for Disease Control and Prevention. Methodologic changes in the
Behavioral Risk Factor Surveillance System in 2011 and potential effects
on prevalence estimates. MMWR Morb Mortal Wkly Rep 2012;61:
410–3.

140. DuBray P.Useof textmessaging to increase response rates. Burlington, VT:
ICF International; 2013.

141. de Leeuw ED. Data Quality in Mail, Telephone, and Face to Face
Surveys. 1992. Available from: https://eric.ed.gov/?id=ED374136. ISBN:
ISBN-90-801073-1-X.

142. Rauscher GH, Johnson TP, Cho YI, Walk JA. Accuracy of self-reported
cancer-screening histories: ameta-analysis. Cancer Epidemiol Biomarkers
Prev 2008;17:748–57.

143. Burgess DJ, Powell AA, Griffin JM, PartinMR. Race and the validity of self-
reported cancer screening behaviors: development of a conceptualmodel.
Prev Med 2009;48:99–107.

Cancer Epidemiol Biomarkers Prev; 26(8) August 2017 Cancer Epidemiology, Biomarkers & Prevention1208

Goding Sauer et al.

D
ow

nloaded from
 http://aacrjournals.org/cebp/article-pdf/26/8/1192/2283630/1192.pdf by guest on 26 August 2022

https://www.uspreventiveservicestaskforce.org/Page/Document/RecommendationStatementDraft/prostate-cancer-screening1
https://www.uspreventiveservicestaskforce.org/Page/Document/RecommendationStatementDraft/prostate-cancer-screening1
https://www.uspreventiveservicestaskforce.org/Page/Document/RecommendationStatementDraft/prostate-cancer-screening1
https://www.mathematica-mpr.com/our-publications-and-findings/publications/declining-response-rates-in-federal-surveys-trends-and-implications-background-paper
https://www.mathematica-mpr.com/our-publications-and-findings/publications/declining-response-rates-in-federal-surveys-trends-and-implications-background-paper
https://www.mathematica-mpr.com/our-publications-and-findings/publications/declining-response-rates-in-federal-surveys-trends-and-implications-background-paper
https://eric.ed.gov/?id=ED374136 ISBN: ISBN-90-801073-1-X
https://eric.ed.gov/?id=ED374136 ISBN: ISBN-90-801073-1-X

