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Abstract
We investigated patterns and correlates of multiple, adult-onset cancer risk factors (MCRFs)
among adolescents. Baseline data from an intervention efficacy trial were analyzed to examine
patterns of co-occurring MCRFs and sociodemographic and theoretical (e.g., prevention self-
efficacy) correlates of MCRFs among adolescents (N = 50) age 13 – 21. The mean total MCRFs
was 4.6 (SD = 1.6; range 0–9). The most common risk factors were intentions to use alcohol (n =
40, 80%), < 5 daily servings of fruits/vegetables (n = 40, 80%), and lifetime alcohol use (n = 38,
76%). MCRFs commonly co-occurred, suggesting a clustered risk profile. Greater age (B = 0.19
95% CI 0.01, 0.38) and lower prevention self-efficacy (B = −0.16, 95% CI −0.02, −0.30) were
significantly (p < 0.05) associated with MCRFs. Multiple health behavior change interventions are
needed to prevent accumulation of risk factors as youth mature. Self-efficacy may be an important
target for prevention interventions.
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Introduction
Cancer is a leading cause of global mortality, accounting for an estimated 7 million deaths
each year worldwide (Parkin et al., 2005; World Health Organization, 2011). Significant
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geographic variability cancer morbidity and mortality exists worldwide, due in part to
variation in exposure to factors influencing cancer risk (Parkin et al., 2005; World Health
Organization, 2011). While many factors contribute to risk for cancer, such as inherited
traits and environmental influences, most forms of cancer have been linked to lifestyle and
behavioral risk factors, including tobacco and alcohol use, poor diet, and physical inactivity
(Ezzati et al., 2002). Indeed, a substantial proportion of cancer deaths among adults are
preventable by modifying these and other behavioral risk factors (Danaei et al., 2005; Ezzati
et al., 2002; Mokdad et al., 2005).

In the U.S. cancer accounts for nearly 23% of all adult deaths annually (Jemal et al., 2005).
Recent estimates suggest that greater than 50% of cancer-related morbidity and mortality in
the U.S. is preventable by modifying behavioral and lifestyle risks, making primary
prevention of cancer a leading national public health priority (U.S. Department of Health
and Human Services, 2000). U.S. Healthy People 2020 objectives focus on primary
prevention of cancer-related morbidity and mortality through modification of lifestyle and
behavioral risks (U.S. Department of Health and Human Services, 2010). Primary
preventive health care is also central to the Patient Protection and Affordable Care Act of
2010, which includes provisions to improve access to preventive services (Koh and
Sebelius, 2010).

Evidence increasingly suggests that behavioral and lifestyle risks for cancer often co-occur
(Prochaska et al., 2008) and this clustering of unhealthy behaviors may initiate and/or
accelerate the disease processes associated with tumor development (Berrigan et al., 2003).
Furthermore, many behavioral risk factors for adult-onset cancer originate early in life
(Institute of Medicine, 2008; Tercyak and Tyc, 2006; Werch, 2007). During childhood
habits including smoking, alcohol use, diet, and physical activity are often formed, and
many persist into adulthood (Institute of Medicine, 2008; Tercyak and Tyc, 2006; Werch,
2007). These data strongly suggest that childhood—and adolescence in particular—
represents an important window of opportunity for primary prevention of adult-onset cancer
by encouraging multiple health-promoting behaviors before unhealthy habits become
established (Tercyak and Tyc, 2006; Werch, 2007).

Our understanding of patterns and correlates of risk factors for adult-onset cancer among
adolescents to inform cancer prevention efforts targeting multiple behavioral risk factors
remains extremely limited (Prochaska et al., 2008). Research has focused largely on co-
occurring risk factors which are immediately relevant to the leading causes of morbidity and
mortality among young people –substance use, sexual risk taking, and personal injury
(Brener and Collins, 1998; Everett et al., 2000; Kulbok and Cox, 2002; Zweig et al., 2002).
Few studies have examined patterns of multiple risk factors for adult-onset cancer during
adolescence, and those doing so have focused on behaviors related to diet and physical
activity (Driskell et al., 2008; Keller et al., 2008; Sanchez et al., 2007) or tobacco and
alcohol use (Duhig et al., 2005; Lai et al., 2000). Our knowledge of psychosocial correlates
of multiple cancer risk factors (MCRFs) among adolescents, which may be important targets
for preventive interventions, remains especially limited (Driskell et al., 2008; Keller et al.,
2008).

This leaves a critical gap in our understanding of the risk for preventable, adult-onset cancer
during adolescence, which is a unique period of development characterized by risk and
exploration (Institute of Medicine, 2008). Improving our knowledge of the patterns and
correlates of MCRFs among adolescents will help identify critical points for interventions
designed to move youth toward healthy behaviors. To address these research gaps, we
examined the patterns and correlates of MCRFs among a sample of adolescents age 13 to
21.
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Methods
Design

We analyzed pre-treatment data from a small-scale randomized controlled trial designed to
evaluate the efficacy of a multiple health behavior change cancer preventive intervention, in
addition to standard medical care. A detailed description of the study has been published
previously (Mays et al., 2011). The setting was an adolescent medicine clinic within a large,
urban tertiary care hospital with a large and diverse population of patients seen for routine
well-visit check-ups. Adolescents presented for clinic well-visits for a variety of reasons
(e.g., annual preventive care, physical examination for school or sports), but typically did so
at their own volition. All study procedures were approved by the host institution’s
Institutional Review Board.

Participant Recruitment
Clinic and research staff members were trained to screen potential participants for eligibility.
Inclusion criteria were: adolescents age 13–21 years who read and spoke English, had access
to a telephone, and were free of illness/disability limiting participation. Adolescents were
informed about the study at the time of their well-visits and, if interested, were provided
additional information and answers to any questions. Those interested in participating were
given an enrollment packet by a research staff member, which included an eligibility
screening form and two copies of adolescent consent form (for those ≥ 18 years of age) or a
parental consent and adolescent assent forms (for those < 18 years of age), consistent with
age-based informed consent requirements in the U.S. (McGuire-Dunn and Chadwick, 2004).
Eligible, consented participants completed a baseline telephone interview within 2 weeks of
enrollment. Commensurate with current practices and recommendations for research among
adolescents within this context (Rice and Broome, 2004), participants were offered a modest
incentive to complete the baseline assessment (i.e., $10 gift card).

Theoretical Framework
This work was guided by Social Cognitive Theory (Bandura, 1997) and the Health Belief
Model (Janz et al., 2002), which specify that behaviors can be influenced by multiple factors
including behavioral intentions, knowledge, skills, self-efficacy, and other determinants.
Due to the age range of participants, intentions to engage in risk (i.e., alcohol use, tobacco
use) and long-term preventive (i.e., cancer screening) behaviors commonly associated with
cancer prevention were assessed in order to capture behaviors that (1) may not be present
during adolescence but may emerge later in life (i.e., alcohol use, tobacco use); and (2) to
assess adolescents’ intentions to engage in preventive behaviors that may not be relevant
during adolescence but may be important for prevention and early detection of cancer later
in life (e.g., screening).

Measures
Multiple Cancer Risk Factors—Similar to prior research (Emmons et al., 1994;
Emmons et al., 2005; Lopez et al., 2007; Tercyak et al., 2006), the total cancer risk factors
were operationalized using a continuous variable reflecting nine risk factor indicators: < 5
fruit and vegetable servings each day, < 3 days per week with vigorous physical activity,
overweight or obese status, lifetime alcohol use, alcohol use intentions, lifetime smoking,
smoking intentions, no or low cancer screening intentions, and family history of cancer
(immediate or extended family member). Each risk factor was operationalized using a
dichotomous variable (1 = risk factor, 0 = no risk factor) and the total cancer risk factors was
computed (range 0 – 9).
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Items assessing behavioral risk factors for fruit and vegetable consumption, physical
activity, smoking, and alcohol behaviors use were measured using psychometrically-sound
assessments of adolescent health risk behaviors (Brener et al., 2004). Overweight/obese
status was defined as BMI ≥ 25, calculated based on self-reported height and weight (Ogden
et al., 2008). Behavioral intentions items were created for the purposes of this study and
informed by prior adolescent behavioral intentions research (Pierce et al., 1996) and theory-
based behavioral intentions measurement research (Ajzen, 1991; Francis et al., 2004).
Smoking intentions were assessed by asking “Do you think you will smoke a cigarette at any
time during the next year?” Responses ranged from “Definitely Not” to “Definitely Yes,”
with “Probably Yes” and “Definitely Yes” coded as at risk for smoking. Alcohol use
intentions were assessed using a similar item.

Cancer screening intentions were also measured using similar items tailored specifically to
males and females. Males were asked how likely they would be to participate in screening
for skin and testicular cancer as adults; females were asked how likely they would be to
participate in screening for breast and cervical cancer as adults. Responses of “Not at All
Likely” and “Somewhat Likely” were coded as having no or low cancer screening
intentions. Family history of cancer was assessed using two items which measured whether
any immediate (i.e., parents, siblings) or extended (e.g., grandparents, aunts, uncles) family
members had ever been diagnosed or treated for cancer. Participants responding ‘yes’ to
either item were coded as having a family history of cancer.

Cancer Knowledge—Cancer knowledge was assessed using 22 true/false items
developed in prior research (Price et al., 1988). A continuous variable was computed by
summing responses, with higher scores reflecting greater cancer knowledge (range 0–22,
Kuder-Richardson 20 = 0.71).

Prevention Self-Efficacy—Cancer prevention self-efficacy was evaluated through seven
4-point Likert scale response items derived from earlier research (Friedman et al., 1994).
Responses were summed into an overall self-efficacy score, with higher values indicating
greater prevention self-efficacy (range 7–28, Cronbach’s α = 0.71).

Perceived Barriers and Benefits—Perceived benefits of adopting cancer-protective
health behaviors were assessed using five items with a 4-point Likert scale response and
adapted to be age- and content-appropriate for adolescents (Yeomans-Kinney et al., 1995).
Items were introduced by the statement: “Here are some possible benefits of leading a
healthier lifestyle now (while you are young). Indicate how strongly you agree or disagree
with each of the following possible benefits.” Examples included: “Prevent cancer and heart
disease in the future” and “Stay healthy now and in the future.” A summary score was
created, with higher scores reflecting greater perceived benefits (range 5–20, Cronbach’s α
= 0.68).

Similarly, five 4-point Likert scale response items adapted from prior research (Friedman et
al., 1994) measured perceived barriers of adopting healthy behaviors and participating in
cancer screening upon reaching adulthood. Examples included “Don’t have enough time”
and “Don’t believe it is important.” Responses were summed into an overall score, with
higher values reflecting more perceived barriers (range 5–20, Cronbach’s α = 0.70). A final
variable reflecting the ratio of perceived cancer prevention benefits to barriers was analyzed
(Janz and Becker, 1984).

Response Bias—Response bias was assessed using 14 true-false items adapted from the
Lie Scale of the Minnesota Multiphasic Personality Inventory-Adolescent (Hays and
McCallum, 2005). “True” responses indicate honest reporting and were summed to create a
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continuous score, with higher values indicating more honest reporting (range 0 – 14, Kuder-
Richardson 20 = 0.61).

Sociodemographics—Sociodemographics included gender, age, and race. Household
income was estimated using zip-code level median household income values for
participants’ home address (Federal Financial Institutions Examination Council, 2010).

Statistical Analysis
Our analytic approach was informed by broader cancer control research literature, which
takes into consideration a combination of genetic, behavioral, and epidemiological
approaches to understanding patterns of cancer risk (McPherson et al., 2000; Weir et al.,
2003). This includes consideration of diverse cancer risk factors (i.e., behavioral/lifestyle
risks, family cancer history, participation in cancer screening) and examining the
interrelationships among these factors (McPherson et al., 2000; Weir et al., 2003). To
determine patterns of co-occurring MCRFs, we cross-tabulated dichotomous risk factor
variables to create a frequency matrix of the number and proportion of participants reporting
each pair of co-occurring risk factors. Bivariate analyses (i.e., Pearson’s r correlations, t
tests) were then used to examine relationships between sociodemographic and psychosocial
factors and total MCRFs. Finally, a linear regression model was created where
sociodemographic and theoretical predictors associated with total MCRFs (p < 0.10) in
bivariate analyses were regressed onto MCRFs.

Results
Study Sample

Table 1 displays characteristics of the sample (n = 50). Participants had scores reflecting
relatively high cancer knowledge, prevention self-efficacy, and perceived benefits, few
perceived barriers, and tended to respond honestly (Table 1). For example, participants
correctly answered an average of 17 of 22 (77%) cancer prevention knowledge questions,
similar to adolescents’ knowledge with respect to cancer prevention in general (Price et al.,
1988) and specific cancers (e.g., skin cancer) (Gerend and Magloire, 2008; Gerhardt et al.,
2000; Lowe et al., 1999; Reynolds et al., 1998). Participants’ average perceived benefits to
cancer prevention nearly doubled perceived barriers, reflecting a strong decisional-balance
in the direction of cancer preventive lifestyles (Prochaska et al., 1994). More than half
(58%) of participants answered ≥70% of response bias questions with “true” responses,
indicating honest reporting.

Patterns of Multiple Cancer Risk Factors
The mean number of MCRFs reported was 4.6 (SD = 1.6) out of nine risk factors assessed,
suggesting the collective adolescent risk burden was nearly 50%. All participants reported ≥
1 cancer risk factor, and 90% reported ≥ 3 risk factors. The most commonly reported risk
factors were intentions to use alcohol (80%), < 5 daily servings of fruits/vegetables (80%),
and lifetime alcohol use (76%; Table 1). Patterns of pairs of co-occurring cancer risk factors
are displayed in Table 2. The most commonly co-occurring risk factor pairs were reporting <
5 daily servings of fruits vegetables by participants who also expressed intentions to use
alcohol (66%), a positive family cancer history (50%), lifetime cigarette smoking status
(38%), and have < 3 days per week with vigorous physical activity (34%). Half (50%) of
participants reported both lifetime alcohol use and a family history of cancer; nearly two-
thirds (66%) reported intentions to use alcohol in the future and a family history of cancer.
Finally, 38% reported both intentions to use alcohol in the future and lifetime cigarette
smoking, while 44% reported both lifetime alcohol use and lifetime cigarette smoking.
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Correlates of Multiple Cancer Risk Factors
At the bivariate level, only age (Pearson’s r = 0.26, p = 0.07) and prevention self-efficacy
(Pearson’s r = −0.29, p = 0.04) were associated with total MCRFs. In the linear regression
model greater age (B = 0.19, 95% CI 0.01, 0.38) and lower prevention self-efficacy (B =
−0.16, 95% CI −0.30, −0.02) were significantly (p < 0.05) associated with total MCRFs,
after accounting for one another in the model. The model explained 16% of the variance in
total MCRFs and suggests that MCRFs tend to accumulate as adolescents grow older, but
MCRFs also decrease as self-efficacy to lead a healthy lifestyle increases.

Discussion
Risk for adult-onset cancer is linked to multiple factors, including behavioral and lifestyle
risks, as well as family cancer history and engaging in recommended cancer screening
(Ezzati et al., 2002; Mokdad et al., 2005). Our findings suggest adolescents report multiple
risk factors for adult onset cancer across these domains, indicating a profile of co-occurring
risk and highlighting important directions for future research. These results underscore the
need for primary prevention strategies for adult onset cancer that target young people and
are designed to concurrently address multiple cancer risk factors in order to maximize
impact.

Ecological intervention frameworks suggest primary cancer prevention efforts should
address multiple risk factors at the social, interpersonal, and individual levels, intervene
across diverse contexts (e.g., community, family), and target critical behavior change
mediators (Black, 2002; Fuemmeler, 2004; Tercyak, 2008). In terms of intervention
contexts, pediatric primary care may be an especially important venue for prevention efforts
targeting MCRFs among young people (Black, 2002; Tercyak and Tyc, 2006). In the U.S., a
majority of adolescents visit a primary care provider annually for routine care (U.S.
Department of Health and Human Services et al., 2009), and annual screening and
counseling for multiple risk factors for cancer is recommended (Elster, 1997). A primary
care-based approach to primary cancer prevention is consistent with U.S. public health
objectives (Koh and Sebelius, 2010), and may also be applicable to international contexts.

Pediatric health care providers can play a vital role in developing and implementing MCRF
preventive interventions offered within pediatric primary care settings (Black, 2002;
Fuemmeler, 2004). Multidisciplinary research seeking to understand the myriad biological,
social, environmental, and psychological processes influencing risk for adult-onset cancer is
critically needed to inform prevention efforts targeting young people, and pediatric health
care providers are well-positioned to advance this domain of prevention science (Tercyak,
2008). Core preventive interventions that are critical to primary preventive health services
include patient education and counseling and individualized motivation-enhancing
interventions to foster healthy lifestyles, among other approaches (Fuemmeler, 2004;
Tercyak, 2008).

Unfortunately, very little evidence exists to inform the implementation of primary cancer
prevention interventions targeting MCRFs in pediatric primary care settings. Our findings
highlight important areas for future research to inform the development of such
interventions. The most commonly-reported behavioral risk factors contributing to cancer
risk included low fruit and vegetable consumption and alcohol-related risk factors.
Moreover, risk factors for inadequate fruit and vegetable consumption, alcohol use
intentions, physical inactivity, and cigarette smoking commonly co-occurred. Prior
investigations among adolescents have largely focused on behaviors related to diet and
physical activity (Driskell et al., 2008; Keller et al., 2008; Sanchez et al., 2007) or tobacco,
alcohol, and other substance use (Duhig et al., 2005; Lai et al., 2000). Consequently,
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researchers have independently called for interventions targeting physical activity and
nutrition for obesity prevention (Driskell et al., 2008; Sanchez et al., 2007) or co-occurring
substance use behaviors (Duhig et al., 2005). Our results highlight the need for a perspective
that considers co-occurrence of risk behaviors across these domains, examines common
underlying determinants, and develops targeted interventions accordingly.

MCRF interventions may be especially warranted among potentially high-risk groups.
Adolescents reporting a family history of cancer were also likely to report MCRFs, such as
poor diet and tobacco and alcohol use risk factors. A family history of cancer is an indicator
of potentially increased personal risk for certain inheritable forms of cancer. Young peoples’
awareness of history of cancer in their family may represent an important opportunity to
intervene and reduce their cancer risk by encouraging healthy, cancer preventive choices
(Perera, 2000). Adolescents with co-occurring tobacco and alcohol use risk behaviors may
also require specialized intervention approaches, as these behaviors have been demonstrated
to cluster among adults (Berrigan et al., 2003) and the stage for such patterns appears to be
set early in life.

The finding that MCRFs increase with age is consistent with prior research (Driskell et al.,
2008; Sanchez et al., 2007) and recent population-level data (Eaton et al., 2010). Given that
behavioral habits tend to originate early in life and subsequently track into adulthood
(Institute of Medicine, 2008), this result highlights the need to develop multiple health
behavior change primary cancer prevention strategies targeting children and younger
adolescents. This will help to establish healthy behavioral habits early in life before
behavioral risk factors for cancer accumulate (Tercyak and Tyc, 2006; Werch, 2007).

With respect to self-efficacy, our investigation represents a unique contribution to this area
of research, as we are not aware of another study that has examined the relationship between
adolescents’ cancer prevention self-efficacy and MCRFs. Cancer prevention self-efficacy
may be an important mediating mechanism of behavior change and a critical target for
multiple health behavior change preventive interventions seeking to move young people in
the direction of healthy behaviors (Driskell et al., 2008). Nevertheless, evidence regarding
the optimal psychosocial targets for multiple health behavior change interventions among
youths remains limited. Research is needed to advance our understanding of theory-driven
approaches to multiple health behavior change among young people, including mixed
methods approaches to understand in greater depth the role of psychosocial factors in
adolescent MCRF interventions.

Limitations
Our findings should be interpreted in light of important study limitations. The small sample
of adolescents reduces generalizability of findings to broader populations and prohibited a
formal statistical analysis of MCRF clusters (i.e., cluster analysis). We included only
adolescents from the U.S. who spoke English and were presenting for well-visit
appointments; future research examining these issues among diverse populations is
warranted. Participants were also adolescents of an age range that likely spanned
developmentally distinct groups, which may have influenced the findings. Finally, we
employed brief, self-report measures of MCRFs, and while the results did not indicate that
participants were prone to response bias, they should be interpreted with this methodological
consideration in mind.

Conclusions
Our results suggest a profile of co-occurring risk factors for adult onset cancer among
adolescents and indicate a need for early multiple health behavior change interventions to
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prevent the accumulation of cancer risk factors as adolescents grow older. Pediatric health
care providers can play a critical role in such efforts by screening young patients for
multiple cancer risk factors and offering individualized interventions to foster healthy
lifestyles and avoid cancer risk (Fuemmeler, 2004; Tercyak, 2008). Our findings specifically
suggest self-efficacy – one’s confidence to engage in a healthy, cancer preventive lifestyle–
is an important intervention target.

This study also highlights several important avenues for future research to improve our
understanding of patterns and correlates of risk factors for adult onset cancer among
adolescents and inform preventive interventions. The study sample consisted of English-
speaking U.S. adolescents, and research among larger, more diverse populations is needed.
Research in contexts outside of the U.S. is needed to inform screening and intervention
strategies for adolescent MCRFs in pediatric health care settings internationally. Finally,
additional research is also needed to examine more closely the role of self-efficacy and other
psychosocial factors in multiple health behavior change cancer preventive interventions for
young people.
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Table 1

Sample characteristics (n = 50)

Sociodemographics m sd n %

 Age 16.6 2.3

 Race/Ethnicity

  White 20 40

  Non-white 30 60

 Gender

  Male 16 32

  Female 34 68

 Annual Household Income ($) $70,337 $45,798

Psychosocial Predictors

 Cancer Knowledge (α = 0.71, range 0 – 22) 17.2 3.1

 Prevention Self-Efficacy (α = 0.71, range 7–28) 21.9 3.2

 Prevention Benefits:Barriers 1.9 0.7

Cancer Risk Factors (range 0–9) 4.6 1.6

 No or Low Cancer Screening Intentions 14 28

 Intentions to Smoke Cigarettes 9 18

 Lifetime Cigarette Smoking 23 46

 Intentions to Use Alcohol 40 80

 Lifetime Alcohol Use 38 76

 < 3 Days Per Week with Vigorous Physical Act. 20 40

 < 5 Daily Servings of Fruit/Vegetables 40 80

 Overweight/Obese Status (BMI ≥ 25) 14 28

 Family History of Cancer 32 64
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