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Abstract

Objective—This experiment tested the effects of an individualized risk-based online 

mammography decision intervention. The intervention employs exemplification theory and the 

Elaboration Likelihood Model of persuasion to improve the match between breast cancer risk and 

mammography intentions.

Methods—2,918 women ages 35-49 were stratified into two levels of 10-year breast cancer risk 

(< 1.5%; ≥ 1.5%) then randomly assigned to one of eight conditions: two comparison conditions 

and six risk-based intervention conditions that varied according to a 2 (amount of content: brief vs. 

extended) × 3 (format: expository vs. untailored exemplar [example case] vs. tailored exemplar) 

design. Outcomes included mammography intentions and accuracy of perceived breast cancer risk.

Results—Risk-based intervention conditions improved the match between objective risk 

estimates and perceived risk, especially for high-numeracy women with a 10-year breast cancer 
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risk <1.5%. For women with a risk < 1.5%, exemplars improved accuracy of perceived risk and all 

risk-based interventions increased intentions to wait until age 50 to screen.

Conclusion—A risk-based mammography intervention improved accuracy of perceived risk and 

the match between objective risk estimates and mammography intentions.

Practice Implications—Interventions could be applied in online or clinical settings to help 

women understand risk and make mammography decisions.

Keywords

risk communication; communication intervention; decision aid; mammography; perceived risk; 
numeracy

1. Introduction

The U.S. Preventive Services Task Force (USPSTF) [1] recommends that women between 

the ages of 40 and 49 make a decision about mammography based on their evaluation of its 

risks and benefits. In 2015, the American Cancer Society (ACS) recommended that women 

begin routine mammography at age 45 [2]. Some medical organizations recommend that 

women start at age 40 [3,4]. This means that women below the age of 50 have an important 

health decision to make. However, many women are not equipped to make informed 

decisions because they have little knowledge of screening guidelines, the predictive validity 

of mammograms, or their personal risk for breast cancer (BC) [5-7]. In prior research, 

44.1% of female participants overestimated the risk of having BC, and 68.1% overestimated 

the risk of dying from BC [6].

Poor understanding of objective estimates of BC risk contributes to a poor match between 

objective risk and screening. Though a positive link between perceived risk and 

mammography screening has been reported [7-10], the relationship between objective risk 

estimates and screening has been less well documented. In fact, research has shown that risk 

factors used to estimate objective risk do not predict screening behavior [11] and that 

perceived and objective risk are independent predictors of screening behavior [9], suggesting 

that the correlation between objective risk and screening is imperfect. Since perceived risk 

does predict mammography, increasing the match between perceived risk and objective 

estimates of risk should improve the match between estimated objective risk and 

mammography.

Communication interventions have shown some success in changing perceived risk and 

mammography behavior. In a study of the effects of a mammography decision tool on 

women in their 40s and 50s, Rimer et al. [12,13] demonstrated the effectiveness of a tailored 

booklet and a tailored booklet plus telephone counseling in changing perceived BC risk 

compared to a usual care condition. The counseling group also showed an increase in 

mammography at short-term and long-term follow-up. Additionally, a decision aid for young 

women [14] increased both the likelihood of making a decision about whether or not to 

screen and the likelihood of deciding to delay mammography. In both of these situations, 

becoming more informed about the risks and benefits of mammography helped women 

make screening decisions that were appropriate for their level of risk (based on age), though 
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the authors of these studies did not comment explicitly on the match between estimates of 

objective risk and behavior. Based on prior literature, we predicted that, compared to 

comparison conditions, women receiving interventions with individualized risk information 

would experience improved accuracy of perceived risk, women with an estimated 10-year 

BC risk < 1.5% who received the intervention would report increased intentions to begin 

mammography at age 50, and women with an estimated 10-year BC risk ≥ 1.5% who 

received the intervention would report increased intentions to start or continue 

mammography in their 40s.i

Rimer et al. [12,13] and Mathieu et al. [14] did not report any moderators of effects, such as 

numeracy, which has been shown to predict ability to interpret representations of BC risk 

[17]. Prior research suggests that less numerate individuals are more influenced by the 

format in which risk information is presented and more influenced by nonnumerical 

information than more numerate individuals [18]. Therefore, we expected that numeracy 

would moderate the effects of providing risk information on perceived risk and 

mammography intentions; more numerate women who saw the numeric risk-based 

intervention should have more accurate perceived risk and a better match between estimates 

of objective risk and behavior than less numerate women.

Another aspect missing in prior studies is the experimental manipulation of communication 

elements shown to have an impact on perceived risk and behavior, specifically exemplars 

(example cases) and tailoring. Exemplification theory predicts that exemplars can be used to 

shape an individual's perceptions of a particular issue [19]. Zillmann found that exemplars 

presented as part of a message are often more memorable than numeric risk information 

presented in the message itself and have a stronger effect on perceived risk than numeric risk 

[19]. Because individuals with low numeracy tend to be more influenced by nonnumeric 

information [18], using exemplars to model risk-based decision-making may also improve 

the match between risk and intentions, even when numerical risk information is not well 

understood. Specifically, we predicted that exemplars (example women presented in the 

intervention making a decision to screen or delay mammography) would have a stronger 

effect on perceived risk and intentions than aggregate statistical information presented 

without exemplars.

We also proposed that tailoring the intervention would increase its effectiveness. Tailoring is 

“any combination of strategies and information intended to reach one specific person, based 

on characteristics that are unique to that person, related to the outcome of interest, and 

derived from an individual assessment” [20, p. 674]. The Elaboration Likelihood Model of 

persuasion [21] predicts that ability and motivation influence the amount of thinking about a 

message. According to Briñol and Petty, “attitudes based on high amounts of thinking are 

postulated to be stronger than attitudes based on little thought.” [22, p. S83] One way to 

increase motivation is by increasing relevance [22] through tailoring.[23] Rimer et al. 

[12,13] tested the effects of a tailored mammography decision tool compared to usual care, 

iSee Section 2.2 for a description of how participants were divided into two strata of risk. The risk threshold of 1.5% used in this 
research was chosen to reflect the 90th percentile of 10-year risk for 50-year-old women, calculated using the Gail model [15] and 
data from NHANES III [16].
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but, to our knowledge, no mammography decision interventions have compared materials 

that are tailored on participant characteristics to versions that are untailored on these 

characteristics. We predicted that tailoring exemplars to match participant characteristics, 

including objective BC risk estimates, age, race, family history of BC, and parity, would 

enhance the impact on perceived risk and screening behavior.

2. Method

2.1 Setting and sampling

This research protocol was approved by the Institutional Review Board at [removed]. 

Participants were contacted by Survey Sampling International (http://

www.surveysampling.com/) via email in September 2013 and provided a link to the online 

experiment. Participants completed an online consent form and responded to screening 

items: age, BC history, and genetic mutation related to BC. Participants were eligible for 

inclusion if they were female and between the ages of 35 and 49 with no history of BC or 

BRCA1 or BRCA2 mutation.

2.2 Study design

Eligible participants completed measures (see section 2.4) that included items to estimate 

objective BC risk. Risk was estimated using the National Cancer Institute Breast Cancer 

Risk Assessment Tool (NCI BCRAT) [24], which is based on the Gail model [15]. 

Participants were stratified into two groups: participants with an estimated 10-year BC risk 

<1.5% and participants with an estimated 10-year BC risk ≥1.5%. After stratification, 

participants were randomly assigned to one of eight conditions within their level of BC risk 

(yielding 16 conditions; see Table 1 and section 2.3). Following the experimental 

manipulation, participants completed additional measures (see section 2.4).

2.3 Conditions

2.3.1 Comparison conditions—The first comparison condition provided no 

information; participants moved directly from the first set of measures to the next. The 

second, a “basic information comparison” condition, included the definition of 

mammography, a statement that women between the ages of 40 and 50 years old have a 

choice to make about when to begin mammography, screening options, and a table 

summarizing recommendations from the ACS and the USPSTF.

2.3.2 Intervention conditions: Brief vs. extended—In addition to the information 

presented in the “basic information” comparison condition, participants in the three “brief 

intervention” conditions received individualized 10-year and lifetime estimates of their 

objective risk for developing BC and the risk of an average-risk age-matched woman, all 

presented as both numeric frequencies and icon arrays. In the remaining three “extended 

intervention” conditions, participants saw all of the brief intervention information in addition 

to how their risk compared to a typical 50-year-old woman, statistics about outcomes of 

mammography (e.g., rates of false positives and mammogram-detected cancers), and 

information about effects of mammography on reducing BC mortality.
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2.3.3 Intervention conditions: Expository vs. untailored exemplar vs. tailored 
exemplar—Participants in the six risk-based intervention conditions also received 

arguments for having mammograms in one's 40s or waiting until age 50. Arguments varied 

between risk levels and were presented in either expository or exemplar formats. In the 

expository conditions, arguments were didactic, with general statements about women 

making choices and no example case. In the untailored exemplar conditions, arguments were 

presented using exemplars—example women making decisions about mammography—and 

all participants in these conditions read the same text. In the tailored conditions, exemplars’ 

ages, BC risks, family history of BC, and parity were similar to the participant and exemplar 

names were chosen to reflect common names for women of the participant's race and age 

(see Appendix for examples).

2.4 Measures

Participants first responded to measures of mammography history (“Have you ever had a 

mammogram?”), education (“What is the highest level of education you have completed?”), 

insurance status (“What kind of health insurance do you have?” Options included private 

health insurance, Medicaid or medical assistance, Medicare, other, and no health insurance 

and this was recoded into a dichotomous insurance/no insurance response), and additional 

factors needed to estimate objective BC risk (age, age at menarche, parity, family history of 

BC, biopsy history, and race/ethnicity). Items used to estimate objective BC risk were 

adapted from the National Cancer Institute Breast Cancer Risk Assessment Tool [24]. 

Participants also estimated their 10-year and lifetime BC risk.

Following the experimental manipulation, participants completed items measuring perceived 

risk of BC, mammography intentions, and numeracy [25] (numeracy scale was 11 items; 

Cronbach's alpha = .79).

2.4.1 Accuracy of perceived risk of BC—Perceived risk of BC was measured two 

ways: by asking participants, “What is your chance of developing breast cancer in the next 

10 years?” as a percentage (0% = no chance of breast cancer and 100% = I definitely will 
get breast cancer) and as a frequency out of 1000 (“X out of 1000”).ii Similar measures have 

been used previously to measure perceived BC risk [26, 27]. A measure of accuracy of 

perceived risk of BC was created by subtracting each woman's estimated objective risk for 

BC, estimated using the NCI BCRAT [24], from her perceived risk measurement.iii

2.4.2 Mammography intentions—Mammography intentions were measured by asking, 

“Which statement best describes how you feel?” Options included “I will start or continue to 

have mammograms in my 40s,” “I will have my first or next mammogram at age 50,” “I will 

never have a mammogram,” and “I am undecided.” The intention measure was recoded into 

a dichotomous measure. For women with an estimated 10-year BC risk <1.5%, the measure 

was coded “1” for women who intended to have their first or next mammogram at age 50 

iiThough perceived risk can be characterized as a combination of perceived susceptibility and severity, in the present research, it is 
limited to susceptibility so that it can be compared the participant's objective estimate of risk.
iiiBecause estimated objective risk is subtracted from perceived risk, the measure represents the extent to which a participant 
overestimates risk. Thus, zero indicates perfect accuracy, positive numbers indicate overestimation, and negative numbers indicate 
underestimation.
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and “0” for other intentions. For women with an estimated 10-year BC risk ≥1.5%, it was 

coded “1” for women who intended to start or continue to have mammograms in their 40s 

and “0” for other intentions.

2.5 Analysis

Because arguments presented to participants above and below the 1.5% 10-year risk 

threshold varied, data from the two risk strata were analyzed separately. For the analysis of 

accuracy of risk, risk-based intervention conditions were compared to the two comparison 

conditions using Ordinary Least Squares (OLS) regression. For the analysis of 

mammography intentions, risk-based intervention conditions were compared to the 

comparison conditions using logistic regression. We performed an overall F test for each 

OLS regression and an overall chi-square test for logistic regressions. To guard against Type 

I error, individual conditions were only interpreted as being significantly different from the 

comparison condition if the overall test was significant (p < .10). Finally, post-hoc tests were 

used following each regression to compare brief to extended conditions, expository to 

exemplar conditions, and untailored exemplar to tailored exemplar conditions. To test for 

moderation by numeracy level, we repeated the analyses above, including a continuous 

measure of numeracy and an interaction between numeracy and condition in each of the 

regressions.

3. Results

3.1 Participants

Of 4,549 participants who consented to participate, we excluded those who were not women 

between 35 and 49 years old (n = 130) and those with a prior history of BC or a genetic 

mutation in BRCA1 or BRCA2 (n = 314). Fifty-nine were inadvertently terminated due to a 

programming error and 91 dropped out during the pre-test. The remaining 3,955 were 

stratified by estimated objective risk level (10-year BC risk <1.5% vs. 10-year BC risk 

≥1.5% as determined using the NCI BCRAT [24]) and then randomized to condition. We 

excluded participants who left the survey or whose completion time was either >90 minutes 

or less than half of the mean time for participants who completed their condition. Exclusion 

did not vary by condition.

The final analytic sample included 2,918 participants (see Table 2). For most of the 

participant characteristics measured, distribution across conditions was relatively equal. 

However, for women with an estimated 10-year risk ≥1.5%, drop-out rates, percentage 

reporting insurance coverage, and percentage reporting prior mammograms differed 

significantly across conditions. Because insurance status and mammogram history were 

associated with both likelihood of dropping out of the study and intention, they were 

included as covariates in analyses of intention for women with an estimated risk ≥1.5%.

3.2 Accuracy of Perceived Risk

Results of the effects of the intervention on accuracy of perceived risk are presented in Table 

3 and described in sections 3.2.1 and 3.2.2. In the presentations of results in Table 3, changes 
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in accuracy are represented as changes in overestimation, which allows for preservation of 

directionality of the change in perceived risk.

3.2.1 Effects of condition on accuracy of perceived risk for women with a risk 
<l.5%—For women with an estimated 10-year BC risk <1.5%, when perceived risk was 

measured as a percentage, five of the six risk-based intervention conditions led to significant 

improvements in accuracy of perceived risk (represented as decreases in overestimation). 

Exemplar conditions led to greater improvements than expository conditions, F(1, 1215) = 

4.12, p = .043. There were no significant differences between the brief and extended 

conditions or between untailored and tailored exemplar conditions.

When perceived risk was measured as a frequency, only the condition in which participants 

saw the extended intervention with untailored exemplars resulted in increased accuracy. 

There were no significant differences between expository conditions and exemplar 

conditions. When compared to the brief intervention conditions, extended intervention 

conditions led to significantly greater accuracy, F(1, 1212) = 8.35, p = .004. When 

conditions with tailored exemplars were compared to those with untailored exemplars, 

untailored exemplars resulted in larger increases in accuracy of perceived risk measured as a 

frequency, F(1, 1212) = 13.45, p < .001. The brief intervention with tailored exemplars led to 

a significant decrease in accuracy.

3.2.2 Effects of condition on accuracy of perceived risk for women with a risk 
≥1.5%—For participants with an estimated 10-year BC risk ≥ 1.5%, when perceived BC 

risk was measured as a percentage, all risk-based intervention conditions led to a significant 

increase in accuracy of perceived risk (versus comparison condition). There were no 

significant differences between brief and extended conditions, between expository and 

exemplar conditions, or between untailored and tailored conditions. When perceived BC risk 

was measured as a frequency, there were no differences in accuracy among conditions.

3.2.3 Moderation of effects on accuracy of perceived risk—The effects of 

conditions on accuracy of perceived risk when risk was measured as a percentage varied 

significantly by participant numeracy score for women with an estimated risk <1.5%, F(7, 

1164) = 2.67, p = .01; women with high numeracy experienced greater increases in accuracy 

of perceived risk than women with low numeracy. This moderation effect is shown in Figure 

1. A similar pattern is shown in Figure 2 for women with an estimated risk <1.5% when risk 

was asked as a frequency, and the overall moderation effect by numeracy was significant, F 
(7, 1162) = 2.24, p = .03. There were no significant moderation effects of numeracy for 

accuracy of perceived risk for women with an estimated risk ≥1.5%.

3.3 Mammography Intentions

Results of the effects of the intervention on mammography intentions are presented in Table 

3 and described in sections 3.3.1 through 3.3.3.

3.3.1 Effects of condition on mammography intentions for women with a risk 
<1.5%—For women with an estimated 10-year BC risk of <1.5%, all of the risk-based 

intervention conditions resulted in a significant or marginally significant increase in the 
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percentage of women planning to wait until age 50 to have a mammogram, but there were no 

significant differences by type of condition.

3.3.2 Effects of condition on mammography intentions for women with a risk 
≥1.5%—For women with an estimated 10-year BC risk ≥1.5%, only the brief intervention 

with untailored exemplars condition significantly increased the percentage of women who 

planned to have a mammogram at age 40. Untailored exemplar conditions led to a greater 

increase in intentions to have a mammogram at age 40 than tailored exemplar conditions, Χ2 

(1, n = 814) = 6.02, p = .01. There were no significant differences between brief and 

extended conditions or expository and exemplar conditions.

3.3.3 Moderation of effects on mammography intentions—There were no 

significant moderation effects of numeracy for mammography intentions.

4. Discussion and Conclusion

4.1 Discussion

In summary, the risk-based interventions had some, but not all, of the predicted effects on 

accuracy of perceived risk and mammography intentions. First, the accuracy of perceived 

risk consistently improved only when risk was measured as a percentage, conditions with 

exemplars only improved accuracy for women with an estimated 10-year BC risk <1.5%, 

and tailoring did not result in improved accuracy of perceived risk. For women with an 

estimated 10-year risk <1.5%, the risk-based interventions increased their intentions to wait 

until age 50 to begin screening, but only the brief intervention with untailored exemplars 

condition increased intentions to begin screening at age 40 for women with an estimated 10-

year risk ≥1.5%. Importantly, no intervention condition significantly decreased intentions to 

begin having mammograms at age 40 for women with an estimated 10-year risk ≥1.5%. The 

presence of exemplars did not alter mammography intentions, nor did the presence of 

tailored exemplars. Finally, there was a moderating effect of numeracy on the relationship 

between condition and accuracy of perceived risk for women with an estimated 10-year risk 

<1.5%, but the effect of the risk-based interventions on intentions was not moderated by 

numeracy.

The observed effects of presenting individualized objective risk information on perceived 

BC risk add to a small body of literature showing improvements in the accuracy of perceived 

risk following personalized risk communication [28]. It is also consistent with research on 

mammography decision interventions that included accuracy of perceived risk as an 

outcome [12,13]. Though the effect of exemplars on improved accuracy of perceived risk 

was only present for women with an estimated 10-year risk <1.5%, this may have been due 

to the smaller difference between perceived and objective risk estimates for women with an 

estimated risk ≥1.5%. Also, the lack of effects of tailoring could be due to a true absence of 

effects or a weak manipulation, since tailored conditions were quite similar to untailored 

conditions. This could be addressed in future research.

Additionally, the finding that effects of the risk-based intervention on accuracy of perceived 

risk varied with participant numeracy deserves further attention. This finding is consistent 
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with research demonstrating that more numerate patients with BC were better able to use 

personalized survival estimates [29]. More numerate persons are also better able to 

communicate perceived risk using percentage and frequency formats [27]. Because more 

numerate women tend to benefit more from interventions that present objective risk 

information in numerical formats, these types of interventions may unintentionally increase 

disparities. We also report that our findings regarding the efficacy of the risk-based 

intervention in improving accuracy of perceived risk varied depending on how perceived risk 

was measured. This finding highlights the importance not only of the format used to 

communicate risk but the format used to assess perceived risk. The cognitive phenomenon of 

denominator neglect may have contributed to this finding. A decrease of 1 point using a 

percentage format conveys a greater drop in risk magnitude than a decrease of 1 in the 

numerator when using an X/1000 format. Although the use of icon arrays (such as those 

used in the intervention) can reduce denominator neglect [30], this bias may have 

contributed to our findings.

The effects of the intervention on mammography intentions were somewhat as predicted. 

Improving accuracy of perceived risk has been associated with an increase in screening 

uptake for cancers for which people underestimate their risk [28]. However, many women 

overestimate their risk for BC [6]. Because the goal of our research was to improve the 

accuracy of perceived risk and improve the match between objective risk estimates and 

behavioral intentions, we recognized that intentions to screen at age 40 could (and did) 

decrease for women with an estimated 10-year risk <1.5%. The mammography decision aid 

used by Mathieu et al. [14] also reduced women's intentions to screen. Finally, as with the 

effects on perceived risk, a lack of expected effects of exemplars or tailoring on 

mammography intentions may have been due to an absence of effects or limited exposure.

Though this research demonstrates intended effects on intentions and perceived risk, our 

research has limitations. First, even when significant differences were present, there were no 

substantial differences between expository, untailored exemplar, and tailored exemplar 

conditions. However, those elements represented only a small part of the extended 

intervention and were preceded by large amounts of information. Also, this was not a pure 

test of the effects of tailoring in a decision intervention; all participants in risk-based 

intervention conditions received individualized risk information. Additionally, because 

participants were stratified by objective risk estimates, this research may not generalize to 

interventions in which participants of all risk levels receive the same message. Finally, we 

used the NCI BCRAT [24] to estimate objective BC risk. Though widely used, this model 

does not take into account all BC risk factors (e.g., breastfeeding), and participants may have 

determined their perceived risk based on additional risk factors.

4.2 Conclusion

In contrast to comparison conditions, among women with an estimated 10-year BC risk 

<1.5%, all of the risk-based intervention conditions improved accuracy of perceived BC risk 

and increased intentions to wait until age 50 to begin mammography, and the inclusion of 

exemplars improved accuracy of perceived risk. Thus, interventions can be designed to 

improve the accuracy of perceived BC risk and the match between objective estimates of BC 
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risk and mammography behavior. Finally, effects may vary with numeracy; the effects of the 

risk-based intervention on increasing accuracy of perceived risk were greater for women 

with high numeracy than for women with low numeracy.

4.3 Practice Implications

For women at a lower risk of developing BC, providing personalized risk information can 

significantly improve the accuracy of perceived risk. Further, providing different decision 

interventions for women at different risk levels can improve the match between objective 

estimates of BC risk and screening intentions. The interventions used in this research could 

be applied in online or clinical settings to help women between the ages of 40 and 49 years 

understand their objective BC risk estimates and make informed mammography decisions.
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Appendix

Sample Expository Text, Untailored Exemplars, and Tailored Exemplars

The following is an example of how the text appended to a decision aid varied based on 

expository, untailored exemplar, or tailored exemplar condition. Information in brackets is 

tailored to the participant. These examples are from conditions for women with a low risk 

for developing BC (10-year BC risk < 1.5%).

Expository Text for Low-Risk Women

Every woman faces a decision about when to start screening for breast cancer. Other women like you have had to make 
the same decision that you are now facing. Their experiences may help you make your choice. Remember, for women 
with your risk factors, [Risk out of 1000] out of 1000 women will develop breast cancer in the next 10 years.

Women who used the same mammography decision aid that you just completed filled out our surveys as well. No 
matter what they decided, the women reported that staying healthy is what they care about most. Here is what we 
learned.

The women who completed the decision aid learned their personal risk of developing breast cancer in the next 10 years. 
Some women have a personal breast cancer risk that is higher than average. Other women have a risk that is lower than 
average. Each woman is different, and women with similar risk levels may even choose to begin screening at different 
ages. There isn't necessarily one right answer for all women.

One important risk factor is family history of breast cancer. While an important risk factor, it's not the only one that 
matters. When it comes to deciding when to start having mammograms, women also need to think about their age, race, 
and reproductive history, like how old they were when they had children. This decision aid uses these risk factors to 
estimate each woman's personal risk level.

It is important for women to think about personal breast cancer risk factors and to weigh the pros and cons of screening. 
As you think about when to start getting mammograms, you may decide to begin screening in your 40s or to wait until 
you turn 50. You may also want to talk to your doctor at your next visit about the best screening decision for you.

Here are some of the reasons why women get mammograms in their 40s or why they are waiting until age 50 to start 
screening:
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    • Some said that they get mammograms because mammograms help find breast cancer early, before symptoms like 
lumps are showing. When cancer is found before it grows or spreads, it is easier to treat.

        ○ However, in addition to finding breast cancer, mammograms can sometimes draw attention to suspicious cells 
that would never have spread or become life-threatening. Doctors can't always tell the difference between suspicious 
cells that will and won't spread, which may lead to unnecessary treatment.

    • Some women said that they'll wait until 50 to get mammograms because mammograms are less accurate for 
younger women. Mammograms sometimes produce false-positives, results that look like cancer but are not. False-
positives are more common in younger women and can cause anxiety and lead to unnecessary biopsies, and painful 
surgeries.

    • Some women said that they wait to get mammograms because more lives are saved when mammograms are started 
at an older, rather than younger, age. For younger women, mammograms reduce the number of deaths from breast 
cancer by only a tiny amount.

    • Some women said that they'll wait to get mammograms because mammograms expose women to a small amount of 
radiation. Women who start mammograms later will be exposed to less radiation throughout their lives.

Overall, women who completed the decision aid were glad they had information about their personal risk. Knowing 
your risk level and thinking through your options can help you make your decision.

Talk to your doctor about your breast cancer risk and when you should start screening. For more information about 
breast cancer and screening options, visit www.cancer.gov.

Untailored Exemplars for Low-Risk Women

Every woman faces a decision about when to start screening for breast cancer. Other women like you have had to make 
the same decision that you are now facing. Their experiences may help you make your choice. Remember, for women 
with your risk factors, [Risk out of 1000] out of1000 women will develop breast cancer in the next 10 years.

Women who used the same mammography decision aid you just completed also talked with us about when they will 
start getting screened for breast cancer. No matter what they decided, staying healthy was what they cared about most. 
As Jennifer Johnson, age 43, said, “I just want to be able to keep doing the things I love, like spending time with my 
friends.” Here are a couple of their stories.

Jennifer used the same mammography decision aid you just completed and learned that her personal risk of developing 
breast cancer in the next 10 years is 16 out of 1000. That means that for every 1000 women with her risk factors, 16 will 
get breast cancer in next 10 years.

Michelle Smith, age 42, also shared thoughts about her decision. “I hadn't really thought about all of my risk factors, 
but I knew that I don't have breast cancer in my family.”

One important risk factor is family history of breast cancer. While an important risk factor, it's not the only one that 
matters. When it comes to deciding when to start having mammograms, women also need to think about their age, race, 
and reproductive history, like how old they were when they had children. This decision aid uses these risk factors to 
estimate each woman's personal risk level. When Michelle used the mammography decision aid, she learned that her 
risk of getting breast cancer over the next 10 years is 15 out of 1000. This is lower than the risk of a typical 50-year-old 
woman--and 50 is the age when all guidelines recommend screening.

Jennifer's Choice

Jennifer and Michelle have similar risk levels, but that doesn't mean they will start getting mammograms at the same 
age. Women under 50 have a decision to make when it comes to mammograms, and there isn't necessarily one right 
answer. Jennifer said, “I'm trying to figure out when I should start getting mammograms. I am weighing both sides.”

One of the reasons women say they get mammograms in their 40s is because mammograms can find cancer early, when 
it may be easier to treat. “One of my very best friends had a mammogram that found her cancer early,” Jennifer said. 
“She didn't have a lump or anything, and she felt fine.” Because doctors found her friend's cancer before it grew or 
spread, it was easier to treat. But, in addition to finding breast cancer, mammograms can sometimes draw attention to 
suspicious cells that would never have spread or become life-threatening. Since doctors can't always tell the difference 
between suspicious cells that will and won't spread, her friend's treatment may have been unnecessary.

Some women who wait until they are 50 to start mammograms say that it's because younger women are more likely to 
have screening results that look like cancer but aren't. “When my neighbor had an abnormal mammogram result at age 
44, she had to go back for more tests,” Jennifer said. It turns out that Jennifer's neighbor didn't have cancer. This is 
called a “false-positive” result. According to Jennifer, “She said it was one of the scariest times of her life, and she still 
has a scar from the biopsy.”

When it comes to her own decision, Jennifer is still weighing the pros and cons of starting mammograms this year or 
waiting until she turns 50. She said, “I want all the information I can get, but I'm still planning to talk to my doctor at 
my next visit about what will work best for me.”

Michelle's Choice
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Michelle also weighed the risks and benefits of screening after learning her risk for developing breast cancer.

After learning that mammograms reduce the number of deaths from breast cancer by only a tiny amount for women 
younger than 50, Michelle is planning to wait until she turns 50 to start getting regular mammograms. She said, “I was 
surprised to find out that mammograms for younger women don't really save many lives. If they save lives for women 
over 50 then that's when I'm going to start—if my doctor agrees.”

She's also concerned about being exposed to small amounts of radiation from mammograms unnecessarily. “Getting 
radiation that you don't need can't do any good!” Michelle said. If she waits until 50 to start getting mammograms, she 
will be exposed to less radiation throughout her life than if she had started at a younger age.

Overall, the women we talked to were glad they had information about their personal risk. “Knowing my risk level and 
thinking through all of my options gives me what I need to talk through this decision with my doctor. I know I'll feel a 
lot better about what to do,” Michelle said.

Talk to your doctor about your breast cancer risk and when you should start screening. For more information about 
breast cancer and screening options, visit www.cancer.gov.

Tailored Exemplars for Low-Risk Women

Every woman faces a decision about when to start screening for breast cancer. Other women like you have had to make 
the same decision that you are now facing. Their experiences may help you make your choice. Remember, for women 
with your risk factors, [Risk out of 1000] out of 1000 women will develop breast cancer in the next 10 years.

Women who used the same mammography decision aid you just completed also talked with us about when they will 
start getting screened for breast cancer. No matter what they decided, staying healthy was what they cared about most. 
As [namel], age [narr_agel], said, “I just want to be able to keep doing the things I love, like spending time with my 
[role: friends/kids].” Here are a couple of their stories.

[firstname1] used the same mammography decision aid you just completed and learned that her personal risk of 
developing breast cancer in the next 10 years is [BCRATfreq1] out of 1000. That means that for every 1000 women 
with her risk factors, [BCRATfreq1] will get breast cancer in next 10 years.

[name2], age [narr_age2], also shared thoughts about her decision. “I hadn't really thought about all of my risk factors, 
but I knew that I [history: have/don't have] breast cancer in my family.”

One important risk factor is family history of breast cancer. While an important risk factor, it's not the only one that 
matters. When it comes to deciding when to start having mammograms, women also need to think about their age, race, 
and reproductive history, like how old they were when they had children. This decision aid uses these risk factors to 
estimate each woman's personal risk level.

When [firstname2] used the mammography decision aid, she learned that her risk of getting breast cancer over the next 
10 years is [BCRATfreq2] out of 1000. This is lower than the risk of a typical 50-year-old woman—and 50 is the age 
when all guidelines recommend screening.

[firstname1]'s Choice

[firstnamel] and [firstname2] have similar risk levels, but that doesn't mean they will start getting mammograms at the 
same age. Women under 50 have a decision to make when it comes to mammograms, and there isn't necessarily one 
right answer. [firstnamel] said, “I'm trying to figure out when I should start getting mammograms. I am weighing both 
sides.”

One of the reasons women say they get mammograms in their 40s is because mammograms can find cancer early, when 
it may be easier to treat. “One of my very best friends had a mammogram that found her cancer early,” [firstnamel] said. 
“She didn't have a lump or anything, and she felt fine.” Because doctors found her friend's cancer before it grew or 
spread, it was easier to treat. But, in addition to finding breast cancer, mammograms can sometimes draw attention to 
suspicious cells that would never have spread or become life-threatening. Since doctors can't always tell the difference 
between suspicious cells that will and won't spread, her friend's treatment may have been unnecessary.

Some women who wait until they are 50 to start mammograms say that it's because younger women are more likely to 
have screening results that look like cancer but aren't. “When my neighbor had an abnormal mammogram result at age 
44, she had to go back for more tests,” [firstnamel] said. It turns out that [firstname1]'s neighbor didn't have cancer. This 
is called a “false-positive” result. According to [firstnamel], “She said it was one of the scariest times of her life, and 
she still has a scar from the biopsy.”

When it comes to her own decision, [firstname1] is still weighing the pros and cons of starting mammograms 
[whenscreening1: when she turns 40/this year] or waiting until she turns 50. She said, “I want all the information I can 
get, but I'm still planning to talk to my doctor at my next visit about what will work best for me.”

[firstname2]'s Choice

[firstname2] also weighed the risks and benefits of screening after learning her risk for developing breast cancer.

After learning that mammograms reduce the number of deaths from breast cancer by only a tiny amount for women 
younger than 50, [firstname2] is planning to wait until she turns 50 to start getting regular mammograms. She said, “I 
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was surprised to find out that mammograms for younger women don't really save many lives. If they save lives for 
women over 50 then that's when I'm going to start—If my doctor agrees.”

She's also concerned about being exposed to small amounts of radiation from mammograms unnecessarily. “Getting 
radiation that you don't need can't do any good!” [firstname2] said. If she waits until 50 to start getting mammograms, 
she will be exposed to less radiation throughout her life than if she had started at a younger age.

Overall, the women we talked to were glad they had information about their personal risk. “Knowing my risk level and 
thinking through all of my options gives me what I need to talk through this decision with my doctor. I know I'll feel a 
lot better about what to do,” [firstname2] said.

Talk to your doctor about your breast cancer risk and when you should start screening. For more information about 
breast cancer and screening options, visit www.cancer.gov.

In the tailored exemplar conditions, exemplar ages, breast cancer risks, family history of 

breast cancer, and parental status were made similar to the participant. Exemplar names were 

chosen to reflect names that are common for women of the participant's race and age, based 

on U.S. Census Bureau and U.S. Social Security Administration data.
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Highlights

• We developed and tested a risk-based mammography decision 

intervention.

• Match between objective estimates of BC risk and mammography 

intentions improved.

• Accuracy of breast cancer risk perceptions increased.

• Effects on risk perceptions were more pronounced for high-numeracy 

women.
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Figure 1. 
Effects of condition on accuracy of perceived risk (overestimation) as a percentage for 

women with an estimated 10-year breast cancer risk <1.5%, by numeracy level. This figure 

illustrates the moderating effect of numeracy level on the accuracy of risk depending on 

condition when perceived risk is measured as a percentage. To create a measure of risk 

accuracy, the participant's 10-year estimated objective risk for BC (or NCI BCRAT score) 

was converted to a percentage and subtracted from the participant's perceived risk reported 

as a percentage. Thus, the numbers presented represent the difference between perceived and 

estimated objective BC risk (e.g., a woman who thinks her risk is 20% when it is actually 

5% would have an accuracy [overestimation] score of 15).

Seitz et al. Page 16

Patient Educ Couns. Author manuscript; available in PMC 2017 October 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 2. 
Effects of condition on accuracy of perceived risk (overestimation) as a frequency for 

women with an estimated 10-year BC risk <1.5%, by numeracy level. This figure illustrates 

the moderating effect of numeracy level on the accuracy of risk depending on condition 

when perceived risk is measured as a frequency out of 1000. To create a measure of risk 

accuracy, the participant's 10-year estimated objective risk for BC as a frequency out of 1000 

was subtracted from the participant's perceived risk reported as a frequency out of 1000, and 

the measure was divided by 10 to put it on the same scale as perceived risk reported as a 

percentage. Thus, the numbers presented represent the difference between perceived and 

estimated objective BC risk divided by 10 (e.g., a woman who thinks her risk is 200 out of 

1000 when it is actually 50 out of 1000 would have an accuracy [overestimation] score of 

15).
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Table 2

Participant Characteristics

Characteristic Mean (SD) or average %

Estimated 10-Year Breast Cancer Risk <1.5% Estimated 10-Year Breast Cancer Risk ≥1.5%

N 1227 1691

Mean age (SD) 38.9 (0.10) 44.0 (0.09)

Estimate of 10-year BC risk
a
, M (SD)

1.08 (0.01) 2.53 (0.04)

Race:

    % White 69.0 81.8

    % African American 11.5 11.0

    % other 19.5 7.2

Education:

    % Less than HS 2.2 1.8

    % HS 20.1 17.9

    % Some college 37.7 36.2

    % College+ 40.0 44.1

% Have insurance 79.9
82.7

b

% Had prior mammogram 40.0
74.1

b

Mean numeracy (SD) 6.44 (2.64) 6.57 (2.73)

Note. Participants are divided into two levels of risk based on estimates of their 10-year risk for developing breast cancer according to the NCI 
Breast Cancer Risk Assessment Tool [24]. SD = Standard Deviation. HS = high school.

a
“10-year BC risk” refers to the average estimated risk for developing breast cancer in the next 10 years for women in each condition.

b
Insurance status and history of prior mammograms varied significantly across conditions for women with an estimated 10-year breast cancer risk 

≥ 1.5% and were also associated with likelihood of dropping out of the survey and with mammography intentions. These variables have been 
controlled for in analyses of mammography intentions for women with an estimated 10-year breast cancer risk ≥ 1.5%.
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