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Abstract
Decades of empirical research have demonstrated psychological and behavioural consequences of
false-positive medical tests. To organise this literature and offer novel predictions, we propose a
model of how false-positive mammography results affect return for subsequent mammography
screening. We propose that false-positive mammography results alter how women think about
themselves (e.g., increasing their perceived likelihood of getting breast cancer) and the screening
test (e.g., believing mammography test results are less accurate). We further hypothesise that
thoughts elicited by the false-positive experience will, in turn, affect future use of screening
mammography. In addition, we discuss methodological considerations for statistical analyses of
these mediational pathways and propose two classes of potential moderators. While our model
focuses on mammography screening, it may be applicable to psychological and behavioural
responses to other screening tests. The model is especially timely as false-positive medical test
results are increasingly common, due to efforts to increase uptake of cancer screening, new
technologies that improve existing tests’ ability to detect disease at the cost of increased false
alarms, and growing numbers of new medical tests.
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Introduction
False-positive screening mammography results are surprisingly common. An abnormal
mammography result is false-positive if follow-up tests do not indicate breast cancer
(Brewer, Salz, & Lillie, 2007). Between 6 and 15% of screening mammograms in the USA
are abnormal, and most of these are false-positives (Mushlin, Kouides, & Shapiro, 1998;
Smith-Bindman et al., 2003; Yankaskas et al., 2004). For this reason, about one-half of US
women can expect to have a false-positive mammogram result if screened regularly over 10
years (Elmore et al., 1998). False-positive mammograms are less common in other
countries, but rates still range from 1 to 9% (Elmore et al., 2003; Yankaskas et al., 2004).
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False-positives are also common for other tests that screen for prostate, lung (Croswell et al.,
2009) and cervical cancer (Nanda et al., 2000).

False-positive screening mammograms incur substantial financial costs associated with
follow-up testing, estimated to be over US$100 million annually in the USA alone (Cyrlak,
1988). Follow-up tests can be as benign as having another mammogram or as invasive as an
excisional biopsy, which is conducted in an operating room. In a recent meta-analysis, we
found that false-positives also have small but reliable effects on women’s breast cancer-
related worry, anxiety, distress and perceptions of breast cancer risk even several years later
(Salz, Richman, & Brewer, 2010). Our other meta-analysis of long-term behavioural effects
found that false-positive screening mammography results motivated future mammography
screening for some women, but deterred future screening for others (Brewer et al., 2007).

The purpose of this article is to present a model of how false-positive screening
mammography results influence return for routine mammography screening. We focus on
mammography, because false-positive results are a common experience, and almost all
studies of psychological and behavioural effects of false-positives come from the
mammography literature. We present an overview of the model and then present empirical
and theoretical support for the main pathways of the model and derive novel predictions. We
also discuss the methodological and statistical considerations when examining the
relationship between false-positive mammography results and future screening behaviour.
Furthermore, we focus on false-positive results on routine screening mammograms, but not
on diagnostic mammograms prompted by breast cancer symptoms. Henceforth, we refer to
routine screening mammograms as mammograms for the sake of simplicity, but this is not
meant to include diagnostic testing.

Overview of theoretical model
We propose that false-positive mammography results should cause women to have greater
breast cancer-related worry, anxiety and increased perceptions of breast cancer risk (Figure
1). These thoughts, in turn, should motivate vigilance about future mammography. We also
propose that women may experience positive consequences after receipt of false-positive
results, such as thinking more about the benefits of regular screening. Increased thought
about the benefits of mammography should make women more likely to adhere to future
screening. At the same time, false-positive mammography results might cause some women
to believe abnormal test results are less accurate. This belief may cause women to distrust
mammography, deterring them from returning for future screening. Thus, the model
suggests the relationship between receipt of false-positive mammography results and return
routine screening is mediated through women’s thoughts about themselves (worry, anxiety
and perceptions of breast cancer risk) and thoughts about the screening test (thinking about
the benefits of regular screening and beliefs about the test’s accuracy). We describe in
greater detail in the next section each of these thoughts and their associations with future
screening behaviour.

Abnormal results on credible medical tests are difficult to ignore, even after people receive
subsequent normal results. Implicit in the model is the assumption that thoughts elicited by
abnormal mammography test results may persist long after the cancer has been ruled out,
having unintended consequences on future screening behaviour. One argument for the
persistence of such thoughts is that people may have considerable difficulty revising their
beliefs once they are formed (Gilbert, Tafarodi, & Malone, 1993; Lord, Ross, & Lepper,
1979). That is, the abnormal mammography test results might cause women to believe they
have an underlying medical problem. Upon learning they do not have cancer, some women
may have difficulty undoing thoughts of worry, anxiety and breast cancer risk elicited by the
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experience (c.f., Randall, Molloy, & Steptoe, 2009; Thoolen, De Ridder, Bensing, Gorter, &
Rutten, 2008).

The model also assumes that psychological responses to false-positive test results are
disease specific. That is, the reaction to false-positive mammography results should be
specific to breast cancer (e.g., worry about breast cancer) but not general (e.g., generalised
anxiety). This specificity assumption is robustly supported in the mammography literature
(Brodersen & Thorsen, 2007; Brodersen, Thorsen, & Cockburn, 2004; Salz et al., 2010).

Influence of false-positive mammography results on subsequent screening
Empirical studies show that false-positive mammography results influence future screening
behaviours. Our recent meta-analysis of studies including over 300,000 women from the
USA, Canada and Europe showed that the false-positive mammography results affected
return for routine mammograms (Brewer et al., 2007). The direction of this finding differed
by geographic region. In the USA (5 studies), women who received false-positive results
were slightly (7%) more likely to return for subsequent screening mammograms compared
to women who had normal mammogram results. In contrast, studies conducted in European
countries (5 studies) generally found no effect of false-positive mammograms on return for
screening, though fixed effects statistical analysis of the data suggested a small reduction in
return for screening with false-positive results. Studies conducted in Canada (2 studies) also
found that women who received false-positive results were less likely to return for
subsequent screening. Studies published after the meta-analysis generally confirm these
findings (Andersen, Vejborg, & von Euler-Chelpin, 2008; Brain et al., 2008; Decker, 2008).
While most of the evidence for this relationship comes from the mammography screening
literature, false-positive test results also affect return for prostate (Ford, Havstad, Demers, &
Cole Johnson, 2005), lung (Ford, Havstad, Flickinger, & Johnson, 2003), and cervical
cancer screening (Lerman, Miller et al., 1991).

Findings from our meta-analyses also offer potential insight into what a plausible theory
might look like. The theory must account for psychological processes that increase
likelihood of return for screening after a false-positive experience, as typically found for
USA studies. The theory would also have to account for psychological processes that have
the opposite effect on return for screening, as typically found for European and Canadian
mammography studies. Although several system-level factors offer potential explanations
for conflicting geographical findings (Brewer et al., 2007), the model presented here is not
intended to explain geographical differences in return for screening, but rather focuses on
psychological reactions to false-positive experiences that motivate or interfere with future
screening.

False-positive mammography results and thoughts about the person
Worry

It is reasonable to expect that receiving an initially abnormal test result would cause people
to worry about disease. We define worry for the purpose of our model as ruminative
thinking about a negative or potentially dangerous event. Researchers also describe worry as
being a combination of ‘unwanted cognitive activity’ and emotion (McCaul & Mullens,
2003). Numerous studies show that false-positive mammography results cause worry about
breast cancer that persists long after the cancer has been ruled out (Aro, Pilvikki Absetz, van
Elderen, van der Ploeg, & van der Kamp, 2000; Brewer et al., 2007; Lerman, Trock, Rimer,
Boyce et al., 1991; Lerman, Trock, Rimer, Jepson et al., 1991; Lipkus, Halabi, Strigo, &
Rimer, 2000; Rimer & Bluman, 1997; Scaf-Klomp, Sanderman, van de Wiel, Otter, & van
den Heuvel, 1997). Studies by Lerman, Trock, Rimer, Boyce et al. (1991) and Lerman,
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Trock, Rimer, Jepson et al. (1991), among the earliest to investigate long-term effects of
false-positive mammograms, found higher levels of worry for women who received false-
positive test results compared to those who received normal test results 3 months after the
screening exam. Aro and colleagues (2000) followed women prospectively and found
moderately elevated worry for women who had false-positive mammography results
compared to those who had normal test results both at 2 and 12 months. A study in the UK,
where routine screening is recommended every 3 years, found that women who received
previous false-positive results continued to experience psychological distress in the month
prior to their next routine screening exam (Brett & Austoker, 2001).

While worry can be aversive, its influence on health behaviour may be positive. Non-
pathological worry should motivate protective health behaviours (Leventhal, Brissette, &
Leventhal, 2003). Worry about breast cancer motivates breast cancer screening in the
general population (Consedine, Magai, Krivoshekova, Ryzewicz, & Neugut, 2004; Hay,
McCaul, & Magnan, 2006), and this is also true for women who received false-positive
mammography results. Lerman, Trock, Rimer, Boyce et al., 1991 showed that higher worry
about breast cancer after a false-positive experience was associated with a greater likelihood
of return for routine screening. The authors speculated that women might seek to resolve
their feelings of worry through heightened vigilance about breast screening. While it is
plausible that worry after false-positive test results could deter future screening (Brett,
Bankhead, Henderson, Watson, & Austoker, 2005; Consedine et al., 2004) or might have a
curvilinear relationship with screening (i.e., some research suggests that moderate levels of
worry motivate screening, whereas extremely high or low levels of worry deter future
screening) (Andersen, Smith, Meischke, Bowen, & Urban, 2003), the research literature
does not offer much support for these predictions.

Anxiety
Although some use the terms worry and anxiety interchangeably, anxiety is often
conceptualised as a distinct phenomenon that is more clearly affective, characterised by
intense and uncontrollable emotional and physiological responses to a perceived threat
(McCaul & Mullens, 2003). While worry and anxiety may be conceptually separable,
association between false-positive mammography results and breast cancer-specific anxiety
are similar to those for worry (Gram, Lund, & Slenker, 1990; Lampic, Thurfjell, Bergh, &
Sjoden, 2001; Lampic, Thurfjell, & Sjoden, 2003; Lerman, Trock, Rimer, Boyce et al.,
1991). For example, Gram and colleagues (1990) found 29% of women who had false-
positive mammography results reported elevated breast cancer-related anxiety 18 months
after screening compared to 13% of women who had normal results. Similar to the
behavioural effects of worry, elevated anxiety about breast cancer should motivate return for
routine mammography screening.

Perceived likelihood
Many women who have received false-positive mammography results report higher
estimates of their chances of getting breast cancer than those whose mammography results
were normal. Aro and colleagues (2000) found 54% of women who received false-positive
mammography results described their likelihood of future disease as ‘high’ or ‘very high’ 1
year after the false-positive result, higher than the percentage of women who received
normal results (43%). Lipkus and colleagues (2000) reported similar findings, such that
women who received false-positive mammography results perceived their lifetime breast
cancer risk as higher than women whose results were normal regardless of the number of
years elapsed since the false-positive result. As most abnormal mammograms do not
indicate increased breast cancer risk (Christiansen et al., 2000), women’s perceptions of
having an increased likelihood for breast cancer after receiving false-positive results are
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often inaccurate. Higher perceived risk should motivate return for mammography (Vernon,
1999). Findings from two large meta-analytic reviews found that greater perceived
likelihood of breast cancer was associated with increased screening in the general
population, although effect sizes were often small (Katapodi, Lee, Facione, & Dodd, 2004;
McCaul, Branstetter, Schroeder, & Glasgow, 1996). The link between perceived likelihood
of disease and protective behaviour is also central to several common models of health
behaviour (Janz & Becker, 1984; Weinstein & Sandman, 1992; Witte, 1992).

False-positive mammography results and thoughts about the screening
test

We also propose that false-positive mammography results will cause women to think
differently about mammography screening. Some women might cope with the worry and
anxiety elicited by false-positive results by thinking more about the benefits of regular
screening. Conversely, some women who receive false-positive results might question the
accuracy of screening, causing them to distrust the test. We propose that these two types of
thoughts have opposite effects on return for subsequent mammography screening.

Thinking about the benefits of screening
While false-positive mammography results cause breast cancer-related distress, evidence
suggests that false-positives also increase rumination on screening’s benefits (Brodersen &
Thorsen, 2008; Lipkus et al., 2000; Pisano, Earp, & Gallant, 1998; Salz et al., 2010).
Commonly anticipated benefits to getting mammograms include that they offer the
possibility of early detection, save lives and provide ‘peace of mind’. Thinking about the
benefits of screening may serve as a coping response for people who previously experienced
false-positive results (Lazarus, 1984). Evidence supporting this argument comes from a
recent national survey in the USA in which almost all people (98%) who had false-positive
cancer screening test results remained enthusiastic about the benefits of screening even
though many also reported that the experience was ‘very scary’ or the ‘scariest time of my
life’ (Schwartz, Woloshin, Fowler, & Welch, 2004). Clinicians report a similar phenomenon
for abnormal prostate cancer tests (Ransohoff, McNaughton Collins, & Fowler, 2002).

The increased consideration of the potential benefits of screening should make these specific
beliefs more accessible in memory and thus more able to affect subsequent behaviour
(Morwitz & Fitzsimons, 2004; Strack & Mussweiler, 1997). Studies show that women who
endorse more benefits of mammography are likely to be screened more regularly (Champion
et al., 2003; Greene, Torio, & Klassen, 2005; Mayne & Earp, 2003). As a result, many
interventions designed to increase mammography use focus on getting women to think about
the test’s benefits (Champion et al., 2003; Rauscher, Earp, & O’Malley, 2004; Rimer et al.,
1996).

Perceptions of test accuracy
One potentially important but largely ignored area of research is the impact of false-positive
results on perceptions of test accuracy. We focus on beliefs about a test’s sensitivity and
positive predictive value. Sensitivity is the probability an individual with disease will
receive a positive test result. Mammography will detect between 83% and 95% of breast
cancers in women who have the disease (Mushlin et al., 1998). Another measure of
screening accuracy, positive predictive value, is the probability a positive test result has
correctly detected disease. Only about 10% of abnormal mammograms result in a cancer
diagnosis (Kerlikowske et al., 1993). The small number of breast cancer cases causes the
ratio of true positives to total positives (positive predictive value) to be low whereas the ratio
of false-positives to total positives is high (Gigerenzer & Edwards, 2003).
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More importantly for our model, however, are women’s perceptions of these concepts. We
propose that women who experience false-positives should be more likely to understand that
abnormal test results do not always indicate presence of disease (test’s positive predictive
value). However, receipt of false-positive results should have no impact on women’s
perceptions of mammography’s accuracy for detecting disease when it is present (test’s
sensitivity). Similarly, false-positive experiences should have no effect on women’s beliefs
about mammography’s effectiveness for reducing breast cancer deaths. Few studies have
explored perceptions of screening accuracy and effectiveness after false-positive experiences
(Aro et al., 2000; Bull & Campbell, 1991; Davey et al., 2003). While some evidence
suggests that false-positives do not impact women’s perceptions of mammography’s
sensitivity or effectiveness for reducing deaths from breast cancer (Aro et al., 2000; Bull &
Campbell, 1991), no study we are aware of has investigated perceptions of mammography’s
positive predictive value and impact on use.

Perceptions of a screening test’s accuracy should be associated with its use (Aro, de Koning,
Absetz, & Schreck, 1999). We propose that women who believe abnormal test results are
less accurate will avoid subsequent screening, although no study has tested this hypothesis.
This may be because of women who believe abnormal test results are inaccurate might have
feelings of distrust about the test or the medical system. This prediction is supported by
qualitative research by Padgett, Yedidia, Kerner, & Mandelblatt (2001) where many women
who received false-positive mammography results left the screening experience feeling
suspicious or distrusting of the health care system. Studies show that medical mistrust is
associated with underutilisation of health care services (Fiscella, Franks, & Clancy, 1998;
Laveist, Isaac, & Williams, 2009).

Predictions from the model
The proposed model yields several novel predictions about the psychological and
behavioural effects of false-positive mammography results.

(1) False-positive mammography results should affect adherence to subsequent
mammography screening. Findings from studies in the USA, where there is no
nationalised mammography screening programme, suggest that women who
receive false-positive mammography results should be more likely to return for
subsequent mammography screening. Findings from studies in Europe and
Canada, where mammography screening is centrally organised and paid for by
the state, suggest the opposite effect (Brewer et al., 2007). The prediction that
false-positive test results influence future screening behaviour is also supported
in the prostate, cervical and lung cancer screening literatures (Ford et al., 2003,
2005; Lerman, Miller et al., 1991).

(2) Thoughts elicited by a false-positive experience should mediate the relationship
between receipt of false-positive mammography results and adherence to
subsequent screening. Women whose previous mammograms were false-
positive will have elevated breast cancer-related worry, anxiety and will believe
they are more likely to get breast cancer compared to women whose previous
mammograms were normal. In turn, these thoughts will motivate vigilance about
regular screening. Women might also think more about the benefits of regular
mammography after receipt of false-positive results, which in turn would also
increase their likelihood of return for screening.

(3) Beliefs about mammography’s accuracy should suppress the relationship
between receipt of false-positive mammography results and adherence to
subsequent screening. Women who receive false-positive mammography results
may believe that abnormal test results are less accurate. This belief might cause
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women to distrust screening, off-setting the positive influences of worry,
perceived likelihood of disease and thoughts about the test’s benefits.

Moderating influences of false-positive mammography results on
subsequent screening

While we hypothesise that false-positive mammography results influence subsequent
screening – as mediated by women’s thoughts about themselves and thoughts about the
screening test – important subgroup differences may also exist. We argue for two broad
classes of moderators, one that inhibits understanding of test results and another that inhibits
action. Each class of moderators is relevant to a different mediational pathway (Figure 2).
Thus, additional predictions from the model are as follows:

(4) The effects of false-positive mammography results on subsequent screening
depend on people’s ability to understand the results. People with lower
education levels might understand less of the complexities of medical testing
and their test results. As a result, they should be less likely to experience the
thoughts typically elicited by false-positives, breaking the mediational pathway.
Similar predictions can be made for factors such as numeracy (Peters, Hibbard,
Slovic & Dieckmann, 2007; Reyna, Nelson, Han, & Dieckmann, 2009) and
health literacy (Brewer et al., 2009).

(5) The effects of false-positive mammography results on subsequent screening
depend on people’s ability to act on the results. People who report financial
hardship or lack health care resources may not show the pattern of mediation
proposed in the previous model. For example, women who have lower incomes
or report cost barriers to screening might not have the means to relieve the
feelings elicited by their false-positive experience (i.e., disease-related distress,
anxiety and perceived likelihood of disease) by returning for their next regular
screening. Women who receive false-positive mammography results are likely
burdened with some costs from follow-up testing (although this may be less of
an issue outside of the USA where costs are not a barrier to mammography
screening). Other costs associated with false-positive test results may include
missed work hours, transportation, childcare needs or other inconveniences
(Lafata et al., 2004).

Similarly, women who receive false-positive test results and do not have a usual source of
health care, or opportunities to communicate with their physicians about their false-positive
experiences, may be less likely to comply with future mammography screening compared to
women who receive false-positive results but have these resources. Physicians are important
sources of information for women contemplating the benefits and risks of screening
(Meissner, Breen, Taubman, Vernon, & Graubard, 2007; O’Malley et al., 2001). Physician
recommendations may prompt women who receive false-positive results to act on feelings
of worry and anxiety, thus facilitating return for future screening. In addition to actual
barriers to screening (e.g., costs, physician recommendations), similar effects may be found
for people’s perceived abilities to act (e.g., perceived behavioural control or perceived
barriers) (Ajzen, 1985; Janz & Becker, 1984).

Testing mediational hypotheses
The model of false-positive test results proposes several mediational hypotheses. While
researchers have used a variety of study designs to test mediational hypotheses, strong tests
of mediation should establish a temporal chain among predictor, mediator and outcome
variables (Frazier, Tix, & Barron, 2004). The predictor (X) should occur before the mediator
variable (M) and M should occur before the outcome (Y). Because measurement of
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constructs is unlikely to coincide with their occurrence, researchers should take special care
in understanding the limitations and challenges inherent in the approach they choose. The
following sections continue to use the example of false-positive mammography results to
illustrate several key considerations when testing the model’s mediational hypotheses.

Cross-sectional study designs
Researchers sometimes test for mediation using cross-sectional study designs that rely on
retrospective recall of constructs and behaviours. However, such studies usually preclude
establishing a temporal timeline among variables, making them not desirable for testing
mediational hypotheses. Thus, findings from cross-sectional studies can be considered only
exploratory or suggestive of mediation (Cole & Maxwell, 2003).

In the context of false-positive mammography results and return for screening, use of cross-
sectional study design is potentially problematic, because the outcome-Y (whether or not
women returned for a subsequent screening and the result of that screening exam) could
plausibly influence subject’s report of potential mediators (M). For example, women who
returned for mammograms (Y) and received normal test results may later report less worry
about breast cancer (M) compared to women who had not yet returned for screening. As a
result, effects of M on Y would be biased because of this reverse causal pathway and the
basis for causal inference would be seriously undermined.

Longitudinal study designs
Longitudinal designs are preferable for testing mediation models, because they better allow
researchers to establish a temporal timeline among variables (Cole & Maxwell, 2003). The
length of time between receipt of a false-positive and assessment of mediators should not be
so long that psychological effects of the false-positive result would have dissipated. Studies
generally have found that false-positive mammography results impact psychological
outcomes anywhere from a few weeks to 36 months after the false-positive experience
(Brewer et al., 2007). A related consideration is that this time lag should not be so great that
researchers assess mediators (M) well after women return for screening (Y).

It is also possible that the degree to which false-positive test results impact psychological
outcomes (M) will vary over time. As a result, the strength of the effect of X on M might not
be the same for all time intervals. For studies where the influence of X on M is not
stationary, researchers suggest the inclusion of a variety of time intervals over which the
mediation process might unfold (Cole & Maxwell, 2003). That is, rather than assessment of
a time-specific mediated effect (the degree to which M at exactly Time 2 mediates the effect
of X at exactly Time 1 on Y), researchers will be more interested in an overall mediated
effect – the degree to which M at any time within a specified window mediates the effect of
false-positive test results on behaviour.

A final consideration is that a construct might occur at a different time than when a
researcher measures it (Cole & Maxwell, 2003). That is, measures of Y and M might actually
assess conditions that began long before the occurrence of X (Weinstein, 2007). As a result,
the temporality among variables could be compromised. In the context of false-positive
mammograms, some mediators (such as worry about breast cancer) will have existed prior
to the occurrence of X (false-positive test result). Women may have worried about breast
cancer even before receipt of the mammogram that produced the false-positive result.
Therefore, prior levels of M should be controlled if researchers want to determine if changes
in the mediating variables influence the outcome. Another possible scenario is that the
behaviour represented by Y might precede X. Women who consistently return for routine
screenings might be more likely to have received false-positive test results. They will have

DeFrank and Brewer Page 8

Health Psychol Rev. Author manuscript; available in PMC 2011 August 24.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



undergone more screening exams and thus will have had more opportunities for false-
positive results (Burman, Taplin, Herta, & Elmore, 1999). Studying a population of
homogenous women with respect to their previous screening histories or statistical
adjustment for previous screening behaviour would control for this potential source of bias.

Connections to models of health behaviour
Many aspects of the proposed model, especially the links to mammography uptake, overlap
with existing general models of health behaviour. Indeed the conceptualisation of many of
these social cognitive models was the inspiration for some of our theorising. For example,
the link between perceived likelihood of disease and protective behaviour is central to
several theories of health behaviour (Weinstein, 1993) including the Health Belief Model
(HBM) (Janz & Becker, 1984) Extended Parallel Process Model (Witte, 1992, 1994), and
Precaution Adoption Process Model (Weinstein & Sandman, 1992). These models generally
propose the greater people perceive their risk of disease, the more likely they will engage in
protective behaviour. Although not formally embedded in many of the most commonly used
models of health behaviour (Noar & Zimmerman, 2005), the motivating influence of worry
resembles theories about the relationship between emotion and protective behaviour
(Leventhal et al., 2003) and also models of stress and coping where emotional responses are
proposed to motivate problem-focused coping (Lazarus, 1984). The hypothesis that
perceptions of test accuracy should influence health behaviour is similar to perceived
efficacy constructs of the Extended Parallel Process Model (Witte, 1992, 1994) and
perceived effectiveness in the HBM (Janz & Becker, 1984).

Significance and implications of the model
Understanding the influence of false-positive mammography results is increasingly
important as we rethink screening guidelines and implement new screening technologies.
Researchers estimate that about one-half of USA women will receive false-positive
mammography results if tested annually for a decade (Elmore et al., 1998). This proportion
would be somewhat lower, but still as high as one third, if women adhere to biennial
screening guidelines. Wider implementation of digital mammography might contribute to
higher rates of false-positive results, because research suggests digital technology detects
larger proportions of breast cancers at the expense of an increased false-positive rate
(Skaane, 2009). A better understanding of the long-term psychological and behavioural
consequences of receiving false-positive results on screening exams should be a public
health priority. While we argue that some psychological reactions to false-positives, such as
anxiety and worry, may motivate futures screening, these thoughts are negative to
experience and should be minimised through intervention (Barton et al., 2004).

While the model presented in this paper focuses on mammography screening, expanding this
model to other screening tests is a promising area of future research. For example, effects
elicited by false-positive mammography results for women may be similar to those
experienced by men undergoing screening for prostate cancer. False-positive prostate cancer
screening test result (PSAs) likely influence men’s perceptions of cancer risk, worry and
perceptions of test accuracy, although these topics have received little attention. However,
unlike mammography screening, the one published study on this topic suggests US men who
receive false-positive results on PSAs are less likely to return for subsequent prostate cancer
screening compared to men whose results are normal (Ford et al., 2005). While it is possible
that perceptions of test inaccuracy or distrust might explain this finding, other factors, such
as the risk of sexual side effects that can result from biopsy procedures for positive PSAs
and the ambiguous benefits of the test may play important roles. As false-positive test results
from cervical and colon cancer screening are also quite common (Croswell et al., 2009;
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Nanda et al., 2000) their effects merit greater study. Another population of interest is breast
cancer patients who have survived their disease and are undergoing regular screening and
surveillance. False-positive results on routine mammography exams may have an amplified
effect on cancer survivors’ thoughts, well-being and screening behaviour, although no
research we are aware of has explored these issues.

It is also plausible that more complex relationships exist among the constructs presented in
the proposed model. For example, Aiken, West, Woodward, Reno, & Reynolds (1994)
longitudinal analyses of HBM constructs showed that perceptions of perceived breast cancer
risk lead to more thought about mammography’s benefits which, coupled with fewer barriers
to screening, influenced use. Examining these possible additional relationships among the
constructs presented in our model could be a future area of research.

Summary
In conclusion, this article proposes a model, informed by empirical evidence, clarifying the
relationship between receipt of false-positive mammography results and return for
subsequent screening. We propose that false-positive mammography results cause women to
think differently about themselves and the screening test. We also argue that these effects
can persist several years beyond the false-positive experience – long enough to influence
future screening behaviour. While the focus of our model is on mammography screening, it
might be applicable to other screening tests and behaviours.
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Figure 1.
Model of effects of false-positive mammography screening results
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Figure 2.
Moderating factors on association between false-positive mammography results and return
for mammography screening
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