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Background: Although abnormal screening mammograms deleteri-
ously affect the psychological well-being of women during the time
immediately surrounding the tests, their long-term effects are
poorly understood.

Purpose: To characterize the long-term effects of false-positive
screening mammograms on the behavior and well-being of women
40 years of age or older.

Data Sources: English-language studies from the MEDLINE, Web
of Science, EMBASE, CINAHL, PsycINFO, and ERIC databases
through August 2006.

Study Selection: Studies were identified that examined the effects
of false-positive results of routine screening mammography on
women's behavior, well-being, or beliefs.

Data Extraction: Two investigators independently coded study
characteristics, quality, and effect sizes.

Data Synthesis: 23 eligible studies (n = 313 967) were identified.
A random-effects meta-analysis showed that U.S. women who
received false-positive results on screening mammography were
more likely to return for routine screening than those who received

normal results (risk ratio, 1.07 [95% Cl, 1.02 to 1.12]). The effect
was not statistically significant among European women (risk ratio,
0.97 [CI, 0.93 to 1.01]), and Canadian women were less likely to
return for routine screening because of false-positive results (risk
ratio, 0.63 [Cl, 0.50 to 0.80]). Women who received false-positive
results conducted more frequent breast self-examinations and had
higher, but not apparently pathologically elevated, levels of distress
and anxiety and thought more about breast cancer than did those
with normal results.

Limitations: Correlational study designs, a small number of studies,
a lack of clinical validation for many measures, and possible heter-

ogeneity.

Conclusions: Some women with false-positive results on mam-
mography may have differences in whether they return for mam-
mography, occurrence of breast self-examinations, and levels of
anxiety compared with women with normal results. Future research
should examine how false-positive results on mammography affect
other outcomes, such as trust and health care use.
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egular mammography has become part of routine

health care in the developed world for women 40 years
of age or older. Routine mammography is important be-
cause it reduces death due to breast cancer by detecting
tumors early (1-3). Unfortunately, many women receive
false-positive results on screening tests. In the United
States, approximately 11% of screening mammograms lead
to false-positive results, which can cause women to incur
substantial personal and financial costs related to follow-up
testing (4, 5). One study (6) estimated that increased med-
ical care use related to false-positive results on mammogra-
phy costs $100 million per year in the United States. Re-
searchers have shown that false-positive results negatively
influence women’s psychological well-being during the pe-
riod immediately surrounding tests (7). Although research-
ers have performed several studies (7-9) on the effect of
false-positive mammograms on women, the long-term ef-
fect is poorly understood.

Women who receive false-positive mammograms may
be discouraged from further routine screening mammogra-
phies (10). Testing errors could undermine women’s con-
fidence in the benefit of mammography and in the medical
system’s ability to provide adequate care, making them less
likely to return for routine mammography. The costly and
time-consuming follow-up procedures prompted by false-
positive results may be an additional disincentive for
return.

Alternatively, false-positive mammograms may not
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have a negative effect on subsequent screening mammog-
raphies. Only one half of women with abnormal mammo-
grams are aware of having received false-positive results
(11). A recent survey in the United States found that of the
adults who recall having received false-positive results on
screenings for cancer (including mammographies), 98%
were still glad that they had had the tests performed (12,
13). Women are concerned about receiving overdiagnosis
and overtreatment but not about receiving false-positive
results per se (14). A final and less commonly argued alter-
native is that false-positive results might actually increase
routine screening because they increase anxiety, worry, and
perceived risk (7, 15-20). Anxiety, in turn, may cause
women who receive false-positive results to be more vigi-
lant about early detection than women who receive normal
results. Although extreme anxiety caused by screening
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seems to be rare, abnormal mammograms apparently
prompted 2 British women to commit suicide (21).

Many studies have addressed the long-term conse-
quences for women who receive false-positive mammo-
grams, but these studies have yielded contradictory results,
with different studies supporting each of the 3 possibilities
described. Other reviews (7, 9, 18, 22-25) emphasized
short-term  psychological consequences, largely ignored
health behaviors, were typically not systematic reviews, and
did not screen studies for minimum quality criteria. Be-
cause mixed findings among diverse outcomes have
thwarted the understanding of the presence and extent of
the long-term effects of false-positive screening mammo-
grams, we conducted a systematic review of the relevant
literature. We aimed to characterize the long-term effects
of false-positive screening mammograms on the behavior
and well-being of women 40 years of age or older.

METHODS
Data Sources and Searches

We conducted the review by using the following pro-
tocol. Two reviewers independently searched the MED-
LINE, Web of Science, EMBASE, CINAHL, PsycINFO,
and ERIC databases for studies published through Septem-
ber 2006 whose title, abstract, or keywords included refer-
ence to both false-positive results and screening mammog-
raphy. The search terms were (false positive OR abnormal
OR benign) AND (breast cancer OR mammog*). We also
manually searched the reference sections of relevant papers
and circulated requests for unpublished studies among col-
leagues and the authors of the articles we identified. We
limited the searches to English-language studies.

Study Selection

Two reviewers independently screened the titles, then
abstracts, and then text of articles that seemed pertinent.
We identified studies that examined the effects of false-
positive mammograms on the behavior, well-being, or be-
liefs of women 40 years of age or older by using selection
criteria that we specified before the review began, except as
noted. We excluded studies that did not meet the follow-
ing quality criteria. We required that initial mammography
screening results (abnormal or normal) be obtained from
routine mammography because mammographies con-
ducted for reasons other than screening take place in a very
different context. We excluded studies of mammography
prompted by symptoms or initial screening by clinical
breast examination. We required that women receiving false-
positive results be compared with women from the same sam-
ple who received normal results. Unacceptable comparison
groups included unscreened women and women screened at
other times or in different settings. We defined false-positive
results on mammograms as abnormal results that did not lead
to a cancer diagnosis after follow-up mammography, ultra-
sonography, magnetic resonance imaging, fine-needle aspira-
tion, or biopsy. While reviewing the studies, we decided to
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Context

Do false-positive mammograms affect women's well-being
and behavior?

Contribution

This systematic review summarizes data from 23 observa-
tional studies that compared outcomes after false-positive
results or normal results on screening mammograms.
Women who received false-positive results had slightly
higher levels of distress and more thoughts about cancer
several months after screening than women who received
normal results. They also performed breast self-examina-
tions more frequently and, in the United States, were
slightly more likely to return for repeated routine screening
examinations (risk ratio, 1.07 [95% CI, 1.02 to 1.12]).

Implication

False-positive mammograms may have persistent small
effects on some women's psychological well-being and
behavior.

—The Editors

include 2 studies (26, 27) that did not report the resolution of
abnormal screening results because very few abnormal results
indicate cancer (28). The inclusion of these studies did not
change our findings. We required that initial screening be real
(not imagined in a hypothetical vignette) and that results be
assessed from medical records or by patient self-report.

Studies had to include the outcome of return for rou-
tine screening within the interval recommended in the
country or health system in which the study was conduct-
ed; we did not consider mammographies that were follow-
ups of abnormal results or were part of a clinical trial as
routine, initial mammographies. We required that women
who returned for screening be assessed from medical or
registry records or by patient self-report; however, we did
not include intention to be screened as an acceptable mea-
sure. Additional outcomes included behavior, well-being,
and beliefs, such as self-report of conducting breast self-
examinations, anxiety, worry, perceived risk, and depres-
sion. We required that these outcome measures be assessed
at least 1 month after cancer was ruled out so that the data
reflected long-term consequences of false-positive screening
results and not immediate distress in the period between
receiving an abnormal test result and the subsequent neg-
ative result for cancer. Although breast self-examination
has not been shown to reduce death due to breast cancer
(29), we included it in our analysis as an additional dem-
onstration of the effect of false-positive results on women’s
behavior.

We required that studies reported bivariate statistical
analyses of original, quantitative data or reported data that
could be reanalyzed, although we accepted studies that re-
ported null effects without indicating their size or direc-
tion. In practice, we did not exclude studies that reported
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Figure 1. Study flow diagram.
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results only after adjustment for covariates, although we
excluded several studies that reported complex analyses
that did not allow us to determine the relevant main effect.

Data Extraction and Quality Assessment

Two investigators independently used a standard-
ized data extraction form to code the studies on charac-
teristics that could alter the effect of receiving a false-
positive result. In addition, we coded variables that
reflect study quality, such as study design and use of
self-report. During our review process, we refined our
coding criteria to exclude study results for women
whose follow-up for an abnormal mammogram was not
further testing but was instead early recall for their next
screening mammography. We could not exclude data
for these women in 2 studies included in the review
because data on women placed on early recall were com-
bined with data on women receiving diagnostic fol-
low-up in the study analyses (30, 31). Two investigators
independently calculated a risk ratio for each study of
return for the next routine mammogram.

Data Synthesis and Analysis

For studies assessing whether women returned for
mammography, we pooled risk ratios (1 per study) by us-
ing a random-effects meta-analysis (32). For the 1 study
(33) that reported data about reattendance at several time
intervals after the initial mammogram, we chose data from
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month 18 of the study because that was the next period
after the recommended screening interval of 12 months.
Our analysis weighted risk ratios according to the sample
size in each study while taking into account the variability
among studies. We created a funnel plot to assess possible
publication bias. We conducted the analyses by using the
metan procedure in Stata (Stata Corp., College Station,
Texas). We used 2-tailed statistical tests (critical o =
0.05).

Role of the Funding Sources

The study was funded by grants from the University of
North Carolina Lineberger Comprehensive Cancer Center
and the American Cancer Society. The funding sources
had no role in conducting the review or in preparing and
submitting the manuscript.

REsULTS

As shown in Figure 1, we reviewed 11 726 titles, 190
abstracts, and 76 articles for inclusion in the review. We
identified 27 articles on 23 unique studies (z = 313 967)
that examined the long-term effects of false-positive screen-
ing mammograms (Appendix Table 1, available at www
.annals.org [15, 27, 30, 31, 33-55]). Thirteen studies were
conducted in Europe, 7 in the United States, 2 in Canada,
and 1 in Australia. Thirteen studies did not include women
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between 40 and 49 years of age. Information on race, in-
surance status, and education of the women was reported
in too few studies to allow meaningful summary of these
characteristics. Women were typically studied in clinical
settings, such as physicians’ offices and screening clinics,
although some studies used data from breast cancer regis-
tries or national health surveys.

Tests used to rule out cancer were clinical breast ex-
amination, a second mammogram, ultrasonography, fine-
needle aspiration, and biopsy, although some studies did
not report specific tests. Return for the next routine mam-
mogram was assessed 15 to 48 months after the initial
screening. Because some studies examined the effects of
false-positive mammograms from any time in the women’s
medical histories (31, 45), the longest time since initial
screening for these studies is not specified and may exceed
the range previously stated. Mammography reattendance
was assessed from medical records in 9 studies and by self-
report in 3. For other outcomes, time since initial screen-
ing ranged from 1 to 35 months and all were assessed by
self-report. All but 1 study (49) of return for mammogra-
phy used longitudinal cohort designs (that is, prospective

The Long-Term Effects of False-Positive Mammograms REVIEW

or retrospective); the studies of other outcomes typically
used the same designs, but 2 (45, 49) used cross-sectional
designs. Only 2 studies (40, 53) explicitly addressed
whether women who received abnormal mammograms
may have been further treated through another medical
system, and neither stated whether this had occurred. The
time between the abnormal mammogram and negative re-
sult for cancer was reported in too few studies to provide a
meaningful summary.

Meta-analysis: Return for Next Routine Screening
Twelve studies examined the effect of false-positive
screening mammograms on whether women returned for
their next routine mammogram (Figure 2). We stratified
the meta-analysis of these studies by geographic region be-
cause of potentially important regional differences in mam-
mography screening practices. For example, return for
mammography was generally measured over a shorter time
in the United States than in Europe because of shorter
recommended screening intervals. Also, the systems for fol-
lowing mammography are national in scope in most Euro-
pean countries and in Canada, whereas in the United

Figure 2. Meta-analysis of the relationship between receiving a false-positive mammogram and return for routine mammography.

Study, Year (Reference)

FP Return/All FP NS Return/All NS Risk Ratio (95% ClI)

Canada
Chiarelli et al., 2003 (40) S 5022/9738 85 149/115 512 0.70 (0.69-0.71)
Johnson et al., 1996 (27) —o— 777287 1499/3084 0.55 (0.45-0.67)

—_

0.63 (0.50-0.80)

Europe
Brett et al., 2001 (37) - 319/375 120/130 0.92 (0.86-0.98)
Hofvind et al., 2003 (44) iy 250/299 220/240 0.91 (0.86-0.97)
Lampic et al., 2003 (47) $ 397/416 236/252 1.02 (0.98-1.06)
McCann et al., 2002 (50) S 3981/4792 93 081/108 617 0.97 (0.96-0.98)
O'Sullivan et al., 2001 (53) —— 119/162 3841/5401 1.03 (0.94-1.13)
0.97 (0.93-1.01)

United States
Burman et al., 1999 (30) P 602/813 3098/4246 1.01 (0.97-1.06)
Lerman et al., 1991 (31) To— 143/187 82/121 1.13 (0.97-1.31)
Lipkus et al., 2000 (49) = 239/275 625/772 1.07 (1.01-1.14)
Pinckney et al., 2003 (33) o 2503/3982 21529/37 862 1.11 (1.08-1.13)
Pisano et al., 1998 (15) —to— 31/43 35/53 1.09 (0.83-1.43)
< 1.07 (1.02-1.12)
I I I
0.2 0.5 1 5
Risk Ratio

Circles indicate point estimates for risk ratios of individual studies, and bars indicate their 95% Cls. Diamonds indicate the summary risk ratios and 95%
Cls pooling across studies in each geographical region. For each study, the proportion of women returning for routine mammography who received
false-positive results (FP) and those who received normal screening results (NS) is shown.
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States, a patchwork of private and public providers (56)
handle mammography.

Women in the United States were more likely to re-
turn for their next routine mammogram if they had re-
ceived false-positive rather than normal mammograms (5
studies) (risk ratio, 1.07 [95% CI, 1.02 to 1.12]; Q = 11
[P = 0.026]). European women who received false-positive
mammograms were less likely to return for routine screen-
ing, but the finding was not statistically reliable (5 studies)
(risk ratio, 0.97 [CI, 0.93 to 1.01]; Q = 14 [P = 0.007]).
The 2 studies of Canadian women seemed to be outliers,
with Canadian women who received false-positive results
being much less likely to return for mammography (risk
ratio, 0.63 [CI, 0.50 to 0.80]; Q = 6 [P = 0.017]).

Although the stratified effect sizes from the 3 geo-
graphic regions yielded heterogeneity statistics that were
statistically significant, we believe that this is an artifact of
the several studies with very large sample sizes. Indeed, a
visual inspection of the forest plot (Figure 2) shows little
variability in the U.S. and European studies. We note that
Johnson and colleagues’ study (27) reported an unusually
low percentage of women returning for screening that was
perhaps due to its retrospective use of existing medical
records. Pinckney and colleagues’ well-conducted, popula-
tion-based study (33) of mammography in Vermont from
1996 to 1997 contributed the most to the pooled risk ratio
for the United States, and it had one of the highest rates of
nonreturn overall. McCann and colleagues’ large study
(50) that contributed the most to the pooled risk ratio for
Europe examined the effect of the introduction of compre-
hensive screening mammography into East Anglia, United
Kingdom, between 1992 and 1998 and thus may have
differed somewhat from other studies of ongoing pro-
grams. A visual examination of funnel plots for the meta-
analysis (data not shown) revealed no apparent publication
bias, but this conclusion should be viewed as tentative
given the small number of studies analyzed and the limita-
tions of funnel plots for assessing such bias.

Systematic Review

We report the remainder of the findings in the form of
a narrative review because relatively few studies assessed the
outcomes of interest and because the studies’ wide variety
of assessment methods is not appropriate for meta-analysis
(9) (Appendix Table 2, available at www.annals.org [15,
31, 34, 35, 37, 39, 41-49, 51, 52, 54, 55, 57-69]).

Frequency of Breast Self-Examination and Attitudes toward
Breast Screening

Six studies examined the effect of false-positive results
on frequency of conducting breast self-examinations. Com-
pared with those who received normal results, women who
received false-positive results reported conducting statisti-
cally significantly more frequent breast self-examinations in
3 studies. Two studies showed no effect, and 1 study had
mixed findings. Too few studies examined attitudes toward
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breast self-examination and mammography to allow us to
characterize trends in the findings.

Health Care Use and Symptoms

Eight studies examined topics related to health care
use and symproms. Compared with women who received
normal results, women who received false-positive results
reported similar physician use (1 study), higher use of men-
tal health professionals (1 study), similar numbers of sub-
sequent clinical breast examinations (1 study), and similar
health habits (1 study). False-positive results were associ-
ated with statistically significantly more physical symptoms
in 1 study, whereas 2 studies found no difference and 1
study had mixed findings. False-positive results were also
associated with some negative effects from symptoms
(1 study), greater impairment in daily activities (1 study),
perceiving breasts as less healthy (1 study), equivalent
bodily preoccupation (1 study), and equivalent well-being
(1 study).

Psychological Distress

Nine studies assessed psychological distress. False-
positive mammograms were associated with statistically sig-
nificantly more symptoms of distress in 4 studies, whereas
3 studies reported no statistically significant differences and
2 studies had mixed findings. Of the 4 studies that mea-
sured distress by using the Psychological Consequences
Questionnaire (63), a scale developed specifically to assess
the immediate psychological effect of breast screening, 3
found statistically significantly more symptoms of distress
among women who received false-positive results.

Anxiety

Eleven studies assessed anxiety. Four of these studies
used ad hoc measures of anxiety about breast cancer or
further screening, and all but 1 of the remaining studies
used validated measures of generalized symptoms of anxi-
ety. Statistically significantly higher levels of anxiety were
found among women who received false-positive results
than among women who received normal results in 4 stud-
ies, whereas 4 studies found no effect and 3 studies had
mixed findings. The 4 ad hoc measures that were specific
to breast cancer showed statistically significantly higher lev-
els of anxiety, although the normed measures of general-
ized symptoms of anxiety showed no apparent pattern.
This finding suggests that false-positive mammograms in-
crease an anxious mood that is specific to breast cancer or
mammography but do not increase clinically diagnosable
psychological harm or generalized anxiety.

Worry, Intrusive Thoughts, Fear, and Perceived Risk
Researchers assessed worry in 6 studies. The studies
used ad hoc measures (or used nonstandard scoring for a
previously published measure) of worry about further
screening, breast cancer, illness, and death, suggesting spe-
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cific concerns that were not generalized or pathologic in
extent. Women who received false-positive mammograms
reported statistically significantly higher levels of worry in
4 studies, whereas 1 study showed no difference and 1
study showed mixed results. Two studies showed that
women had statistically significantly more intrusive
thoughts and increased concerns about breast cancer. Of
the 3 studies examining fear of breast cancer, cancer, ill-
ness, or death, 2 found statistically significantly greater fear
and 1 found no difference. Three studies found that
women who had received false-positive results on mam-
mography had statistically significantly higher perceived
likelihood or risk for receiving positive results for breast
cancer in the future, and 1 study found no effect. Two
studies found no effect on perceived severity of breast can-
cer. All studies of perceived risk used ad hoc measures
whose quality could not be assessed (70, 71). These find-
ings, combined with those for anxiety, suggest that women
who receive false-positive results on screening mammo-
grams have a general increase in thoughts and apprehen-
sion about breast cancer and breast cancer—related topics.

Depression

Researchers assessed depression in 9 studies. Eight of
the studies used standardized measures of generalized
symptoms of depression, many of which are acceptable
screening tools for clinical depression. One study found
lower levels of depression, 7 reported no effect, and 1 re-
ported mixed findings. The pattern of results suggests no
long-term symptoms of depression in women who receive
false-positive mammograms.

DiscussioN

We reviewed the long-term effects of false-positive
mammography results on subsequent mammography
screening behavior, breast self-examination, well-being,
and beliefs of women 40 years of age or older. Our meta-
analysis found no statistically significant relationship be-
tween false-positive screening mammograms and return for
routine mammography screening among women in Eu-
rope. Women in the United States who received false-
positive results were more likely to return for screening,
and Canadian women who received false-positive results
were less likely to return for routine screening. Although
many studies we reviewed had large sample sizes, we sug-
gest caution in interpreting our findings because of the
small number of studies, especially Canadian studies.
Women who received false-positive results were generally
more likely to conduct breast self-examinations than were
those who did not receive these results. False-positive re-
sults were associated with generally more thoughts about
breast cancer (including greater distress, anxiety, and worry
and a greater perceived likelihood of receiving positive re-
sults for breast cancer in the future), but they had no con-
sistent relationship to generalized anxiety or depression.
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Before offering our theoretical interpretation of the
findings, we consider the anomalous finding that Canadian
women were substantially less likely to return for mam-
mography after receiving false-positive results. In some Ca-
nadian provinces, women who receive false-positive mam-
mograms continue their routine screening in a separate
surveillance system (56). The registries surveyed in the 2
Canadian studies may not have adequately captured the
women’s routine screening behavior in this separate sur-
veillance system (72). One Canadian research group (40)
offered a similar speculation about their findings. We can-
not rule out this explanation for the Canadian finding be-
cause inadequate information was reported in the pub-
lished studies (27, 40). In addition, although the Canadian
studies had a large combined sample size, we should be
tentative in drawing conclusions from only 2 studies.

Our findings suggest that women who receive false-
positive mammograms often have higher anxiety about
breast cancer, but we speculate that they may also have less
trust in the accuracy and benefit of mammography. Previ-
ous research on false-positive results shows that false-
positive chemical warfare alarms decrease trust in those
tests (73; Brewer T, Hallman WK. Somatic consequences
of failing to unbelieve a false test: chemical warfare alerts
and exposure. In preparation). One implication is that anx-
iety and trust could offset each other in affecting return for
mammography. The false-positive results would increase
breast cancer anxiety, and higher levels of anxiety and
worry have been shown to increase mammography use (74,
75). At the same time, receiving false-positive results may
decrease trust in mammography, which in turn could de-
crease interest in future mammography. Increased interest
in mammography because of an increase in anxiety could
offset the trust-related decrease, yielding a null effect of
false-positive results on return for screening. Our review
supports 2 predictions of this model—an increase in anx-
iety and a minimal or null effect on return for mammog-
raphy. Other research (74, 75) supports the effect of anx-
iety on screening.

The 2 effects we posit would not offset each other in
their effect on the frequency of breast self-examinations.
False-positive results increase breast cancer anxiety (an as-
sertion supported by our findings), and higher anxiety has
been shown to increase the frequency of breast self-
examination (76). On the other hand, the false-positive
results may also decrease trust in mammography, which
could have no effect on the frequency of breast self-exam-
inations or could increase the frequency in a compensatory
way.

The regional differences in our finding that women
from the United States are more likely than women in
Europe to return for routine screening mammography after
false-positive results may be because of differences in mam-
mography procedures in the 2 regions. First, the United
States has a shorter routine screening interval than many
countries in Europe. Second, European screening systems
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place a much higher premium on accuracy by using double
reading and other procedures that result in abnormal
mammogram rates that are 3 to 5 times lower than those in
the United States (28, 77, 78). Third, most European
countries have screening programs that automatically invite
all women for their next routine mammogram. This type
of system, in which women must “opt out” of routine
screening if they do not attend, yields much higher partic-
ipation than “opt-in” systems, such as those in the United
States (79). Lastly, European countries typically have na-
tional mammography programs, unlike the more frag-
mented and often private systems in the United States.
These regional differences may affect women’s levels of
anxiety and trust in mammography, or they may have in-
dependent effects on mammography reattendance.

Our review has several limitations. We reviewed only
correlational studies because the existing experimental
studies were of insufficient quality (for example, an exper-
iment using hypothetical scenarios with behavioral inten-
tion as the outcome measure [80]) and because experi-
ments of acceptable quality would probably be unethical to
conduct. Although most studies in our meta-analysis used
longitudinal designs, we had limited ability to infer a causal
relationship between false-positive results and our outcome
measures because of potentially unidentified or unmea-
sured variables. To address this concern, we examined pos-
sible predictors of receiving a false-positive result across the
included studies, such as age, history of false-positive mam-
mograms, and breast density, but no clear pattern emerged.
The studies we reviewed did not provide adequate infor-
mation on many important issues, including the time be-
tween an abnormal result and the negative result for breast
cancer and whether the tests ruling out cancer indicated
benign breast disease or no physiologic finding. These are 2
important variables that could affect the findings of the
studies and our review. Although assessment of return for
mammography screening in most studies relied on medical
records, some studies used self-report rather than clinical
records. Although we based our return for mammography
meta-analysis on data from more than 300 000 women, we
based the qualitative review on data from between a few
hundred and a few thousand women. The finding of in-
creased thoughts and anxiety about breast cancer relied on
ad hoc measures. Because few standardized measures exist,
we could not fully interpret the clinical significance of
these outcomes. Although additional empirical studies are
needed in this area, our meta-analysis and review advances
our ability to organize and interpret this literature. The
studies were somewhat heterogeneous, but we believe that
this was primarily because of the oversensitivity of the het-
erogeneity statistic of the few very large studies. For this
reason, although we reported heterogeneity statistics, we
derive more confidence from the visual inspection of the
forest plot. In our examination of the funnel plot for the
meta-analysis, we found no apparent publication bias, but
the limitations inherent to funnel plots in identifying such
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bias, especially given the number of small studies analyzed,
prevented us from rendering a judgment about the absence
of publication bias with confidence. The published studies
that we reviewed may represent a biased subset of studies
conducted, or they may have had selective reporting of
outcomes.

Our review highlights some long-term consequences
for women who receive false-positive mammograms and
shows areas that need further study. To our knowledge, no
study has used accepted statistical procedures to establish
whether anxiety mediates the effects of false-positive results
on women’s return for routine screening or on breast self-
examination (81, 82). Few studies included in our analysis
examined the effect of false-positive mammograms on
trust, functional status, quality of life, and health care use
(43, 83), and no studies examined whether breast self-
examination was a replacement for routine screening
among women who had anxiety after receiving false-
positive mammograms. Finally, the literature on false-
positive results has focused almost exclusively on breast
cancer screening. Few studies have examined the effects of
false-positive results on screening for cervical cancer, pros-
tate cancer, or colon cancer (84—87). Given our findings
that false-positive mammograms have long-term effects on
the behavior and well-being of the women who receive
them, these effects may also be results of testing for other
types of cancer, diseases, and health threats.

From the University of North Carolina, Chapel Hill, North Carolina.

Note: Portions of this paper were presented at the 2006 meetings of the
American Society for Preventive Oncology, Bethesda, Maryland, 26-28
February 2006; the Society for Behavioral Medicine, San Francisco, Cal-
ifornia, 22-25 March 2006; and the Society of Judgment and Decision
Making, Houston, Texas, 17-20 November 2006.

Acknowledgments: The authors thank colleagues who provided feed-
back on the study results and on earlier drafts of the manuscript.

Grant Support: By the University of North Carolina Lineberger Com-
prehensive Cancer Center and the American Cancer Society (MSRG-06-
259-01-CPPB).

Potential Financial Conflicts of Interest: None disclosed.

Requests for Single Reprints: Noel Brewer, PhD, Department of
Health Behavior and Health Education, School of Public Health, Uni-
versity of North Carolina, 306 Rosenau Hall CB#7440, Chapel Hill,
NC 27599; e-mail, ntba@unc.edu.

Current author addresses are available at www.annals.org.

References

1. Berry DA, Cronin KA, Plevritis SK, Fryback DG, Clarke L, Zelen M, et al.
Effect of screening and adjuvant therapy on mortality from breast cancer. N Engl
] Med. 2005;353:1784-92. [PMID: 16251534]

2. Humphrey LL, Helfand M, Chan BK, Woolf SH. Breast cancer screening: a
summary of the evidence for the U.S. Preventive Services Task Force. Ann Intern

www.annals.org



Med. 2002;137:347-60. [PMID: 12204020]

3. Elmore JG, Armstrong K, Lehman CD, Fletcher SW. Screening for breast
cancer. JAMA. 2005;293:1245-56. [PMID: 15755947]

4. Lafata JE, Simpkins J, Lamerato L, Poisson L, Divine G, Johnson CC. The
economic impact of false-positive cancer screens. Cancer Epidemiol Biomarkers
Prev. 2004;13:2126-32. [PMID: 15598770]

5. Lidbrink E, Elfving J, Frisell ], Jonsson E. Neglected aspects of false positive
findings of mammography in breast cancer screening: analysis of false positive
cases from the Stockholm trial. BMJ. 1996;312:273-6. [PMID: 8611781]

6. Cyrlak D. Induced costs of low-cost screening mammography. Radiology.
1988;168:661-3. [PMID: 3406395]

7. Brett ], Bankhead C, Henderson B, Watson E, Austoker J. The psychological
impact of mammographic screening. A systematic review. Psychooncology. 2005;
14:917-38. [PMID: 15786514]

8. Mandelblatt J, Saha S, Teutsch S, Hoerger T, Siu AL, Atkins D, et al. The
cost-effectiveness of screening mammography beyond age 65 years: a systematic
review for the U.S. Preventive Services Task Force. Ann Intern Med. 2003;139:
835-42. [PMID: 14623621]

9. Brodersen J, Thorsen H, Cockburn J. The adequacy of measurement of short
and long-term consequences of false-positive screening mammography. ] Med
Screen. 2004;11:39-44. [PMID: 15006113]

10. Welch HG. Should I Be Tested for Cancer? Maybe Not and Here’s Why.
Berkeley, CA: Univ of Calif Pr; 2004.

11. Karliner LS, Patricia Kaplan C, Juarbe T, Pasick R, Pérez-Stable EJ. Poor
patient comprehension of abnormal mammography results. ] Gen Intern Med.
2005;20:432-7. [PMID: 15963167]

12. Schwartz LM, Woloshin S, Fowler FJ Jr, Welch HG. Enthusiasm for cancer
screening in the United States. JAMA. 2004;291:71-8. [PMID: 14709578]

13. Mant D, Fitzpatrick R, Hogg A, Fuller A, Farmer A, Verne J, et al. Expe-
riences of patients with false positive results from colorectal cancer screening. Br ]
Gen Pract. 1990;40:423-5. [PMID: 2271264]

14. Schwartz LM, Woloshin S, Sox HC, Fischhoff B, Welch HG. US women’s
attitudes to false positive mammography results and detection of ductal carci-
noma in situ: cross sectional survey. BM]. 2000;320:1635-40. [PMID:
10856064]

15. Pisano ED, Earp ], Schell M, Vokaty K, Denham A. Screening behavior of
women after a false-positive mammogram. Radiology. 1998;208:245-9. [PMID:
9646820]

16. Kahn BE, Luce MF. Repeated-adherence protection model: “I'm OK, and
It’s a hassle.” Journal of Public Policy and Marketing. 2006;25:78-89.

17. Fletcher SW, Elmore JG. Clinical practice. Mammographic screening for
breast cancer. N Engl ] Med. 2003;348:1672-80. [PMID: 12711743]

18. Bankhead CR, Brett J, Bukach C, Webster P, Stewart-Brown S, Munafo
M, et al. The impact of screening on future health-promoting behaviours and
health beliefs: a systematic review. Health Technol Assess. 2003;7:1-92. [PMID:
14670217]

19. Watson EK, Henderson BJ, Brett J, Bankhead C, Austoker J. The psycho-
logical impact of mammographic screening on women with a family history of
breast cancer—a systematic review. Psychooncology. 2005;14:939-48. [PMID:
15744777]

20. Cullen J, Schwartz MD, Lawrence WF, Selby JV, Mandelblatt JS. Short-
term impact of cancer prevention and screening activities on quality of life. ] Clin
Oncol. 2004;22:943-52. [PMID: 14990651]

21. Weil JG, Hawker JI. Positive findings of mammography may lead to suicide
[Letter]. BM]. 1997;314:754-5. [PMID: 9116577]

22. Lerman C, Rimer BK. Psychosolcial impact of cancer screening. In: Croyle
RT, ed. Psychosocial Effects of Screening for Disease Prevention and Detection.
New York: Oxford Univ Pr; 1995:65-81.

23. Woodward V, Webb C. Women’s anxicties surrounding breast disorders: a
systematic review of the literature. J Adv Nurs. 2001;33:29-41. [PMID:
11155100]

24. Sutton S. Does breast screening arouse anxiety? Psychology & Health. 1998;
3:81-5.

25. International Agency for Research on Cancer. IARC Handbooks of Cancer
Prevention. Lyon, France: IARC Pr; 2002.

26. Pisano ED, Earp JA, Gallant TL. Screening mammography behavior after a
false positive mammogram. Cancer Detect Prev. 1998;22:161-7. [PMID:
9544437]

27. Johnson MM, Hislop TG, Kan L, Coldman AJ, Lai A. Compliance with the

screening mammography program of British Columbia: will she return? Can J

www.annals.org

Downloaded From: http://annals.org/ by a Univ of North Carolina User on 07/21/2016

The Long-Term Effects of False-Positive Mammograms REVIEW

Public Health. 1996;87:176-80. [PMID: 8771920]

28. Elmore ]G, Nakano CY, Koepsell TD, Desnick LM, D’Orsi CJ, Ransohoff
DF. International variation in screening mammography interpretations in com-
munity-based programs. ] Natl Cancer Inst. 2003;95:1384-93. [PMID:
13130114]

29. Thomas DB, Gao DL, Ray RM, Wang WW, Allison CJ, Chen FL, et al.
Randomized trial of breast self-examination in Shanghai: final results. ] Natl
Cancer Inst. 2002;94:1445-57. [PMID: 12359854]

30. Burman ML, Taplin SH, Herta DF, Elmore JG. Effect of false-positive
mammograms on interval breast cancer screening in a health maintenance orga-
nization. Ann Intern Med. 1999;131:1-6. [PMID: 10391809]

31. Lerman C, Trock B, Rimer BK, Boyce A, Jepson C, Engstrom PF. Psycho-
logical and behavioral implications of abnormal mammograms. Ann Intern Med.
1991;114:657-61. [PMID: 2003712]

32. Cooper H, Hedges LV. The Handbook of Research Synthesis. New York:
Russell Sage Foundation; 1994.

33. Pinckney RG, Geller BM, Burman M, Littenberg B. Effect of false-positive
mammograms on return for subsequent screening mammography. Am J Med.
2003;114:120-5. [PMID: 12586231]

34. Aro AR, Pilvikki Absetz S, van Elderen TM, van der Ploeg E, van der
Kamp LJ. False-positive findings in mammography screening induces short-term
distress—breast cancer-specific concern prevails longer. Eur J Cancer. 2000;36:
1089-97. [PMID: 10854941]

35. Barton MB, Morley DS, Moore S, Allen JD, Kleinman KP, Emmons KM,
et al. Decreasing women’s anxieties after abnormal mammograms: a controlled
trial. J Natl Cancer Inst. 2004;96:529-38. [PMID: 15069115]

36. Brett J, Austoker J, Ong G. Do women who undergo further investigation
for breast screening suffer adverse psychological consequences? A multi-centre
follow-up study comparing different breast screening result groups five months
after their last breast screening appointment. ] Public Health Med. 1998;20:396-
403. [PMID: 9923945]

37. Brett J, Austoker J. Women who are recalled for further investigation for
breast screening: psychological consequences 3 years after recall and factors affect-
ing re-attendance. ] Public Health Med. 2001;23:292-300. [PMID: 11873891]
38. Ong G, Austoker J, Brett J. Breast screening: adverse psychological conse-
quences one month after placing women on early recall because of a diagnostic
uncertainty. A multicentre study. ] Med Screen. 1997;4:158-68. [PMID:
9368874]

39. Bull AR, Campbell MJ. Assessment of the psychological impact of a breast
screening programme. Br ] Radiol. 1991;64:510-5. [PMID: 2070180]

40. Chiarelli AM, Moravan V, Halapy E, Majpruz V, Mai V, Tatla RK. False-
positive result and reattendance in the Ontario Breast Screening Program. ] Med
Screen. 2003;10:129-33. [PMID: 14561264]

41. Cockburn J, Staples M, Hurley SF, De Luise T. Psychological consequences
of screening mammography. ] Med Screen. 1994;1:7-12. [PMID: 8790480]
42. Ellman R, Angeli N, Christians A, Moss S, Chamberlain J, Maguire P.
Psychiatric morbidity associated with screening for breast cancer. Br ] Cancer.
1989;60:781-4. [PMID: 2803955]

43. Gram IT, Lund E, Slenker SE. Quality of life following a false positive
mammogram. Br ] Cancer. 1990;62:1018-22. [PMID: 2257200]

44. Hofvind SS, Wang H, Thoresen S. The Norwegian Breast Cancer Screening
Program: re-attendance related to the women’s experiences, intentions and pre-
vious screening result. Cancer Causes Control. 2003;14:391-8. [PMID:
12846372]

45. Jatoi I, Zhu K, Shah M, Lawrence W. Psychological distress in U.S. women
who have experienced false-positive mammograms. Breast Cancer Res Treat.
2006;100:191-200. [PMID: 16773439]

46. Lampic C, Thurfjell E, Bergh ], Sjodén PO. Short- and long-term anxiety
and depression in women recalled after breast cancer screening. Eur ] Cancer.
2001;37:463-9. [PMID: 11267855]

47. Lampic C, Thurfjell E, Sjodén PO. The influence of a false-positive mam-
mogram on a woman’s subsequent behaviour for detecting breast cancer. Eur ]
Cancer. 2003;39:1730-7. [PMID: 12888368]

48. Lerman C, Trock B, Rimer BK, Jepson C, Brody D, Boyce A. Psychological
side effects of breast cancer screening. Health Psychol. 1991;10:259-67. [PMID:
1915212]

49. Lipkus IM, Halabi S, Strigo TS, Rimer BK. The impact of abnormal
mammograms on psychosocial outcomes and subsequent screening. Psy-
chooncology. 2000;9:402-10. [PMID: 11038478]

50. McCann J, Stockton D, Godward S. Impact of false-positive mammography

3 April 2007 | Annals of Internal Medicine | Volume 146 * Number 7 | 509



REVIEW | The Long-Term Effects of False-Positive Mammograms

on subsequent screening attendance and risk of cancer. Breast Cancer Res. 2002;
4:R11. [PMID: 12223128]

51. Meystre-Agustoni G, Paccaud F, Jeannin A, Dubois-Arber F. Anxiety in a
cohort of Swiss women participating in a mammographic screening programme.
] Med Screen. 2001;8:213-9. [PMID: 11743038]

52. Olsson P, Armelius K, Nordahl G, Lenner P, Westman G. Women with
false positive screening mammograms: how do they cope? ] Med Screen. 1999;
6:89-93. [PMID: 10444727]

53. O’Sullivan I, Sutton S, Dixon S, Perry N. False positive results do not have
a negative effect on reattendance for subsequent breast screening. ] Med Screen.
2001;8:145-8. [PMID: 11678554]

54. Sandin B, Chorot P, Valiente RM, Lostao L, Santed MA. Adverse psycho-
logical effects in women attending a second-stage breast cancer screening.
J Psychosom Res. 2002;52:303-9. [PMID: 12023127]

55. Scaf-Klomp W, Sanderman R, van de Wiel HB, Otter R, van den Heuvel
WJ. Distressed or relieved? Psychological side effects of breast cancer screening in
The Netherlands. ] Epidemiol Community Health. 1997;51:705-10. [PMID:
9519137]

56. International Breast Cancer Screening Network. Quality assurance in fol-
low-up and initial treatment for screening mammography programs in 22 coun-
tries. Int ] Qual Health Care. 2002;14:449-61. [PMID: 12515331]

57. Rakowski W, Andersen MR, Stoddard AM, Urban N, Rimer BK, Lane
DS, et al. Confirmatory analysis of opinions regarding the pros and cons of
mammography. Health Psychol. 1997;16:433-41. [PMID: 9302540]

58. Kellner R. Abridged Manual of the Illness Attitude Scales. Albuquerque,
NM: Univ of New Mexico; 1987.

59. Goldberg DP. Manual of the General Health Questionnaire. Windsor,
United Kingdom: NFER-Nelson Publishing; 1978.

60. Derogatis LR. SCL-90-R administration, scoring, and procedures manual II.
Towson, MD: Clinical Psychometric Research; 1983.

61. Derogatis LR. SCL-90: Administration, scoring and procedures manual I to
the (revised) version. Baltimore: Johns Hopkins Univ School of Medicine; 1977.
62. Horowitz M, Wilner N, Alvarez W. Impact of Event Scale: a measure of
subjective stress. Psychosom Med. 1979;41:209-18. [PMID: 472086]

63. Cockburn J, De Luise T, Hurley S, Clover K. Development and validation
of the PCQ: a questionnaire to measure the psychological consequences of screen-
ing mammography. Soc Sci Med. 1992;34:1129-34. [PMID: 1641674]

64. Spielberger CD, Gorsuch RL, Luchene R. Manual for the State Trait Anx-
iety Inventory. Palo Alto, CA: Consulting Psychologists Pr; 1970.

65. Derogatis LR, Lipman RS, Rickels K, Uhlenhuth EH, Covi L. The Hop-
kins Symptom Checklist (HSCL): a self-report symptom inventory. Behav Sci.
1974;19:1-15. [PMID: 4808738]

66. Zigmond AS, Snaith RP. The hospital anxiety and depression scale. Acta
Psychiatr Scand. 1983;67:361-70. [PMID: 6880820]

67. Kessler RC, Andrews G, Colpe L], Hiripi E, Mroczek DK, Normand SL,
et al. Short screening scales to monitor population prevalences and trends in
non-specific psychological distress. Psychol Med. 2002;32:959-76. [PMID:
12214795]

68. Beck AT, Ward CH, Mendelson M. An inventory for measuring depression.
Arch Gen Psychiatry. 1961;4:561-71. [PMID: 13688369]

69. Andresen EM, Malmgren JA, Carter WB, Patrick DL. Screening for de-
pression in well older adults: evaluation of a short form of the CES-D (Center for
Epidemiologic Studies Depression Scale). Am J Prev Med. 1994;10:77-84.
[PMID: 8037935]

510|3 April 2007 | Annals of Internal Medicine | Volume 146 * Number 7

Downloaded From: http://annals.org/ by a Univ of North Carolina User on 07/21/2016

70. Brewer NT, Weinstein ND, Cuite CL, Herrington JE. Risk perceptions and
their relation to risk behavior. Ann Behav Med. 2004;27:125-30. [PMID:
15026296]

71. Brewer NT, Chapman GB, Gibbons FX, Gerard M, McCaul KD, Wein-
stein ND. A meta-analysis of the relationship between risk perception and health
behavior: the example of vaccination. Health Psychol. [Forthcoming].

72. Aro AR, de Koning HJ, Absetz P, Schreck M. Two distinct groups of
non-attenders in an organized mammography screening program. Breast Cancer
Res Treat. 2001;70:145-53. [PMID: 11768605]

73. Boyd KC, Hallman WK, Wartenberg D, Fiedler N, Brewer NT, Kipen
HM. Reported exposures, stressors, and life events among Gulf War Registry
veterans. ] Occup Environ Med. 2003;45:1247-56. [PMID: 14665810]

74. McCaul KD, Branstetter AD, Schroeder DM, Glasgow RE. What is the
relationship between breast cancer risk and mammography screening? A meta-
analytic review. Health Psychol. 1996;15:423-9. [PMID: 8973921]

75. Vernon SW. Risk perception and risk communication for cancer screening
behaviors: a review. ] Nat Cancer Inst Monogr. 1999:101-19. [PMID:
10854465]

76. Meiser B, Butow P, Barratt A, Friedlander M, Kirk J, Gaff C, et al. Breast
cancer screening uptake in women at increased risk of developing hereditary
breast cancer. Breast Cancer Res Treat. 2000;59:101-11. [PMID: 10817345]
77. Yankaskas BC, Klabunde CN, Ancelle-Parl R, Rennert G, Wang H,
Fracheboud J, et al. International Breast Cancer Screening Network. Interna-
tional comparison of performance measures for screening mammography: can it
be done? ] Med Screen. 2004;11:187-93. [PMID: 15624239]

78. Mushlin AI, Kouides RW, Shapiro DE. Estimating the accuracy of screening
mammography: a meta-analysis. Am ] Prev Med. 1998;14:143-53. [PMID:
9631167]

79. Johnson EJ, Goldstein D. Medicine. Do defaults save lives? Science. 2003;
302:1338-9. [PMID: 14631022]

80. Luce MF, Kahn BE. Avoidance or vigilance? The psychology of false-positive
test results. Journal of Consumer Research. 1999;26:242-59.

81. Baron RM, Kenny DA. The moderator-mediator variable distinction in
social psychological research: conceptual, strategic, and statistical considerations.
Journal of Personality and Social Psychology. 1986;5):1173-82.

82. MacKinnon DP, Lockwood CM, Hoffman JM, West SG, Sheets V.
A comparison of methods to test mediation and other intervening variable effects.
Psychol Methods. 2002;7:83-104. [PMID: 11928892]

83. Stewart KA, Neumann PJ, Fletcher SW, Barton MB. The effect of imme-
diate reading of screening mammograms on medical care utilization and costs
after false-positive mammograms. Health Services Research. 2006.

84. French DP, Maissi E, Marteau TM. Psychological costs of inadequate cer-
vical smear test results. Br ] Cancer. 2004;91:1887-92. [PMID: 15534608]

85. Ford ME, Havstad SL, Demers R, Cole Johnson C. Effects of false-positive
prostate cancer screening results on subsequent prostate cancer screening behav-
ior. Cancer Epidemiol Biomarkers Prev. 2005;14:190-4. [PMID: 15668495]
86. Taylor KL, Shelby R, Gelmann E, McGuire C. Quality of life and trial
adherence among participants in the prostate, lung, colorectal, and ovarian cancer
screening trial. ] Natl Cancer Inst. 2004;96:1083-94. [PMID: 15265970]

87. McNaughton-Collins M, Fowler FJ Jr, Caubet JF, Bates DW, Lee JM,
Hauser A, et al. Psychological effects of a suspicious prostate cancer screening test
followed by a benign biopsy result. Am J Med. 2004;117:719-25. [PMID:
15541320]

www.annals.org



Annals of Internal Medicine

Current Author Addresses: Dr. Brewer, Ms. Salz, and Ms. Lillie: De- Health, University of North Carolina, 306 Rosenau Hall CB#7440,
partment of Health Behavior and Health Education, School of Public Chapel Hill, NC 27599.
www.annals.org 3 April 2007 | Annals of Internal Medicine | Volume 146 * Number 7 |W-127

Downloaded From: http://annals.org/ by a Univ of North Carolina User on 07/21/2016



Appendix Table 1. Characteristics of Reviewed Studies*

Author, Study Study Included Dropout Rate Initial Time from Tests Used Return for ~ Timing and Other
Year Country Design and Women from Screening Screening Abnormal to Rule Mammog-  Method of Outcomes,
(Reference) Objectivet Age to Outcome Mammogram  Result Out Cancer raphy, n¥  Assessment n¥
40-49 A t A to Negative of Return
Years % Result for Mammography
Cancer
Aro et al., Finland Prospective cohort No 5 (at 2 mo); 20 Medical 2-27 d to NR - - 781-881
2000 (34) study o (at 12 mo) records follow-up
psychological test; time
distress after to negative
false-positive result NR
mammogram
Barton United States  Prospective cohort Yes 15 Medical 72% of Mammography, - - 588
etal, study (data are records women ultrasonography,
2004 (35) from with biopsy
nonintervention abnormal
groups of a mammogram
controlled trial to received
reduce anxiety negative
after abnormal result at 3
mammogram) wk
Brett et al., United Prospective cohort No 24 (from those Medical NR Mammography, - - 279
1998 (36) Kingdom study of adverse invited from records cIinica%
psychological previous study examination,
consequences of [38]) ultrasonography,
false-positive fine-needle
mammogram aspiration,
biopsy
Brett and United Prospective cohort No 23 (reported by Medical NR I\/\amm0§raphy, 505 35 mo since 167
Austoker, Kingdom stud%’/1 of adverse authors but records clinica initial
2001 (37) psychological denominator is examination, screening;
(same consequences of unclear) ultrasonography, assessed
study false-positive fine-needle from medical
sample as mammogram aspiration, records
reference biopsy
36)
Ong et al., United Prospective cohort No 25 Medical NR Mammo?raphy, - - 394
1997 (38) Kingdom study of the records clinical
(same effects of early examination,
study recall relative to ultrasonography,
sample as false-positive and fine-needle
reference normal aspiration,
36) mammograms biopsy
Bull and United Prospective cohort No 19 Medical NR Mammography, - - 573-584
Campbell, Kingdom study of records ultrasonography,
1991 (39) psychological fine-needle
effect of routine aspiration,
breast screening biopsy
program
Burman United States  Prospective cohort Yes 27 Medical NR Mammography, 5059 Time since -
etal., study of effect of records ultrasonography, initial
1999 (30) false-positive early recall for screening
mammogram on mammography, varied
routine biopsy (18-42 mo)
mammography and the
assessment
of return
was 6 mo
past the
recommended
interval);
assessed
from medical
records
Chiarelli Canada Retrospective No 28 Medical NR NR 125 250 36 mo since -
etal, cohort study of records initial
2003 (40) the effect of screening;
false-positive assessed
mammogram on from medical
reattendance for records
routine
mammography
screening
Cockburn Australia Prospective cohort No 19 Medical NR (results of ~ Mammography, = - 200
et al., study of records initial cIinica%
1994 (41) psychological mammograms  examination,
consequences of sent 7 d ultrasonography
mammography later)
screening
Ellman United Prospective cohort Yes Medical NR NR - - 553
et al., Kingdom study o (included records
1989 (42) psychiatric women
morbidity age
associated with 45-49 y)
screening for
breast cancer
Gram et al.,  Norway Prospective cohort Yes 14 (at 6 mo); 35 Medical NR Mammography, - - 287-357
1990 (43) study of quality (at 18 mo) records biopsy
of life after
receiving a
false-positive
mammogram
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Appendix Table I—Continued

Author, Study Study Included Dropout Rate Initial Time from Tests Used Return for ~ Timing and Other
Year Country Design and Women from Screening Screening Abnormal to Rule Mammog-  Method of Outcomes,
(Reference) Objectivet Age to Outcome Mammogram  Result Out Cancer raphy, n¥  Assessment n¥
40-49 A t A to Negative of Return
Years % Result for Mammography
Cancer
Hofvind Norway Prospective cohort No 13 Medical NR NR 539 24 mo since -
et al., study of records initial
2003 (44) reattendance for screening;
routine assessed
mammography from medical
related to records
previous
screening
experiences and
attitudes
Jatoi et al., United States  Cross-sectional Yes NA (nonparti- Self-report NR NR - - 9571-
2006 (45) stud% of cipation rate, 9598
psychological 28%)

distress related to
false-positive

mammograms
Johnson Canada Retrospective No (no 47 Medical NR NR 3371 18 mo since -
et al., cohort study of data on records initial
1996 (27) adherence to false- screening;
screening positive assessed
mammography results from medical
program in records
younger
cohort)
Lampic Sweden Prospective, Yes 9 (at 3 mo); 17 Medical Within Clinical - - 619-684
etal., age-matched (at 12 mo) records 2-8 wk examination,
2001 (46) cohort study of mammography,
short- and ultrasonography,
long-term fine-needle
anxiety and aspiration,
depression in biopsy
women routinely
screened for
breast cancer
Lampic Sweden Prospective, Yes 21 (at 24 mo) Medical Within 2-8 Clinical 668 30 mo since 556-601
etal, age-matched records wk examination, initial
2003 (47) cohort study of mammography, screening;
(same short- and ultrasonography, assessed
study long-term fine-needle from medical
sample as anxiety and aspiration, records
reference depression in biopsy
46) women routinely
screened for
breast cancer
Lerman United States  Prospective cohort No 15 Medical Within 1-2 Ultrasonography, 308 15 mo since 305
et al., study of records mo biopsy, may initial
1991 (31) psychological include some screening;
and behavioral early recall assessed by
consequences of self-report
false-positive
mammograms
Lerman United States  Prospective cohort No 15 (at 3 mo); 20 Medical Within 1-2 Ultrasonography, - - 299
et al., stud%’/1 of (at 15 mo) records mo biopsy, may
1991 (48) psychological include some
(same side effects of early recall
study false-positive
sample as mammograms
reference
31)
Lipkus United States  Cross-sectional Yes NA Self-report NR NR (some had 1047 15 mo (patient 1047
etal., study of the (nonparticipation biopsy) age =51y)
2000 (49) effect of rate, 24%) or 27 mo
false-positive (patient age
screening 40-50 y)
mammograms since initial
on subsequent screening;
screening and assessed by
psychosocial self-report
outcomes
McCann United Retrospective Yes 14 Medical NR Ultrasonography, 113 409 42 mo since -
etal, Kingdom cohort study of (included records fine-needle initial
2002 (50) the effect of women aspiration, screening;
false-positive age 49'y) biopsy assessed
mammograms from medical
on return for records
routine
mammography
and risk for
cancer
Meystre- Switzerland Prospective cohort No 3 Medical NR NR - - 859
Agustoni study of effects records
etal., of
2001 (51) mammography
screening on
anxiety
Olsson Sweden Prospective cohort Yes 10 (includes those ~ Medical NR (1 wk on I\/\ammogﬁraphy, - - 1222
etal, study of ways who declined a records average clinical
1999 (52) that'women 2-wk survey) for examination,
cope with follow-up ultrasonography,
false-positive testing) fine-needle
mammograms aspiration,
biopsy
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Appendix Table I—Continued

Author, Study
Year Country
(Reference)

O'Sullivan United

etal., Kingdom
2001 (53)

Pinckney United States
etal,
2003 (33)

Pisano United States
et al.,
1998 (15)

Sandin Spain
et al.,
2002 (54)

Scaf-Klomp ~ The

Netherlands

etal,
1997 (55)

Study
Design and
Objectivet

Retrospective
cohort study of
false-positive
mammograms
on routine
mammography
screening

Retrospective
cohort study of
effect of
false-positive
mammograms
on routine
mammography
screening

Prospective cohort
study of effect of
false-positive
mammograms
on routine
mammography
screening

Prospective cohort
stud{1 of the
psychological
effects o
false-positive
mammograms

Prospective cohort
stud{] of
psychological
side effects of
breast cancer
screening;
cohorts matched
for age and
municipality

Included
Women
Age
40-49
Years

No

Yes

Yes
(included
women
age
45-49 y)

No

Dropout Rate
from Screening
to Outcome
A

Initial
Screening
Mammogram
A

%

29

43 (at 18 mo); 31
(at 24 mo); 17
(at 30 mo)

21

35 (at 8-10 wk);
41 (at 6 mo)

Medical
records

Medical
records

Medical
records

Medical
records

Medical
records

Time from
Abnormal
Result

to Negative
Result for
Cancer

NR

NR

NR
(within 6
mo)

NR

Less than
8-10 wk

Tests Used
to Rule
Out Cancer

NR

Mammography,
“other

diagnostic
testing”

Biopsy only

NR

Return for
Mammog-
raphy, n¥

5649

41844

96

Timing and Other
Method of Outcomes,
Assessment n*

of Return

Mammography

36 mo since =
initial
screening
(some
women
were asked
to return
earlier);
assessed
from medical
records

18 mo since -
initial
screening;
assessed
from medical
records

24-48 mo 920
since initial
screening
(adherence
defined as
having had 3
mammographies
within 3'y);
assessed
from medical
records

- 1195

= 164-185

* Dashes mean that the outcome was not assessed. NA = not available; NR = not reported.
T “Prospective cohort study” refers to studies in which the outcome of screening mammography was known before a later survey or assessment of return for mammography.
Study objectives are those stated by the authors.
+ Sample sizes refer to usable data abstracted for this review and may be smaller than the total number reported by the authors for their studies.
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Appendix Table 2. Qualitative Review of the Long-Term Effects of False-Positive Mammograms on Outcomes Other than Return

for Screening*

Outcome

Frequency of BSE and attitudes
toward BSE and mammography

Study, Year (Reference)

Timing of
Assessment
after Screening

Finding and Statistical
Significancet

Outcome Assessment

Frequency of BSE Aro et al., 2000 (34) 2 mo FP significantly more Ad hoc (1 item)
12 mo FP significantly more
Frequency of BSE Bull and Campbell, 1991 (39) 6 wk FP significantly more Ad hoc (1 item)
Frequency of BSE Gram et al., 1990 (43) 18 mo No effect (direction of NR
null effect NR)
Frequency of BSE Lampic et al., 2001 (46); 12 mo FP significantly more Ad hoc (1 item)
Lampic et al., 2003 (47)
Frequency of BSE Lerman et al., 1991 (31); 3 mo No effect Ad hoc (1 item)
Lerman et al., 1991 (48)
Frequency of BSE Scaf-Klomp et al., 1997 (55) 8-10 wk FP more, not significant ~ Ad hoc (1 item)
8 mo FP significantly more
Confidence in BSE Aro et al., 2000 (34) 2 mo FP less, not significant Ad hoc (1 item)
12 mo FP significantly less
Perceived importance of BSE Aro et al., 2000 (34) 2 mo FP more, not significant ~ Ad hoc (1 item)
12 mo FP more, not significant
Confidence in breast cancer Aro et al., 2000 (34) 2 mo FP less, not significant Ad hoc (1 item)
prevention 12 mo FP less, not significant
Perceived sensitivity of Bull and Campbell, 1991 (39) 6 wk FP significantly more Ad hoc (1 item)
mammography
Perceived benefits of Gram et al., 1990 (43) 18 mo FP more, not significant ~ NR
mammography
Perceived benefits of screening Lipkus et al., 2000 (49) Varied FP significantly more Rakowski pros and cons scale
(reference 57) (20 items)
Ambivalence about future Lipkus et al., 2000 (49) Varied FP significantly more Ad hoc (1 item)
mammograms
Perceived benefits of Pisano et al., 1998 (15) Varied FP significantly more NR
mammography
Perceived barriers to mammography  Pisano et al., 1998 (15) Varied FP less, not significant NR
Perceived negative effect of Pisano et al., 1998 (15) Varied FP less, not significant NR
mammography screening
Belief that annual mammography is Pisano et al., 1998 (15) Varied FP more, not significant ~ NR
necessary
Health care use and symptoms
Frequency of outpatient care Gram et al., 1990 (43) 18 mo FP more, not significant ~ NR
Frequency of physiotherapy Gram et al., 1990 (43) 18 mo FP less, not significant NR
Frequency of visits to general Gram et al., 1990 (43) 18 mo FP no effect NR
practitioner
Mental health professional use Jatoi et al., 2006 (45) Varied FP significantly more Ad hoc (1 item)
Clinical breast examination in past Lipkus et al., 2000 (49) Varied FP no effect Ad hoc (1 item)
12 mo
Good health habits Aro et al., 2000 (34) 2 mo FP less, not significant lliness attitude scale (reference 58),
12 mo FP no effect subscale (2 items)
Symptoms in breasts Aro et al., 2000 (34) 2 mo FP significantly more Ad hoc (1 item)
12 mo FP significantly more
Symptom reports Ellman et al., 1989 (42) 3 mo FP less, not significant General Health Questionnaire
(reference 59) (28 items), subscale
Symptom reports Sandin et al., 2002 (54) 2 mo FP more, not significant ~ SCL-90-R (reference 60), subscale
Symptom reports Scaf-Klomp et al., 1997 (55) 8-10 wk FP more, not significant SCL-90 (reference 61), somatization
8 mo FP significantly more subscale
Effects of symptoms Aro et al., 2000 (34) 2 mo FP less, not significant lliness attitude scale (reference 58),
12 mo FP significantly less subscale (3 items)
Impairment in daily activities Lerman et al., 1991 (31); 3 mo FP significantly more Ad hoc (1 item)
because of worrying Lerman et al., 1991 (48)
Believe breasts are healthy Aro et al., 2000 (34) 2 mo FP significantly less Ad hoc (1 item)
12 mo FP significantly less
Bodily preoccupation Aro et al., 2000 (34) 2 mo FP less, not significant lliness attitude scale (reference 58),
12 mo FP less, not significant subscale (4 items)
Well-being Gram et al., 1990 (43) 18 mo No effect (direction of Ad hoc

null effect NR)

Continued on following page
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Appendix Table 2—Continued

Outcome

Psychological distress

Study, Year (Reference)

Timing of
Assessment
after Screening

Finding and Statistical
Significancet

Outcome Assessment

Generalized symptoms of distress Barton et al., 2004 (35) 3 mo FP significantly more Impact of Events Scale (reference 62)
related to past mammogram
Distress about breast cancer Cockburn et al., 1994 (41) 8 mo FP more on 3 Psychological Consequences
subscales, not Questionnaire (reference 63)
significant
Symptoms of distress, summary Ellman et al., 1989 (42) 3 mo FP less, not significant General Health Questionnaire
score (reference 59) (28 items)
Symptoms of social dysfunction Ellman et al., 1989 (42) 3 mo FP less, not significant General Health Questionnaire
(reference 59) (28 items), subscale
Stress Gram et al., 1990 (43) 18 mo No effect (direction of NR
null effect NR)
Taking sleeping pills Gram et al., 1990 (43) 18 mo No effect (direction of NR
null effect NR)
Sleeplessness Gram et al., 1990 (43) 18 mo No effect (direction of NR
null effect NR)
Symptoms of distress about breast Olsson et al., 1999 (52) 6 mo FP significantly more Psychological Consequences
cancer Questionnaire (reference 64)
Generalized symptoms of distress Ong et al., 1997 (38); Brett 1 mo FP significantly more Psychological Consequences
et al., 1998 (36); Brettand 5 mo FP significantly more Questionnaire (reference 65)
Austoker, 2001 (37) 3y FP significantly more
Symptoms of distress about breast Meystre-Agustoni et al., 8 wk after FP significantly more Psychological Consequences

cancer

Symptoms of global distress

2001 (51)

Sandin et al., 2002 (54)

screening or
negative result
2 mo

FP less, not significant

Questionnaire (reference 66)

SCL-90-R (reference 60)

Symptoms of obsessive—compulsion Sandin et al., 2002 (54) 2 mo FP significantly less SCL-90-R (reference 60), subscale
Symptoms of anger Sandin et al., 2002 (54) 2 mo FP significantly less SCL-90-R (reference 60), subscale
Symptoms of psychoticism Sandin et al., 2002 (54) 2 mo FP significantly more SCL-90-R (reference 60), subscale
Symptoms of paranoia Sandin et al., 2002 (54) 2 mo FP more, not significant ~ SCL-90-R (reference 60), subscale
Symptoms of interpersonal Sandin et al., 2002 (54) 2 mo FP less, not significant SCL-90-R (reference 60), subscale
sensitivity
Symptoms of distress Scaf-Klomp et al., 1997 (55) 8-10 wk FP less, not significant General Health Questionnaire
8 mo FP significantly less (reference 59)
Loss of appetite Scaf-Klomp et al., 1997 (55) 8-10 wk FP significantly more Ad hoc (1 item)
8 mo FP more, not significant
Sleep disturbances Scaf-Klomp et al., 1997 (55) 8-10 wk FP significantly more Ad hoc (1 item)
8 mo FP more, not significant
Anxiety
Generalized symptoms of anxiety Aro et al., 2000 (34) 2 mo FP more, not significant  State Trait Anxiety Inventory (67) (20
12 mo FP significantly less items)
Generalized symptoms of anxiety Barton et al., 2004 (35) 3 mo FP more, not significant ~ HSCL (reference 68), subscale
Generalized symptoms of anxiety Bull and Campbell, 1991 (39) 6 wk FP less, not significant Hospital Anxiety and Depression Scale
(reference 69), subscale (7 items)
Generalized symptoms of anxiety Ellman et al., 1989 (42) 3 mo FP more, not significant ~ General Health Questionnaire
(reference 59) (28 items)
Anxiety about breast cancer Gram et al., 1990 (43) 6 mo FP significantly more NR
18 mo FP significantly more
Generalized feelings of nervousness,  Jatoi et al., 2006 (45) Varied FP significantly more K6 Questionnaire (reference 70) (2 of
restlessness 6 items)
Generalized symptoms of anxiety Lampic et al., 2001 (46); 3 mo FP less, not significant Hospital Anxiety and Depression Scale
Lampic et al., 2003 (47) 12 mo FP less, not significant (reference 69), subscale
Anxiety about future mammograms  Lampic et al., 2001 (46); 24 mo FP significantly more Ad hoc (11 item)
Lampic et al., 2003 (47)
Anxiety about future mammograms  Lerman et al., 1991 (31); 3 mo FP significantly more Ad hoc (1 item)
Lerman et al., 1991 (48)
Anxiety about breast cancer Meystre-Augustoni et al., 8 wk FP significantly more Ad hoc (1 item)
2001 (51)
Generalized symptoms of anxiety Sandin et al., 2002 (54) 2 mo FP more, not significant ~ SCL-90-R (reference 60), subscale
Phobic anxiety Sandin et al., 2002 (54) 2 mo FP less, not significant SCL-90-R (reference 60), subscale
Generalized symptoms of anxiety Scaf-Klomp et al., 1997 (55) 8-10 wk FP significantly more Hospital Anxiety and Depression Scale
8 mo FP more, not significant (reference 69), subscale
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Appendix Table 2—Continued

Outcome

Worry, intrusive thoughts, fear, and
perceived risk

Study, Year (Reference)

Timing of
Assessment
after Screening

Finding and Statistical
Significancet

Outcome Assessment

Worry about illness Aro et al., 2000 (34) 2 mo FP more, not significant  Illness Attitudes Scale (reference 58),
12 mo FP more, not significant subscale (4 items)
Worry about breast cancer Aro et al., 2000 (34) 2 mo FP significantly more Ad hoc (1 item)
12 mo FP significantly more
Worry Gram et al., 1990 (43) 18 mo No effect (direction of NR
null effect NR)
Worry about breast cancer Lerman et al., 1991 (31); 3 mo FP significantly more Ad hoc (1 item)
Lerman et al., 1991 (48)
Worry about breast cancer Lipkus et al., 2000 (49) Varied FP significantly more Ad hoc (2 items)
Worry about breast cancer Sandin et al., 2002 (54) 2 mo FP significantly more Ad hoc (1 item)
Worry about breast cancer Scaf-Klomp et al., 1997 (55) 8-10 wk FP significantly more Ad hoc (1 item)
8 mo FP significantly more
Intrusive thoughts Aro et al., 2000 (34) 2 mo FP significantly more Ad hoc (1 item)
12 mo FP significantly more
Increased concerns about breast Lerman et al., 1991 (31); 3 mo FP significantly more Ad hoc (1 item)
cancer Lerman et al., 1991 (48)
Fear of breast cancer Sandin et al., 2002 (54) 2 mo FP significantly more Ad hoc (1 item)
Fear of cancer Scaf-Klomp et al., 1997 (55) 8-10 wk FP significantly more Ad hoc (8 item)
8 mo FP significantly more
Fear of death Aro et al., 2000 (34) 2 mo FP less, not significant lliness attitude scale (reference 58),
12 mo FP less, not significant subscale (3 items)
Fear of illness Aro et al., 2000 (34) 2 mo FP more, not significant  Illness attitude scale (reference 58),
12 mo FP more, not significant subscale (6 items)
Perceived risk for breast cancer Aro et al., 2000 (34) 12 mo FP significantly more Ad hoc (1 item)
Perceived likelihood of breast cancer  Aro et al., 2000 (34) 12 mo FP significantly more Ad hoc (5 items)
Perceived likelihood of breast cancer  Lipkus et al., 2000 (49) Varied FP significantly more Ad hoc (2 items)
Perceived likelihood of breast cancer  Pisano et al., 1998 (15) Varied FP significantly more NR
Perceived likelihood of breast cancer ~ Sandin et al., 2002 (54) 2 mo FP more, not significant ~ Ad hoc (1 item)
Perceived severity of breast cancer Aro et al., 2000 (34) 12 mo FP less, not significant Ad hoc (6 items)
Perceived severity of breast cancer Pisano et al., 1998 (15) Varied FP less, not significant NR
Depression
Generalized symptoms of Aro et al., 2000 (34) 2 mo FP more, not significant ~ Beck Depression Inventory (reference
depression 12 mo FP more, not significant 71) (21 items)
Generalized symptoms of Barton et al., 2004 (35) 3 mo FP more, not significant ~ HSCL (reference 68), subscale
depression
Generalized symptoms of Bull and Campbell, 1991 (39) 6 wk FP more, not significant ~ Hospital Anxiety and Depression Scale
depression (reference 69), subscale (7 items)
Generalized symptoms of Ellman et al., 1989 (42) 3 mo No effect General Health Questionnaire
depression (reference 59) (28 items), subscale
Generalized feelings of sadness, Jatoi et al., 2006 (45) Varied FP significantly more K6 Questionnaire (reference 70) (3 of
worthlessness, everything being 6 items)
an effort
Generalized feelings of hopelessness  Jatoi et al., 2006 (45) Varied FP more, not significant K6 Questionnaire (reference 70) (1 of
6 items)
Generalized symptoms of Lampic et al., 2001 (46); 3 mo FP significantly less Hospital Anxiety and Depression Scale
depression Lampic et al., 2003 (47) 12 mo FP significantly less (reference 69), subscale
Generalized symptoms of Lipkus et al., 2000 (49) Varied No effect (direction of Center for Epidemiologic Studies
depression effect NR) Depression Scale, short form
(reference 72)
Generalized symptoms of Sandin et al., 2002 (54) 2 mo FP less, not significant SCL-90-R (reference 60), subscale
depression
Generalized symptoms of Scaf-Klomp et al., 1997 (55) 8-10 wk FP more, not significant ~ Hospital Anxiety and Depression Scale
depression 8 mo FP more, not significant (reference 69), subscale

* All variables assessed by self-report. BSE = breast self-examination; FP = false-positive mammogram; HSCL = Hopkins Symptoms Checklist; K6 = Kessler 6; SCL-90
= Symptoms Checklist-90; SCL-90-R = Symptoms Checklist-90-Revised.

T The term “significant” refers to statistical significance (P < 0.05, 2-tailed test) of the bivariate relationship of receiving a false-positive mammogram to the outcome.
Although we report the direction of results that do not reach statistical significance to allow the possibility of detecting trends in the data, the text of the paper summarizes
the studies as finding an increase or decrease only when the effects are statistically significant.
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