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ABSTRACT
PURPOSE We undertook a study to assess whether women with false-positive
mammography have worse psychosocial consequences if managed with a
workup that involves a biopsy (invasive group) than if managed with only additional imaging (noninvasive group).
METHODS We performed subgroup analysis of a cohort study of 454 women

with abnormal screening mammography and 908 matched control women with
normal results. Using a condition-specific questionnaire (Consequences of Screening in Breast Cancer), we assessed 12 psychosocial consequences at 5 time points
(0, 1, 6, 18, and 36 months after final diagnosis) and compared the 2 groups of
women with false-positives (invasive and noninvasive management groups).
RESULTS Among the 252 women with false-positive mammography eligible for

this study, psychosocial consequences were similar for those managed invasively
and those managed noninvasively during the 36 months of follow-up. In 60
comparisons (12 scales and 5 time points), differences between the groups were
never statistically significant (P <.01) and the point estimates for the differences
were always close to zero. The psychosocial consequences of women with falsepositive results, regardless of management, fell between those of women with
normal mammography and those of women determined to have breast cancer.
CONCLUSIONS We found no evidence that use of more invasive diagnostics

was associated with worse psychosocial consequences. It is therefore reasonable to pool subgroups of women with false-positives in a single analysis. The
invasiveness of subsequent diagnostic procedures does not help to identify
women at higher risk for adverse psychosocial consequences of false-positive
mammography.
Ann Fam Med 2015;13:242-249. doi: 10.1370/afm.1762.
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he psychological consequences of false-positive findings are among
the important harms of mammography screening.1-3 Several observational studies have assessed these consequences and their results
have been summarized in systematic reviews. On average, women with
false-positive mammography experience more negative psychosocial consequences than women with normal mammography.4-9
It is possible that increasingly invasive diagnostic procedures after
positive mammography lead to worse psychosocial consequences.9
Women having such management will wait longer for final results, may
endure repeated consultations and investigations, and may think the invasiveness of the test is related with the likelihood of cancer.10-12 There is
little direct evidence, however, supporting this claim. Of the studies that
have looked into psychosocial consequences of mammography screening,
few stratified the analysis by type of diagnostic testing, and their results
seem conflicting. Worse psychosocial consequences in women undergoing increasingly invasive tests have been found in some studies11,13-15 but
not in others.16,17 The disparity is not inconsistent as the studies were not
powered to detect differences between subgroups of women with false-
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positives. Nevertheless, as a result, the field still lacks
a definitive answer as to whether psychosocial harm
increases with progressively more invasive tests.
There are 2 important reasons to assess whether
psychosocial harm increases when subsequent diagnostic tests are invasive. The first reason is methodologic: most studies have considered women with
false-positives to be homogenous enough that they can
be pooled together in a single category, and it is useful
to test whether this is a reasonable assumption.18 The
second reason has wider clinical relevance. Women
with false-positives vary widely in their psychosocial
response, and it would be useful to find predictors of
higher distress that could be used to target interventions. Diagnostic test invasiveness is attractive because
it can be unambiguously detected and it is actionable.
We have shown in a cohort of women screened
with mammography and followed-up for 36 months
that false-positives were associated with negative longterm psychosocial consequences.19 In the same cohort,
we now wanted to assess whether women with falsepositive mammography managed with a workup that
involved a biopsy (invasive group) had worse psychosocial consequences than women managed only with
additional imaging (noninvasive group).

METHODS
We used a fixed cohort design with repeated measurements. The protocol and a list of protocol deviations
are available as Supplemental Material, available at
http://www.annfammed.org/content/13/3/242/suppl/
DC1. The study was approved by the Danish Data
Protection Agency, 2007-41-0777; approval from the
ethics committee was not required.
Participants
This study was nested in a larger cohort study, and
details on participants and data collection methods
have been previously described.19 Briefly, from June 3,
2004, to June 2, 2005, women aged 50 to 69 years with
abnormal mammography findings were consecutively
enrolled from 2 screening programs (Copenhagen
and Funen, Denmark). For each woman with abnormal
findings, 2 additional women with normal findings
were selected (matched for screening clinic and day of
screening appointment). For this study, we selected the
subcohort of women with false-positive mammography.
Exposures
Women with false-positive mammography were
divided in 2 main exposure groups according to the
extent of workup. The first consisted of women who
underwent clinical examination, breast ultrasound, and
ANNALS O F FAMILY MEDICINE
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3-projection mammography (the noninvasive management group). The second had these 3 procedures plus
either fine-needle, core needle, or surgical biopsy (the
invasive management group). We excluded women
who were invited to repeat mammography in 3 to 6
months (early recall) from the main analysis. An earlier
study showed that women invited for early recall had
worse psychosocial consequences than those who had
immediate additional imaging11; thus, including women
with early recall in the noninvasive management group
would decrease the contrast between women managed
noninvasively and women managed invasively.
Our study had 36 months of follow-up and, in
Denmark, women are invited to screening every 24
months. In this study, however, we assumed that exposures did not change with time, that is, if a woman who
was in the noninvasive group at inception required an
invasive test 24 months later because of a suspicious
finding in her next screening round, she was still analyzed in the noninvasive group.
Outcomes
We assessed psychosocial consequences with a
condition-specific questionnaire—the Consequences
of Screening in Breast Cancer (COS-BC)—whose
content validity, psychometric properties, and invariance in relation to time have been previously demonstrated.20-22 This questionnaire consists of 2 parts: part
1 measures the psychosocial consequences of abnormal
screening mammography, and part 2 measures the
long-term psychosocial consequences of false-positives.
Higher scores on part 1 reflect greater negative psychosocial consequences. Higher scores on part 2
reflect changes in psychosocial dimensions, regardless
of whether this change was positive or negative.
Women with abnormal mammography results completed a baseline COS-BC when they attended the recall
clinic before they had their additional examinations,
while women with normal findings were mailed part 1 of
the COS-BC 1 week after receiving the letter with their
results. Subsequently, women from both groups were
mailed the COS-BC (parts 1 and 2) at the same time
points: 1, 6, 18, and 36 months after their final diagnosis.
Women were asked to return the questionnaires using a
prestamped return envelope. A reminder was sent within
2 weeks if no response was obtained.
We assessed 12 prespecified psychosocial consequences, 1 for each component of the COS-BC. In
part 1, we measured the following constructs: Sense
of Dejection, Anxiety, Negative Impact on Behavior,
Sleep Disturbance, Degree of Breast Self-Examination,
Negative Impact on Sexuality, and the 2 single items,
Feeling Less Attractive and Busy to Take My Mind
Off Things. In part 2, we measured the following
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constructs: Worries About Breast Cancer, Inner Calm,
Social Network, and Existential Values.
To assess the rigor of our main results, we performed 2 sensitivity analyses. In the first, we repeated
analyses after including in the noninvasive management group women who had early recall. In the second, we used a composite outcome supported by a
confirmatory factor analysis21: a sum-score of the raw
scores of all 29 items on part 1 of the COS-BC, which
can be more sensitive to differences in psychosocial
consequences than the individual scales because of its
larger number of items.
Confounders
We used the first questionnaire to collect data on 4
potential confounders: age, social class, employment,
and whether the woman lived alone. Age was treated
as a continuous variable.

whether lack of difference between groups could be
due to overly conservative significance, we also performed an analysis using only the composite sum-score
and a P <.05 significance.
Whenever an item on a scale was not completed,
we set the scale to missing. In addition, for the scale
about sexuality, women could reply that the items were
“not applicable.” In this case, we again set the scale to
missing. Missing single-items or scales set to missing
were not included in the analyses.
All analyses were performed with SAS 9.3 (SAS
Institute, Inc).

RESULTS
Selection of study participants is shown in Figure 1.
Of our original cohort of 1,362 screened women (454
women with abnormal screening mammography and
908 matched control women with normal results),
272 had false-positive mammography results and 252
were eligible for this study. Baseline characteristics of
women with noninvasive and invasive management are
displayed in Table 1.
We found no statistically significant differences
between groups in any psychosocial consequences at
any time point, either in unadjusted analyses (Figures
2 and 3) or in adjusted analyses (Table 2). In most

Statistical Analyses
We performed a post hoc subgroup analysis of a
cohort study to assess the psychosocial consequences
of false-positive screening mammography. Our sample
size was determined by the number of women attending screening in the study centers over a 1-year period.
Baseline data across the 2 categories of exposure
(invasive management vs noninvasive management) were
compared with the χ2 test for categorical data and with the Wilcoxon signed
Table 1. Baseline Characteristics of the Women With Falserank test for continuous variables.
Positive Mammography
We analyzed the mean score for
each outcome over time using linear
Management Group
regression models. We used both
Total
P
Noninvasive
Invasive
Characteristic
(N = 252)
Value
(n = 170)
(n = 82)
crude models and models adjusted for
the 4 potential confounders assessed.
Age-group, No. (%)
Generalized estimating equation
50-54 y
106 (42.1)
75 (44.1)
31 (37.8)
.74
55-59 y
62 (24.6)
42 (24.7)
20 (24.4)
methods were used to account for
60-64 y
43 (17.1)
27 (15.9)
16 (19.5)
repeated measurement on the same
≥65
y
41
(16.3)
26
(15.3)
15 (18.3)
woman. During follow-up, particiAge, median (IQR), y
56.8
56.8
57.0
.41
pation was likely influenced by the
(53.2-62.3)
(52.8-61.7)
(53.2-62.6)
exposure category and by the psyLiving alone, No. (%)
chosocial consequences; therefore,
No
173 (70.9)
121 (72.9)
52 (66.7)
.32
we used inverse probability weighting
Yes
71 (29.1)
45 (27.1)
26 (33.3)
Employment status, No. (%)
methods to address the potential dif23
Working
138 (56.6)
92 (55.4)
46 (59.0)
.83
ferential dropout.
Unemployed
8
(3.3)
6
(11.8)
2
(2.6)
With 12 outcomes and 5 time
Pensioned
98 (40.2)
68 (41.0)
30 (38.5)
points, we were able to perform up
Social class,a No. (%)
to 60 comparisons. Multiple testing
I (highest)
5 (2.1)
3 (1.8)
2 (2.6)
.64
was addressed in the following way.
II
36 (14.8)
26 (15.8)
10 (12.8)
For the analyses of the invasiveness of
III
49 (20.2)
29 (17.6)
20 (25.6)
management—our main interest—we
IV
87 (35.8)
60 (36.4)
27 (34.6)
assessed all 12 prespecified psychosoV
66 (27.2)
47 (28.5)
19 (24.4)
cial consequences and defined signifiIQR = interquartile range.
cance at the P <.01 level. To explore
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Figure 1. Diagram of participation showing the number of women with false-positives and type of
management.
30,000 population
screened in 1 year

590 abnormal results

136 (23.1%) not invited
or refused to participate

454 (76.9%) participants
with abnormal results

908 matched women
with normal results
8 (1.8%) excluded

174 (38.3%)
participants with
breast cancer

864 (95.2%)
participants with
normal results

272 (59.9%) participants
with false-positive results

170 (62.5%) participants managed
noninvasively

82 (30.1%)
participants managed invasively

20 (7.4%)
participants put
on early recall

Baseline: 174 (100%)

Baseline: 170 (100%)

Baseline: 82 (100%)

Baseline: 20 (100%)

Baseline: 863 (100%)

1 month: 152 (87.4%)

1 month: 153 (90%)

1 month: 67 (82%)

1 month: 12 (60%)

1 month: 703 (81.4%)

6 months: 139 (79.9%)

6 months: 131 (77%)

6 months: 60 (73%)

6 months: 10 (50%)

6 months: 642 (74.3%)

18 months: 138 (79.3%)

18 months: 138 (81%)

18 months: 67 (82%)

18 months: 11 (55%)

18 months: 666 (77.1%)

36 months: 136 (78.2%)

36 months: 132 (78%)

36 months: 62 (76%)

36 months: 15 (75%)

36 months: 719 (83.2%)

Current study

Original cohort

Notes: The response rates to the survey at baseline and 1, 6, 18, and 36 months are shown in the boxes. For completeness, the numbers and distribution of women in
the original cohort are also provided.

scales of part 1 of the COS-BC (Figure 2 and Table
2), women managed with invasive procedures seem to
experience more negative psychosocial consequences
than those managed noninvasively up to 6 months. At
subsequent time points, however, the pattern appeared
reversed: at 36 months, women managed invasively
seem to experience less psychosocial harm than those
managed with immediate mammography. We found
no consistent pattern in the scales measuring longterm consequences of breast screening (Figure 3 and
Table 2).
Our main results held up in 2 sensitivity analyses.
In the first, where we included data of women in the
noninvasive group who were put on early recall, results
again showed no statistically significant differences
between women managed invasively and noninvasively
(Supplemental Table 1, http://www.annfammed.org/
content/13/3/242/suppl/DC1). In the second, where we
used a more sensitive post hoc sum-score, we likewise
ANNALS O F FAMILY MEDICINE
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did not find any significant differences between groups
(Supplemental Figure 1, http://www.annfammed.org/
content/13/3/242/suppl/DC1).
Finally, psychosocial consequences for women
with normal results and women with breast cancer
are also presented in Figures 2 and 3 (the corresponding adjusted figures in Supplemental Tables 3 and 4,
http://www.annfammed.org/content/13/3/242/suppl/
DC1). These data, previously reported,19 are shown
here only to help to interpret our current results.
Women with normal mammography findings are
expected to be the least affected by mammography
and provide a lower bound for the COS-BC results
at each time point. Women with breast cancer are
expected to be the most affected and provide an upper
bound for the COS-BC results. The psychosocial consequences of women with false-positive results managed noninvasively and invasively are between these 2
groups in every time point.
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Figure 2. Psychosocial consequences of abnormal screening mammography over time, measured by
part 1 of the Consequences of Screening-Breast Cancer (COS-BC) questionnaire.
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Notes: The figure shows the mean score of each of the 6 scales and 2 single items of part 1 of COS-BC (y axis), for the 2 groups of women with false-positive mammography at 5 time points: 0, 1, 6, 18, and 36 months (y axis). The mean scores for women with breast cancer and women with normal mammography are also shown for
completeness. Higher scores indicate greater negative psychosocial outcome.
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Figure 3. Long-term psychosocial consequences of false-positive mammography over time, measured by
part 2 of the Consequences of Screening-Breast Cancer (COS-BC) questionnaire.
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Worries About Breast Cancer (range=0-4)
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Notes: The figure shows the mean score of each of the 4 scales of part 2 of COS-BC (y axis), for the 2 groups of women with false-positive mammography. The questions about long-term consequences were relevant only after women were informed of their diagnosis; therefore, they were assessed at 4 time points: 1, 6, 18, and
36 months (y axis). The mean scores for women with breast cancer and women with normal mammography are also shown for completeness. Higher scores reflect
changes in psychosocial dimensions, regardless of whether this change was positive or negative.

DISCUSSION
We did not find any evidence to support our hypothesis that increasing invasiveness of diagnostic procedures after positive mammography is associated with
worse negative psychosocial consequences. Regardless
of the nature of subsequent diagnostic tests, women
with false-positive mammography had psychosocial
consequences that were poorer than those of women
with normal results and better than those of women
with breast cancer.
Our results do not support the hypothesis of worse
psychosocial consequences in women managed with
invasive procedures. The best estimate for the difference in psychosocial consequences between women
managed invasively and noninvasively is close to zero.
The CIs are wide, however: they are compatible with
differences as large as one-third of the difference
between women with cancer and women with normal
results.19 Our study is therefore still compatible with
ANNALS O F FAMILY MEDICINE
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the previous studies that found an association of invasiveness and psychosocial harm.11,13-15 What is puzzling
is that although we had 60 comparisons (12 scales and
5 time points), the mean score differences were always
close to zero. If women managed invasively fared much
worse than women managed noninvasively, we would
expect to see the mean score differences to be centered on a large positive value.
In hindsight, our hypothesis had strong resonance
with clinicians but weak empirical support. The few similar previous studies available provide mixed results: 4 of
them suggested an association of invasiveness and psychosocial harm,13-15 whereas 2 found no difference.16,17
We can speculate that a small number of women needing invasive procedures could explain why 2 of the
studies found no difference. All studies, however, have
some methodologic shortcomings: none adjusted their
analysis for confounders, it is unclear whether subgroups
of women with false-positives were comparable at base-
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Table 2. Psychosocial Consequences of Women With False-Positive Mammography Managed Invasively
vs Noninvasively
Scale
(Possible Range)
Dejection (0-18)

b

Anxiety (0-18)b
Negative Impact on
Behavior (0-21)b
Negative Impact on
Sleep (0-12)b
Breast Examination
(0-6)b
Negative Impact on
Sexuality (0-6)b
Felt Less Attractive
(0-3)b
Keeping Mind Off
Things (0-3)b
Worries About Breast
Cancer (0-4)b
Inner Calm (0-4)b

Mean Difference Between Groups (CI)a
Baseline
–0.14
(–1.95 to 1.67)
–0.27
(–2.09 to 1.55)
–0.20
(–1.75 to 1.35)
–0.21
(–1.56 to 1.14)
0.09
(–0.54 to 0.73)
0.49
(–0.49 to 1.47)
–0.08
(–0.25 to 0.10)
0.16
(–0.24 to 0.55)
–

1 Month

6 Months

18 Months

36 Months

0.79 (–0.86 to 2.44)

0.17 (–0.94 to 1.29)

0.68 (–0.80 to 2.16)

–0.27 (–1.60 to 1.07)

0.84 (–0.76 to 2.44)

0.41 (–1.03 to 1.84)

0.44 (–0.77 to 1.65)

–0.71 (–2.38 to 0.96)

0.67 (–0.74 to 2.09)

0.37 (–1.06 to 1.79)

0.39 (–0.99 to 1.78)

–0.72 (–2.17 to 0.72)

0.75 (–0.41 to 1.90)

0.10 (–0.68 to 0.88)

0.54 (–0.97 to 2.05)

–0.62 (–1.94 to 0.71)

–0.06 (–0.60 to 0.48)

0.06 (–0.59 to 0.71)

–0.06 (–0.59 to 0.47)

–0.07 (–0.70 to 0.56)

0.15 (–0.44 to 0.73)

–0.14 (–0.88 to 0.61)

0.02 (–0.37 to 0.42)

–0.30 (–1.07 to 0.47)

0.02 (–0.13 to 0.17)

0.07 (–0.22 to 0.37)

0.12 (–0.21 to 0.45)

0.05 (–0.14 to 0.24)

0.15 (–0.19 to 0.48)

–0.04 (–0.32 to 0.24)

0.15 (–0.24 to 0.55)

–0.10 (–0.37 to 0.17)

0.29 (–0.17 to 0.74)

0.30 (–0.35 to 0.95)

0.06 (–0.43 to 0.56)

0.17 (–0.30 to 0.64)
–0.07 (–0.49 to 0.35)

–

0.05 (–0.38 to 0.48)

0.04 (–0.41 to 0.49)

0.23 (–0.26 to 0.72)

Social Network (0-6)b

–

0.31 (–0.14 to 0.76)

0.25 (–0.30 to 0.80)

0.20 (–0.28 to 0.69)

Existential Values
(0-12)b
Total sum-score of
COS-BC part 1 (0-87)c

–

0.65 (–0.56 to 1.86)

1.00 (–0.34 to 2.34)

0.33 (–0.98 to 1.64)

–0.55 (–1.57 to 0.48)

1.95 (–2.97 to 6.88)

0.08 (–3.12 to 3.29)

0.35 (–2.78 to 3.48)

2.72 (–9.69 to 4.25)

2.13
(–5.13 to 9.39)

0.22 (–0.23 to 0.67)

COS-BC = Consequences of Screening in Breast Cancer.
Notes: Women put on early recall were excluded from the analysis. All analyses were adjusted for age, social class, employment status, and whether the woman lived alone.
Positive differences indicate that women in the invasive group were more distressed than women in the noninvasive group; negative differences indicate that women
in the noninvasive group were more distressed than women in the invasive group.
a

b
c

Significance was defined at P <.01 and 99% CIs are presented.
Significance was defined at P <.05 and 95% CIs are presented.

line, and most of them did not address the fact that
attrition during follow-up is likely to be related to the
degree of psychosocial distress. In summary, most studies have suggested an association between invasiveness
and psychosocial consequences, but there are important
methodologic limitations in all cases.
Our contribution to this discussion lies in the
higher quality of our data and its analysis. This study
was conducted in a larger cohort, and it sustained a
high response rate during the 36 months of follow-up.
In addition, it used a condition-specific questionnaire,
which is more responsive to subtle reactions to screening than generic questionnaires.24,25 We applied inverse
probability methods to address the higher dropout rate
of women with worse psychosocial consequences, possibly generating differential attrition in the 2 groups.
Finally, our study was the first to adjust for important
confounders in the analysis (age, social class, employment status, and whether women lived alone).
Yet, there are 3 major methodologic concerns:
selection bias, residual confounding, and type II error.
First, we did not collect data of women who declined
to participate, and we cannot tell whether they are
ANNALS O F FAMILY MEDICINE
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systematically different from those included in the
study. As women declined to participate in the study
before knowing what kind of diagnostic tests would
be required, we think it is unlikely that participation
was associated with the type of tests performed after
the recall visit. Second, we did not adjusted for family
history of breast cancer, previous abnormal mammograms, or screenings being the first ever attended. Both
groups of women, however, had identical psychosocial
consequences on the baseline questionnaire. If there
were a strong residual confounding, we would see spurious differences between the 2 groups, even though
all women knew at that point was that their screening
test was abnormal. Third, type II error (ie, that a true
difference was missed) is a problem. To address this
issue, we performed 2 sensitivity analyses. In the first,
we increased the sample size by including women put
on early recall; in the second, we tried to increase the
power in our analysis by using a more sensitive outcome
(the sum-score) and the traditional .05 significance level.
Both analyses yielded results similar to those of our
main analysis: our best estimate is no effect of invasiveness, although it is imprecise. In summary, we think that
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neither selection bias nor residual confounding explains
why we found no differences according to the invasiveness of workup. It is possible that by adjusting for confounders and differential attrition, we have eliminated
some of the differences found in previous studies.

4. Brett J, Bankhead C, Henderson B, Watson E, Austoker J. The
psychological impact of mammographic screening. A systematic
review. Psychooncology. 2005;14(11):917-938.
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CONCLUSIONS
Recently, a systematic review suggested that the degree
of distress after a false-positive mammography is related
to the invasiveness of the subsequent workup.9 Our
study suggests that there is considerable uncertainty
surrounding this claim and that differences reported in
the studies included in the review could be explained by
confounding and differential attrition. On the basis of
our results, the invasiveness of diagnostic interventions
does not seem to help identify women at higher risk for
severe psychosocial distress after false-positive mammography. In other words, women who require only
clinical examination and additional imaging experience
the same degree of distress as women who undergo invasive procedures. As such, interventions to limit the psychosocial harm of mammography screening should focus
on reducing the total number of false-positive tests.
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