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A B S T R A C T

Purpose
This prospective study examined the factors that predicted sustained adherence to surveillance
mammography in women treated for breast cancer.

Methods
Breast cancer survivors (N � 204) who were undergoing surveillance mammography completed
questionnaires assessing mammography-related anticipatory anxiety, persistent breast pain,
mammography pain, and catastrophic thoughts about mammography pain. Adherence to mam-
mography in the following year was assessed.

Results
In the year after study entry, 84.8% of women (n � 173) returned for a subsequent mammogram.
Unadjusted associations showed that younger age, shorter period of time since surgery, and
having upper extremity lymphedema were associated with lower mammography adherence. Forty
percent of women reported moderate to high levels of mammography pain (score of � 5 on a 0
to 10 scale). Although mammography pain was not associated with adherence, higher levels of
mammography-related anxiety and pain catastrophizing were associated with not returning for a
mammogram (P � .05). The impact of anxiety on mammography use was mediated by pain
catastrophizing (indirect effect, P � .05).

Conclusion
Findings suggest that women who are younger, closer to the time of surgery, or have upper
extremity lymphedema may be less likely to undergo repeated mammograms. It may be important
for health professionals to remind selected patients directly that some women avoid repeat
mammography and to re-emphasize the value of mammography for women with a history of
breast cancer. Teaching women behavioral techniques (eg, redirecting attention) or providing
medication for reducing anxiety could be considered for women with high levels of anxiety or
catastrophic thoughts related to mammography.

J Clin Oncol 30:813-819. © 2012 by American Society of Clinical Oncology

INTRODUCTION

There are approximately 2.5 million women liv-
ing with breast cancer in the United States.1

Evidence-based guidelines regarding cancer sur-
veillance for breast cancer survivors recommend
annual mammography.2-4 Early detection by an-
nual mammography may increase survival rates
among women with local recurrences and new
breast cancers.5-12 Yet, studies suggest that 20% to
55% of breast cancer survivors do not undergo
annual surveillance mammograms.13-19

Previous studies of mammography adher-
ence have focused on women without a cancer
history. A large number of these studies examined

relationships between variables selected from
health behavior theories (eg, health belief model)
and mammography use.20,21 Findings regarding the
relationship between mammography adherence
and health behavior theory variables (eg, perceived
risk of cancer, perceived mammography benefits)
have been mixed.22-32 The factors that contribute to
sustained mammography use in breast cancer survi-
vors may differ from the variables identified in
women without a cancer history. The current study
focused on four variables that may be especially rel-
evant to breast cancer survivors—mammography-
related anticipatory anxiety, persistent breast pain,
mammography pain, and catastrophic thoughts
about mammography pain.
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The impact of anxiety on mammography use has been widely
studied in women without a cancer history. Two recent reviews33,34

synthesized this literature and found that most studies examined
the impact of general anxiety about getting cancer on mammogra-
phy adherence.26,27,35-38 General anxiety about getting cancer
seems to facilitate mammography use, especially when women
believe in the efficacy of mammography and have the resources to
obtain a mammogram.26,33 Less is known about the impact of
anxiety related to undergoing mammography itself (ie, anticipa-
tory anxiety). Studies suggest that mammography-related antici-
patory anxiety may contribute to poorer adherence39-41 because
women may avoid getting a mammogram to reduce their anxiety.
Mammography-related anticipatory anxiety may be an important
barrier to sustained mammography use in breast cancer survivors.
Mammography is cited as one of the most powerful triggers of
psychological distress for breast cancer survivors.42-45

Persistent breast pain and mammography pain may be of
high relevance for breast cancer survivors. More than 50% of
women treated for breast cancer experience persistent breast
pain.46,47 Women with persistent breast pain may be less willing to
undergo a mammogram that can cause additional pain. Moreover,
data suggest that persistent breast pain contributes to increased
pain during mammography.48-50 Although few data regarding
mammography pain are available for breast cancer survivors,
Kornguth et al51 examined pain during mammography among
breast cancer survivors and women with no cancer history. Results
showed that breast cancer survivors reported significantly more
pain during mammography compared with women with no can-
cer history.

Catastrophic thoughts about mammography pain (eg, the
pain will become overwhelming) may have important impli-
cations for mammography use in breast cancer survivors. The
cognitive-behavioral model of anxiety highlights the contribution
of catastrophic thoughts to increased avoidance of anxiety-
provoking situations.52-54 Numerous studies have shown that the
tendency to have catastrophic thoughts about pain contributes to
more intense pain, increased emotional distress, and avoidance of
activities likely to increase pain.55,56 In a study of healthy women,
Asghari and Nicholas57 found that catastrophic thoughts about
mammography pain were associated with greater pain during
the procedure.

In this study, breast cancer survivors who were undergoing rou-
tine surveillance mammography completed questionnaires assessing
mammography-related anticipatory anxiety, persistent breast pain,
mammography pain, and catastrophic thoughts about mammogra-
phy pain. Mammography use in the following year was assessed via
medical record. We hypothesized that women who had higher levels
of anticipatory anxiety and persistent breast pain would be less likely to
return for a subsequent mammogram. We also expected that women
who experienced greater mammography pain and had more cata-
strophic thoughts about mammography pain would be less likely to
return for a subsequent mammogram. Finally, we hypothesized that
higher levels of anticipatory anxiety and persistent breast pain before
mammography would contribute to more pain and catastrophic
thoughts during the mammogram, which would then lead to lower
rates of adherence.

METHODS

Participants

Participants were breast cancer survivors (stage I to IIIA) undergoing
surveillance mammography at Duke University in 2006 to 2007. Women had
completed surgery, radiation, and/or chemotherapy within the past 2 to 10
years. Women who had completed or were receiving adjuvant hormonal
therapy were eligible. Women were excluded if they did not speak English or if
they were surgically treated with bilateral mastectomy. Of the 247 women
approached, 210 (85%) agreed to participate. Six participants were excluded
from analyses as a result of cancer recurrence (n � 1) or an abnormal mam-
mogram result (n � 5).

Procedure

Immediately before undergoing mammography, women completed
questionnaires assessing demographic variables, anticipatory anxiety
about the mammogram, and persistent breast pain. Women then under-
went their mammogram. Immediately after the mammogram (but before
results were available), women completed measures of mammography
pain and catastrophic thoughts about mammography pain. Medical infor-
mation and mammography adherence data were collected via medical
record. Mammography use in the subsequent year was assessed 15 months
after questionnaire completion. For women with no record of a subsequent
mammogram, telephone follow-up was conducted to assess whether
women had received a mammogram in a clinic outside the Duke Univer-
sity hospital system. Two women reported obtaining a mammogram at an
outside clinic, and these women were considered adherent in the analysis.

All participants provided written informed consent. The study protocol
was approved by the Duke Institutional Review Board. Women were given $10
for participating in the study.

Measures

Demographic and medical information. Demographic information was
collected as part of the premammogram assessment. Medical information was
collected from medical records.

Mammography adherence. Mammography use in the year after study
entry was assessed via medical record. All women in this study received a
recommendation to complete a subsequent mammogram in 12 months.
Mammography adherence was defined as obtaining a subsequent mammo-
gram within 15 months. A 15-month interval was used to allow for possible
scheduling issues, because data suggest that rates of return for annual mam-
mography increase rapidly between 12 and 15 months and then become
mostly stable by 15 months.58

Past mammography use was assessed as a potential control variable.
Information on mammography use for the period of time after breast
cancer surgery until entry onto the study was collected via medical record.
The date of each mammogram was recorded. To allow for possible sched-
uling issues, the following intervals were used to define adherence for each
mammogram: an 8-month interval was used for mammograms recom-
mended in 6 months, and a 15-month interval was used for mammograms
recommended in 12 months. Past mammography adherence was defined
as obtaining consecutive mammograms within recommended intervals
before study entry.

Persistent breast pain. Persistent breast pain was assessed using four
items from the Brief Pain Inventory.59 Women rated the worst, least, and
average pain intensity during the past week and current pain (eg, “Please rate
your worst breast pain in the past week.”). Items were rated on a 0 (no pain) to
10 (pain as bad as you can imagine) scale. A composite pain measure based on
the average of these four ratings was computed (� � .91).

Anticipatory anxiety. An 11-item scale based on the Stanford Acute
Stress Reaction Questionnaire60-62 was used to assess mammography-
related anticipatory anxiety (eg, restlessness, difficulty sleeping, irritabil-
ity). This measure assesses acute anxiety reactions to a specific stressor,
which was specified as mammography. Women were instructed to rate the
extent to which they experienced each symptom of anxiety in the past week
including the day of the mammogram. Each item was rated on a 6-point
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scale (0 � not experienced; 5 � very often experienced). The 11 items
included in this scale were based on examination of item variability and
exploratory factor analysis.63 Items with adequate variability, factor load-
ings (� 0.30), and communalities (� 50%) were retained, resulting in an
11-item scale with a single factor solution. Items were summed to create a
total score, with higher scores indicating greater anxiety (� � .96).

Mammography pain. Pain during mammography was assessed using
four items from the Brief Pain Inventory.59 Women were asked to rate the
worst, least, and average pain intensity during mammography and current
breast pain. Each pain item was rated on a 0 (no pain) to 10 (pain as bad as you
can imagine) scale. A composite pain measure based on the average of these
four ratings was computed (� � .86).

Pain catastrophizing. The 13-item Pain Catastrophizing Scale64 assessed
the degree to which women had catastrophic thoughts about pain during the
mammogram (eg, “I became afraid that the pain would get worse.”). Each item
was rated on a 5-point scale (0 � not at all; 4 � always), and items were
summed to create a total score (� � .93).

Statistical Analyses

Descriptive analyses were conducted. Analyses revealed two variables
with non-normal distributions—anticipatory anxiety and pain catastrophiz-
ing. On the basis of recommendations for reducing the impact of extreme
values on parameters in logistic regression,65 these variables were rank order
transformed, and all subsequent analyses were conducted with the trans-
formed variables. To rank order transform each variable, the data were ranked
from lowest (one) to highest (n), and tied values were given an average rank.
Bivariate analyses (�2 and t tests) were conducted to examine the relationships
between participant characteristics and mammography adherence. Two logis-
tic regressions were conducted, one to test the impact of premammogram
variables (persistent breast pain and anticipatory anxiety) on subsequent
mammography adherence, and the other to examine the impact of experiences
during mammography (mammography pain and pain catastrophizing) on
subsequent mammography adherence. Each model controlled for participant
characteristics that were associated with mammography adherence in bivari-
ate analyses (P � .10).

Path model analysis was conducted to test whether experiences during
mammography mediated the impact of premammogram variables on subse-
quent mammography adherence. Mediation was tested using the approach66

recommended for analysis with categorical variables. Mplus 5.1 (Muthen &
Muthen, Los Angeles, CA)67 was used to calculate estimates for model param-
eters using robust weighted least squares estimation. The Sobel test68 and a
bootstrap approach for obtaining 95% CIs were used to test the significance of
indirect effects.

RESULTS

Sample Description

Table 1 lists participant characteristics. On average, women were
5.01 years (standard deviation, 2.28 years; range, 2 to 10 years) from
breast cancer diagnosis. More than half of the sample (62.3%) was
treated with breast-conserving surgery. The majority of women
(96.5%) received adjuvant therapy. Twenty-eight women (13.7%)
had upper extremity lymphedema.

Persistent breast pain was reported by 43% of women (n � 88),
with 38% of women reporting mild pain (rating of 1 to 4) and 5%
reporting moderate to severe pain (rating � 5). Mammography pain
was reported by 95% of women (n � 193), with 55% reporting mild
pain and 40% reporting moderate to severe pain. The majority of
women (85%) reported anticipatory anxiety. When using a cutoff of 3
(on a scale of 0 to 5) to indicate the presence of a symptom, 31% of
women (n � 63) reported experiencing three or more symptoms of

Table 1. Participant Demographics and Clinical Characteristics

Demographic or Clinical Characteristic

No. of
Participants
(N � 204) %

Age, years
Mean 59.5
SD 10.9
Median 59.0

Education, years
Mean 14.7
SD 2.7
Median 14.0

Ethnicity
White 177 86.7
Black or African American 25 12.3
Asian or Pacific Islander 2 1.0

Employment status
Working full or part time 91 44.6
Retired 82 40.2
On sick leave 3 1.5
Unemployed 25 12.3
Unknown/missing 3 1.5

Marital status
Married/living as married 144 70.6
Not married/living as married 60 29.4

Disease stage
I 100 49.0
II 89 43.6
IIIA 15 7.4

Surgical treatment
Breast-conserving surgery 127 62.3
Mastectomy with reconstructive surgery 40 19.6
Mastectomy without reconstructive surgery 37 18.1

Received radiation therapy 142 69.6
Received chemotherapy 110 54.2
Received hormonal therapy 177 87.6
Lymphedema 28 13.7
Years since breast cancer diagnosis

Mean 5.01
SD 2.28
Median 5.04

How breast cancer was detected
Mammogram 105 51.5
Clinical examination 19 9.3
Self-examination 74 36.3
Unknown/information unavailable 6 2.9

Past mammography adherence 170 83.3
Subsequent mammography adherence 173 84.8
Anticipatory anxiety score

Mean 10.2
SD 10.3
Median 7.0

Ongoing breast pain score
Mean 1.0
SD 1.6
Median 0

Mammography pain score
Mean 4.1
SD 2.3
Median 4.0

Mammography-related pain catastrophizing score
Mean 4.9
SD 7.8
Median 2.0

Abbreviation: SD, standard deviation.

Mammography Adherence After Breast Cancer Treatment
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anxiety. Approximately half of women (49%) reported catastrophiz-
ing about mammography pain.

Rates of Mammography Adherence

Most women (83.3%) received consecutive on-schedule mam-
mograms from breast cancer surgery to study entry. Among women
who were nonadherent, 30 women missed one recommended mam-
mogram, and four women missed two recommended mammograms.
Of the 34 women who missed one or more mammograms, 82% were
5 or more years from breast cancer diagnosis.

In the year after study entry, 84.8% of women (n � 173) received
a subsequent mammogram. Of the 31 women who did not complete a
subsequent mammogram, 61% were within 5 years of breast cancer
diagnosis. Past mammography use (from breast cancer surgery to
study entry) was not associated with subsequent mammography ad-
herence (P � .93), which may be a result of the concentration of past
mammography nonadherence in women who were 5 or more years
from breast cancer diagnosis.

Participant Characteristics Associated With

Mammography Adherence

Older age and greater time since breast cancer diagnosis were
associated with higher rates of subsequent mammography adher-
ence (Table 2). Women who had lymphedema were less likely to
undergo a subsequent mammogram compared with women with-
out lymphedema. Subsequent mammography adherence was not
associated with other participant characteristics.

Multivariate Logistic Regression Analyses

Each logistic regression included age, years since diagnosis,
and presence of lymphedema. Type of surgical treatment was also
included as a result of higher levels of mammography pain in
women treated with breast-conserving surgery compared with
mastectomy (mean score, 4.4 v 3.4, respectively; P � .04). Table 3
lists the adjusted odds of subsequent mammography adherence.
Women with higher levels of anticipatory anxiety were less likely to
undergo mammography (odds ratio, 0.97 per unit of anticipatory
anxiety; P � .03). For example, women with a median rank score
on anticipatory anxiety had 32% lower odds of undergoing a
subsequent mammogram than women who reported no anticipa-
tory anxiety (rank, 1). Persistent breast pain was not associated
with adherence. Women who had more catastrophic thoughts
about mammography pain were less likely to undergo a mammo-
gram (odds ratio, 0.93 per unit of pain catastrophizing; P � .02).
For example, women with a median rank score on pain catastro-
phizing had 27% lower odds of undergoing a subsequent mammo-
gram than women who reported no catastrophizing (rank, 1). Pain
during mammography was not associated with adherence.

Path Model Analysis Testing Mediation

Figure 1 displays the standardized path coefficients for the
model. Age, years since diagnosis, type of surgery, and lymphedema

Table 2. Unadjusted Demographic and Medical Correlates of Subsequent
Mammography Adherence

Variable

Adherent
(n � 173)

Nonadherent
(n � 31) P �

No. % No. %

Age, years .01
Mean 60.28 54.90
SD 10.66 11.25

Education, years .99
Mean 14.73 14.73
SD 2.76 2.06

Ethnicity† .48
White 150 87.2 26 83.9
Asian or Pacific Islander 2 1.2 0 0
Black or African American 20 11.6 5 16.1

Employment status‡ .39
Unemployed or sick leave 25 14.6 3 10.0
Retired 72 42.1 10 33.3
Working full or part time 74 43.3 17 56.7

Married 122 70.5 22 71.0 .97
Disease stage .84

I 86 49.7 14 45.2
II 74 42.8 15 48.4
IIIA 13 7.5 2 6.5

Breast-conserving surgery 105 60.7 22 71.0 .28
Radiation therapy 120 69.4 22 71.0 .89
Chemotherapy 93 53.8 17 54.8 .95
Hormonal therapy 152 87.9 25 80.6 .20
Lymphedema 20 11.6 8 25.8 .04
Years since breast cancer diagnosis .01

Mean 5.19 4.00
SD 2.22 2.40

Breast cancer detected by mammogram 92 53.2 13 41.9 .34
Adherent to past mammography 144 83.2 26 83.9 .93

Abbreviation: SD, standard deviation.
�Age, education, and years since breast cancer diagnosis were examined

using independent t tests. The remaining categorical variables were examined
using �2 tests.

†In �2 analysis, ethnicity was coded as white or Asian/Pacific Islander � 0,
and African American or black � 1. Ethnicity was missing for one participant.

‡Employment status was missing for three participants.

Table 3. Multivariate Logistic Regression Analyses of
Mammography Adherence

Variable Odds Ratio 95% CI P

Premammogram variables
Years since breast cancer diagnosis 1.21 0.99 to 1.46 .06
Age (in years) 1.04 0.99 to 1.08 .09
Lymphedema� 0.34 0.12 to 0.94 .04
Type of surgical treatment† 0.45 0.58 to 3.50 .45
Ongoing breast pain 1.09 0.84 to 1.41 .51
Mammography-related anxiety‡ 0.97 0.94 to 0.99 .04

Variables during mammography
Years since breast cancer diagnosis 1.21 1.00 to 1.47 .05
Age (in years) 1.05 1.01 to 1.09 .02
Lymphedema 0.38 0.14 to 1.05 .06
Type of surgical treatment 1.65 0.64 to 4.25 .30
Mammography pain 1.12 0.90 to 1.38 .28
Mammography-related pain catastrophizing‡ 0.93 0.88 to 0.99 .02

NOTE. Mammography adherence was coded as 0 � nonadherent/did not
complete a subsequent mammogram within 15 months, and 1 � adherent/
completed subsequent mammogram within 15 months.

�Lymphedema was coded as 0 � no lymphedema, and 1 � patient
had lymphedema.

†Type of surgical treatment was coded as 0 � breast-conserving surgery,
and 1 � mastectomy.

‡Variable was rank order transformed.
.
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were included in the model. Higher anticipatory anxiety (� � 0.46;
P � .001) contributed to greater pain catastrophizing during mam-
mography, and anxiety accounted for a significant proportion of the
variance in pain catastrophizing (R2 � 24%). Greater pain catastro-
phizing contributed to lower mammography adherence (� � �0.22;
P � .03). The impact of anxiety on mammography adherence was
mediated by pain catastrophizing (indirect effect, � � �0.10; 95% CI,
�0.20 to �0.004; Sobel test Z � �2.04; P � .04). The indirect
relationship between anxiety and mammography adherence ac-
counted for 48% of anxiety’s total effect on adherence.

DISCUSSION

This study extends previous research on mammography adherence by
examining breast cancer survivors at the time of surveillance mam-
mography. Several important findings emerged. First, higher levels of
anticipatory anxiety and pain catastrophizing were associated with
poorer mammography adherence. Second, the impact of anticipatory
anxiety on mammography adherence was mediated by pain catastro-
phizing. Finally, examination of unadjusted correlations showed that
younger age, a shorter period of time since diagnosis, and having
upper extremity lymphedema were associated with lower mammog-
raphy adherence.

Many studies have examined the relationship between anx-
iety and mammography adherence in women without a cancer
history.26,27,35-38 Contradictory findings across studies make it dif-
ficult to draw conclusions from this literature. Consedine et al33

suggest that the relationship between anxiety and mammography
adherence varies across different sources of anxiety. Women could
be anxious about cancer in general, particular aspects of undergoing
mammography, or receiving an abnormal result. Although anxiety
about cancer in general may lead to greater adherence, anxiety about
particular aspects of the procedure may contribute to poorer adher-
ence.33 We found that the effects of anticipatory anxiety were medi-
ated by pain catastrophizing. Although anticipatory anxiety might
have been related to a variety of aspects of mammography, its effects
on adherence were mainly explained by a tendency to have cata-
strophic thoughts during the mammogram.

It is possible that reports of mammography-related anxiety
and catastrophizing reflect women’s level of general anxiety. Data
suggest that rates of anxiety are elevated among breast cancer
survivors, with up to 40% of cancer survivors meeting criteria for

depression or anxiety disorders.69-72 General anxiety has been identi-
fied as an important barrier to mammography adherence in women
without a cancer history.73,74 Future studies are needed to further
examine the impact of general anxiety and mammography-related
anxiety on adherence.

Studies in women without a cancer history report that 41% to
46% of women implicate pain during their prior mammogram as the
reason for not returning.75,76 Instead, our findings underscore the
importance of addressing pain catastrophizing and anticipatory anx-
iety. Pain catastrophizing has been described as the cognitive precur-
sor to pain-related fear and avoidance.77 Evidence suggests that pain
catastrophizing leads to avoidance of pain-inducing activities in the
context of acute pain.55,78,79 Our findings suggest that women who
have more catastrophic thoughts are less likely to return for subse-
quent mammography.

This study has several limitations. First, the nonexperimental
design prevents making causal attributions about the relationships
between anxiety, catastrophizing, and adherence. Future research is
needed to evaluate these potential cause and effect relationships. Sec-
ond, data collected from a university medical center may not general-
ize to community hospitals. In addition, these data were collected in
North Carolina and may not generalize to other areas. Third, women
in our sample were observed by oncologists. Studies suggest that breast
cancer survivors who are observed by oncologists are more likely to
have mammograms than women observed by primary care provid-
ers.15,80 Finally, it will be important in future studies to examine
whether anticipatory anxiety and catastrophic thoughts about pain
predict adherence above and beyond health behavior theory variables
(eg, perceived risk of cancer).

Past studies indicate that 20% to 55% of breast cancer survivors
do not undergo annual mammography.13-19 Studies have reported
similar rates of mammography nonadherence across breast cancer
survivors in health maintenance organizations,81 Surveillance, Epide-
miology, and End Results registries,15,18 controlled trials,82 and com-
munity settings.14,17 In this study, mammography adherence rates
were high, with only 14% of women missing a mammogram from
breast surgery to study entry, 13% missing a mammogram in the year
following study entry, and only 2% missing mammograms both be-
fore and after study entry. It is noteworthy that 15% of women failed
to complete a mammogram in the year after study entry, because this
sample was selected from a population of breast cancer survivors who
were undergoing surveillance mammograms. Consistent with prior

Anticipatory 
anxiety

Pain catastrophizing

Subsequent 
mammography 

adherence

β = .46* 

β = -.11 

β = -.22* β = -.15

β = .19

β = .18

β = .09

Age

Years since 
diagnosis

Lymphedema

Type of 
surgery

Fig 1. The impact of anticipatory anxiety on
subsequent mammography adherence was
mediated by pain catastrophizing. Age, years
since breast cancer diagnosis, lymphedema,
and type of surgery were included in the
model as control variables. Direct paths were
estimated between these three variables and
subsequent mammography adherence.
Lymphedema was coded as follows: 0 � no
lymphedema; 1 � patient had lymphedema.
Type of surgical treatment was coded as
follows: 0 � breast-conserving surgery; 1 �
mastectomy. Mammography adherence was
coded as follows: 0 � nonadherent/did not
complete a subsequent mammogram within
15 months; 1 � adherent/completed subse-
quent mammogram within 15 months. (*)
P � .05.
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studies,13,15 our data suggest that for many women, mammography
adherence varies from year to year.

The results of this study suggest clinicians should be aware that
women who are younger, closer to the time of surgery, or have upper
extremity lymphedema may be less likely to undergo repeated mam-
mograms. Special attention should be paid to women who have cata-
strophic thoughts about mammography pain and those who report
symptoms of mammography-related anxiety. Teaching women be-
havioral techniques (eg, redirecting attention) or providing medica-
tion for reducing anxiety could be considered for women with high
levels of anxiety or catastrophic thoughts related to mammography.
Alternatively, it may be sufficient for health professionals to remind
selected patients directly that women sometimes avoid repeat mam-
mography because of anxiety or concerns about pain and to re-
emphasize the value of mammography for women with a history of
breast cancer.
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