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Abstract

Background.—Persistent breast pain (PBP) is prevalent among breast cancer survivors and has
powerful negative psychological consequences. The present study provided a first test of the
hypothesis that: a) pain catastrophizing, b) heightened perceived risk of cancer, and c) worry that
pain indicates cancer may be independent mediating links between breast cancer survivors’
experiences of PBP and heightened emotional distress.

Methodology.—We assessed levels of PBP and psychological factors in breast cancer survivors
(Survivor Group: n=417; Stages I-111A; White=88.7%; Age M=59.4 years) at their first
surveillance mammogram post-surgery (615 months). A comparison group of women without
histories of breast surgery or cancer (Non-cancer Group: n=587; White=78.7%; Age M=57.4
years) was similarly assessed at the time of a routine screening mammogram. All women
completed measures of: breast pain, pain catastrophizing, perceived breast cancer risk, and worry
that breast pain indicates cancer, as well as measures of emotional distress (symptoms of anxiety,
symptoms of depression, and mammaography-specific distress). Analyses included race, age, BMI,
education, and menopausal status as covariates, with significance set at 0.05.

Results.—As expected, PBP prevalence was significantly higher in the Survivor Group than in
the Non-cancer Group (50.6% vs. 17.5%). PBP+ survivors also had significantly higher levels of
emotional distress, pain catastrophizing, mammography-specific distress, and worry that breast
pain indicates cancer, compared to PBP- survivors. Structural equation modeling results were

"Correspondence should be addressed to: Dana H. Bovbjerg, Ph.D., Biobehavioral Oncology Program, UPMC Hillman Cancer Center,
Shadyside Medical Building, Room 614.2, 5200 Centre Avenue, Pittsburgh PA 15232, Tel: 412-623-5965, Fax: 412-623-5980,
bovbjergdh@upmc.edu.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Bovbjerg et al.

Page 2

significant for all hypothesized mediational pathways. Interestingly, comparisons of PBP+ to PBP-
women in the Non-cancer Group showed similar results.

Conclusion.—These findings suggest the importance of: a) pain catastrophizing, b) perceived
breast cancer risk, ¢) and worry that breast pain may indicate cancer, as potential targets for
interventions aimed at reducing the negative psychological impact of persistent breast pain in post-
surgery breast cancer survivors, as well as in unaffected women with PBP due to unknown

reasons.
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Introduction

For the more than 300 million patients per year who undergo surgical treatments worldwide,
acute pain due to tissue damage and/or inflammation is an expected, and nearly universal,
experience during the normal healing process over the initial days to weeks following
surgery [1, 2]. However, continued pain at or near the surgical site lasting 3—-6 months or
longer is considered to be a distinct adverse outcome, which has been defined as “persistent’
or ‘chronic’ post-surgical pain [1, 3]. Chronic or persistent pain is a common problem
following a wide range of surgery types and has been found, in both cross-sectional and
longitudinal studies, to have substantial negative psychological effects that reduce quality of
life [4-8].

The negative impact of persistent pain following surgical treatment for breast cancer is a
particularly important clinical problem because: 1) the prevalence of persistent breast pain
(PBP) is relatively high compared to other types of surgery [9]; 2) traditional approaches to
managing persistent pain (e.g. long term opioids) are increasingly recognized as being
ineffective in relieving pain and are accompanied by problematic side effects [5, 10]; 3)
there are millions of breast cancer survivors around the world [11, 12]; and, 4) PBP has
substantial negative psychological sequelae [4, 11]. In a widely cited nationwide cross-
sectional study (n=3253) from Denmark, 47% of women reported having pain in the surgical
area two to three years after undergoing a mastectomy or breast conserving surgery for
primary breast cancer, and 13% reported severe pain [13]. A recent meta-analysis of PBP
following breast cancer surgery reported a median prevalence of 37.5% across 23 studies,
and found high-quality evidence of increased risk for PBP associated with age, axillary
lymph node dissection, and radiotherapy [14]. With regard to the negative psychological
consequences, breast cancer survivors with PBP have been found to have significantly
heightened levels of emotional distress (e.g., symptoms of depression and anxiety) compared
to survivors without PBP, even years after successful completion of treatment [15].

The possibility that potentially modifiable psychological factors (e.g., pain catastrophizing)
may contribute to the heightened levels of emotional distress among breast cancer survivors
with PBP has received little attention in the literature, despite considerable evidence for this
role in other chronic pain populations [8, 16, 17]. In cross-sectional survey studies of breast
cancer survivors, pain catastrophizing (magnification, helplessness, and rumination about
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pain) have consistently been found to be elevated in the women with PBP [4, 6, 18, 19].
These findings have largely been interpreted from the perspective of pain catastrophizing as
a possible etiological factor contributing to the risk of developing PBP following surgery.
However, a recent meta-analysis of prospective studies examining psychological factors as
predictors of subsequent PBP did not find trait or state psychological factors to have a
significant downstream impact on PBP [20]. The alternative hypothesis, that heightened pain
catastrophizing in women already experiencing PBP may be predictive of heightened
emotional distress - is modeled statistically for the first time in the present cross-sectional
study, recognizing that significant associations found here must be interpreted cautiously
until causal relationships can be confirmed in subsequent prospective longitudinal studies
and/or intervention studies testing specific hypotheses about mediational psychological
mechanisms.

The present study is also the first to: 1) examine two breast cancer specific psychological
factors (worry that breast pain may indicate cancer and perceived risk of a breast cancer
recurrence or new primary diagnosis) as additional possible statistical predictors of
heightened emotional distress in women with PBP; 2) investigate the possibility that despite
the lower prevalence of PBP, the same psychological factors may also be statistical
predictors of heightened emotional distress in women without cancer, (who have PBP due to
unknown causes); and, 3) assess these psychological factors at the time women are receiving
a routine breast cancer screening mammogram, a particularly salient time point emotionally
for patients and a time that our previous research has found emotional distress levels to be
predictive of subsequent non-adherence to guidelines for mammography screenings [21].
Results have implications for the development and implementation of innovative
psychological interventions to reduce emotional distress in women with PBP.

Material and methods

Methods

The data for the present study of PBP were collected as part of a multisite study (R01-
CA131148, Francis Keefe, PI) of women’s experiences of their first surveillance
mammogram following receipt of breast-conserving surgical treatment for breast cancer
(Survivor Group), compared to the experiences of a group of women with no history of
breast surgery or cancer (Non-cancer Group) undergoing a routine screening mammaogram.
Study methods and procedures have been previously described [22] and are briefly
summarized below, with more details available online (Supplementary material, Section I).

Participants

Breast cancer survivors (Survivor Group) were recruited at their first surveillance
mammogram following breast conserving surgery for a primary diagnosis of non-metastatic
breast cancer. A comparison group of women with no history of breast surgery or cancer
(Non-cancer Group) was contemporaneously recruited from the same imaging clinics at the
time of a routine screening mammogram.

Acta Oncol. Author manuscript; available in PMC 2020 May 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Bovbjerg et al.

Procedures

Measures

Page 4

The Survivor Group (N=417) had a mean age of 59.4 years (SD=11.2); 88.7% self-identified
as White; 50.4% had a college degree; 69.3% were married/partnered; 82.7% were post-
menopausal. The Non-cancer Group (N=587) had a mean age of 57.4 years (SD=9.1);
78.7% White; 58.9% college degree; 63.9% married/partnered: 72.7% post-menopausal. In
the Survivor Group compared to the Non-cancer Group, women were significantly (p<.05)
older, had higher BMI scores, were less likely to be African American, had less education,
and were more likely to be post-menopausal.

As previously described [22], Institutional Review Boards at both sites reviewed and
approved the protocol and all participants provided written informed consent.

As previously described [22], self-report questionnaires were used to assess all variables in
the study except for information related to breast cancer diagnosis and treatment, which was
collected from electronic medical records. Variables assessed included: breast pain [23];
pain-related variables (e.g., pain location) [23]; pain catastrophizing specifically linked to
the triggering stimulus of pain associated with breast compression during mammography
(modified Pain Catastrophizing Scale) [24]; mammography-specific distress (modified
Stanford Acute Stress Reaction Questionnaire) [21, 25]; perceived breast cancer risk [26];
breast cancer worry [22]; depression and anxiety symptoms (Hospital Anxiety and
Depression Scale) [27, 28].

Statistical analyses

Descriptive statistics were computed and bivariate analyses conducted to examine whether
the Survivor and Non-cancer Groups differed (p<.05) on demographic or medical variables.
Variables that differed (p<.05) by group were included as covariates in subsequent analyses;
these included race, age, BMI, education, and menopausal status. Group differences in
breast pain-related variables, pain catastrophizing, perceived cancer risk, worry that breast
pain indicates cancer, and emotional distress were examined using logistic regression,
ordinal regression, and analysis of covariance (ANCOVA) models as appropriate. Pairwise
group comparisons were examined using a Bonferroni correction (overall a=.05 for each
dependent variable).

Structural equation modeling (SEM) was used to evaluate relationships between PBP, pain
catastrophizing, worry that pain indicates cancer, perceived breast cancer risk, and emotional
distress. Separate models were conducted for the Survivor and Non-cancer Groups. The
structure of the model appears in Figure 1. Race, age, BMI, education, and menopausal
status were included in each model as covariates because these variables were related (p<.
05) to study variables in bivariate analyses. Number of body pain locations (excluding
breast) was also included as a covariate in the model to control for the potential relationships
between other pain conditions and study variables. The Sobel test [29] and 95% confidence
intervals [30, 31] were used to examine the significance of indirect effects. Several fit
indices were used to examine model fit: root means square error of approximation (RMSEA;
<.08 indicates acceptable fit), the standardized root mean square residual (SRMSR; <.08

Acta Oncol. Author manuscript; available in PMC 2020 May 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Bovbjerg et al. Page 5

indicates acceptable fit), and the comparative fit index (CFI; >.90 indicates acceptable fit)
[32, 33]. We also examined total R2 for each endogenous variable in the model.

Results

Persistent breast pain in breast cancer survivors and women with no history of breast
surgery or cancer

The prevalence of women with persistent breast pain (PBP+) in the Survivor and Non-cancer
Groups was compared using logistic regression analyses. Women in the Survivor Group
were significantly more likely to be PBP+ than in women in the Non-cancer Group (50.6%
vs. 17.5%, respectively; OR=5.3, p<.001, 95% CI=3.9 to 7.2). Survivors were also
significantly more likely to have clinically significant breast pain (i.e., pain intensity >3)
than women in the Non-cancer Group (21.8% vs. 4.8%, respectively; OR=5.6, p<.001, 95%
Cl=3.5 to 8.9). Additionally, survivors were more likely to have experienced clinically
significant levels of PBP (i.e., pain intensity =3 and duration =6 months) (17.3% vs. 3.7%;
OR=4.9, p<.001, 95% CI=2.9 to 8.2). See online Supplementary Material Section Il for
additional information regarding PBP-related results.

Persistent breast pain and psychological adjustment

Table 1 provides comparisons of psychological variables by the four groups defined by PBP
+/- within the Survivor and Non-cancer Groups. Overall, significant differences were found
among these four groups for anxiety (F(3,945)=13.5, p<.001, 12=.04), depression
(F(3,945)=8.3, p<.001, n2=.03), mammography-specific distress (F(3,911)=130.4, p<.001,
n2=.3), perceived breast cancer risk (F(3,935)=16.1, p<.001, n2=.05), pain catastrophizing
(F(3,939)=10.5, p<.001, ?=.03), and worry (Wald x?(3)=307.8, p<.001, McFadden pseudo
R2=.2).

As indicated in Table 1, comparisons between PBP+ and PBP- women in the Survivor
Group, revealed significantly greater anxiety, depression, mammography-specific distress,
catastrophizing, and worry in the PBP+ survivors, although they did not differ on perceived
risk of breast cancer. These differences between PBP+ and PBP- women in the Survivor
Group were largely paralleled in the Non-cancer Group.

Structural equation models

Figure 1 displays the tested model for the Survivor Group with standardized path
coefficients indicating independent associations. The overall fit of the model was acceptable
(RMSEA=.07, SRMR=.03, and CF1=.95). The model accounted for 58% of the variance in
emotional distress, 25% of the variance in worry, 13% of the variance in perceived risk, and
9% of the variance in pain catastrophizing. Having PBP was significantly related to higher
pain catastrophizing (p=.14, p=.003) and greater worry (p=.31, p<.001). PBP was not
associated with perceived risk (p=.08, p=.11). While path coefficients indicated that PBP
was not directly associated with emotional distress (p=—.08, p=.10), the total effect
(including direct and indirect effects) indicated a significant positive relationship between
PBP and emotional distress (f=.23, p<.001). Higher pain catastrophizing was directly
related to greater worry (B=.22, p<.001), higher perceived risk (f=.11, p=.04), and greater
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emotional distress (f=.35, p<.001). Greater worry (p=.47, p<.001) and higher perceived risk
(p=.22, p<.001) were significantly related to greater emotional distress.

If an indirect effect is statistically significant, it can be considered to support a mediation
hypothesis. We hypothesized that pain catastrophizing, worry, and perceived risk would
mediate the relationship between PBP and emotional distress; statistically significant
indirect effects were found for pain catastrophizing (p=.05, 95% CI=.01 to .08, Z=2.7, p=.
008) and worry (p=.15, 95% CI=.09 to .20, Z=5.2, p< .001). The indirect effect for PBP on
emotional distress via perceived risk was not significant (p=.10). We also hypothesized that
worry and perceived risk would mediate the relationship between pain catastrophizing and
emotional distress; a statistically significant indirect effect was found for worry (=.10, 95%
Cl=.051t0 .16, Z=4.0, p<.001) and a trend was found for perceived risk ($=.03, 95% Cl=-.
001 to .05, Z=1.9, p=.06). The indirect effect for worry was much larger in magnitude than
the indirect effect for perceived risk. See online Supplementary Material Section Il for more
detailed information.

The SEM model described above was also tested in the Non-cancer Group and a similar
pattern of results was found. See online Supplementary Material Section |1 for detailed
information.

Discussion

In this cross-sectional study conducted at the time of a routine mammography examination
for breast cancer, we found a 50.6% prevalence of PBP in women who had undergone
surgery for primary breast cancer (Survivor Group, n=417), which was significantly higher
than the 17.5% prevalence in women without a history of breast surgery or cancer (Non-
cancer Group, n=586), as was expected [22, 34]. Interestingly, comparisons between women
with and without PBP in the Survivor Group were paralleled by differences in women with
and without PBP in the Non-cancer Group with regard to nearly all assessed pain-related
variables and psychological variables. Moreover, structural equation modeling of the data
from both the Survivor and Non-cancer Groups also revealed similar mediational
relationships between PBP and psychological factors in the two groups.

Consistent with study hypotheses, both general and breast cancer-related psychological
factors were higher among survivors with PBP compared to survivors without PBP. The
heightened emotional distress in survivors with PBP is consistent with our own prior work
and that of others using cross-sectional and longitudinal approaches to examining
psychological factors associated with PBP following breast cancer surgery [4, 19, 22, 35], as
well as the broader literature on persistent pain following surgery in other clinical contexts
[36]. We also found higher levels of mammography-specific distress in survivors with PBP,
which has not previously been reported and is suggestive of a broader psychological impact
of PBP.

The higher levels of pain catastrophizing we found in breast cancer survivors with PBP
compared to those without PBP are consistent with prior studies of persistent pain following
breast cancer surgery, as well as with studies of persistent post-surgical pain more broadly
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[36, 37]. We also found higher levels of worry that breast pain indicates cancer in PBP+
breast cancer survivors, which, to our knowledge, has not been previously reported. Our
work is also, to our knowledge, the first to compare these psychological variables in women
with and without PBP who do not have a history of breast surgery or cancer. We found that
even in this Non-cancer Group, women with PBP had significantly higher levels of general
anxiety symptoms, pain catastrophizing, and worry that breast pain indicates cancer
compared to women without PBP. For these variables, the levels seen in women with and
without a history of breast surgery and cancer were not significantly different, suggesting a
strong psychological impact of PBP whatever its etiology may be. While our study’s
inclusion of comparisons between survivors and women without cancer is novel, our
findings in women without cancer histories are entirely consistent with a voluminous
literature on psychological correlates of chronic pain in the general population; whatever its
etiology, people with chronic pain at various bodily sites have been consistently found to
experience heightened levels of anxiety, as well as other negative psychological outcomes
[6, 38, 39].

To explore potentially modifiable psychological sources of variability in emotional distress
associated with PBP in breast cancer survivors (levels of anxiety symptoms, depression
symptoms, and mammography-specific distress), we employed structural equation
modeling. Results were consistent with both a direct pathway between pain catastrophizing
and emotional distress (a latent factor created from the three assessed psychological
variables), as well as an indirect pathway via higher levels of worry that pain may indicate
cancer. Consistent with study hypotheses, the model revealed for the first time in the
literature that pain catastrophizing, perceived breast cancer risk, and worry were
independently related to variability in survivors’ levels of emotional distress. More
importantly, catastrophizing and worry statistically mediated the relationship between PBP
and emotional distress. Interestingly, application of the model to women without cancer
histories revealed the same pattern of results. Together, these findings again suggest that,
whatever the source of PBP, the impact of psychological factors may be similar for survivors
and women without cancer histories. Although additional research is necessary to establish
the structural equation modeling pathways as causal, the present results highlight pain
catastrophizing, perceived risk of breast cancer, and worry that pain may indicate cancer as
important potential targets for intervention.

The results should be interpreted with due caution. We do not know the extent to which the
results might be different if the same variables were assessed in women not adherent for
mammography. It is possible that effects of PBP on cancer worry might be even stronger
among women avoiding screening mammograms, consistent with theorizing by Klein and
Ferrer regarding the role of interactions between cognitive risk perceptions and emotional
perceptions of risk in predicting motivation to take protective action against health threats
[40, 41]. Based on the findings reported in the present study, additional research is now
warranted to examine these issues.

The present study has a number of limitations, as well as strengths that should be kept in
mind when considering the implications of the results. Strengths include the relatively large,
multi-site, sample of breast cancer survivors, all of whom had undergone breast-conserving
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surgery and were assessed at the clinically uniform time of their first mammogram
surveillance for breast cancer following surgery. While the inclusion of a comparison group
of women without a history of breast surgery or cancer is a major strength of the study, the
need to control for some demographic differences between the groups was a limitation of the
study, which should be addressed by more extensive matching procedures in future research.
The principal limitation is the cross-sectional nature of the data collection, which can only
establish associations among variables consistent with potential causal connections. The
results of the SEM analyses presented here do not rule out causal connections in the opposite
direction. Prospective longitudinal study designs and randomized testing of interventions
that specifically target constructs and relationships seen in this initial study (e.g., effects of
intervention-induced changes in pain catastrophizing on emotional distress levels) are now
needed to explore causal pathways. Multiple assessments over time in conjunction with
targeted interventions would also allow investigation of the possible reciprocal involvement
of psychological factors in the maintenance of PBP. The possible role of psychological
factors in maintaining PBP is consistent with biopsychosocial theorizing and results of
clinical studies [4, 20], as well as emerging basic science theorizing and evidence regarding
the role of a dynamic pain connectome in chronic pain [42].

In conclusion, our findings suggest the potential importance of pain catastrophizing,
perceived breast cancer risk, and worry that breast pain may indicate cancer, as targets for
interventions to reduce the negative psychological impact of persistent breast pain in the
substantial proportion of breast cancer survivors who develop PBP following surgical
treatment. Findings further suggest that targeting these same psychological factors may also
be helpful for women without a history of breast surgery or cancer, who have PBP due to
unknown reasons.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.

Structural equation model for breast cancer survivor group. *p<.05.

Persistent breast pain total effect (including direct and indirect effects) = .23, p<.001
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Anxiety
R?=50%

Depression
R%=35%

Acute stress
response
R?=58%

Note: Standardized path coefficients are displayed. Analyses included race (O=non-white,
1=white), age, BMI, education (0=no college degree, 1=college degree or more education),
menopausal status (O=pre/peri menopausal, 1=post-menopausal), and number of body pain
locations (excluding breasts) as covariates. Persistent breast pain group coded as O=breast
cancer survivor group without persistent pain, 1=breast cancer survivor group with persistent

pain. Direct paths were included in the model from each of the control variables to the

emotional distress latent variable and the observed variables for worry, pain catastrophizing,
and perceived risk. Disturbance terms were allowed to correlate for the observed anxiety and

depression variables, and the anxiety and mammography-distress distress variables.
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