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Abstract
Objective This study aims to examine the associations be-
tween musculoskeletal pain and health-related quality of life
(HR-QOL) among breast cancer patients on aromatase inhib-
itors (AIs) and women without a history of breast cancer.
Methods A cross-sectional study was conducted among 68
breast cancer patients on AIs for an average of 3.5 years and
137 postmenopausal women without a history of cancer.
Musculoskeletal pain was assessed using a 10-cm visual an-
alog scale; HR-QOL was examined using the Medical Out-
comes Study Short Form (SF-36) health survey. Linear re-
gression was used to estimate the associations between pain
and HR-QOL in both groups.
Results Approximately 64 % of the breast cancer patients and
women in the comparison group reportedmusculoskeletal pain.
Among women with breast cancer, those with pain had signif-
icantly lower HR-QOL scores in the physical (52.2 vs. 42.6;
p<0.001) and mental (52.7 vs. 45.5; p=0.01) component sum-
mary scores compared with those without pain. In the compar-
ison group, pain was associated with significantly lower scores
in the physical (55.4 vs. 46.0; p<0.001), but not the mental,
component summary score (52.1 vs. 52.4; p=0.82). The sig-
nificant associations between pain and HR-QOL persisted after
confounder adjustment in both groups. Among women with
similar severity of pain, breast cancer patients reported signif-
icantly lower HR-QOL in the mental summary component
compared with the women in the comparison group.

Conclusions Among breast cancer patients, musculoskeletal
pain adversely affects both mental and physical components
of HR-QOL. Preventing or treating AI-associated musculo-
skeletal pain may improve overall HR-QOL among breast
cancer patients treated with AIs.
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Introduction

The majority of women with breast cancer are candidates for
therapeutic hormonal interventions [1]. Tamoxifen, a selective
estrogen receptor modulator (SERM), was the gold standard
for treating women with estrogen receptor positive (ER+)
forms of breast cancer for many decades until the introduction
of aromatase inhibitors (AIs) [2–4]. Proven to be superior to
tamoxifen in reducing recurrence and prolonging disease-free
survival [5–7], AIs are now first line therapy for postmeno-
pausal women with hormone responsive breast cancer [8, 9].
SERMs and AIs have different mechanisms of action and
adverse side effect profiles. Serious adverse effects such as
endometrial cancer and venous thromboembolism are less
likely to be reported in women on AIs compared with tamox-
ifen users [10–12]. However, women on AIs are more likely
than women on tamoxifen to report musculoskeletal pain
[13–15].

The etiology of the musculoskeletal pain remains uncer-
tain, and there is no consensus on the treatment and manage-
ment of the women who report pain. Randomized clinical
trials report that 5–35 % of women taking AIs experience
musculoskeletal symptoms, depending on how the symptoms
were assessed and categorized [15]. Outside of the random-
ized clinical trial setting, the prevalence of musculoskeletal
symptoms is higher, with studies reporting up to 50 % of
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women on AIs experiencing symptoms; some of these symp-
toms are so severe that they require rheumatologic referral
[16–21].

A major challenge with the proper assessment of these
musculoskeletal symptoms is separating symptoms attribut-
able to AI use from other forms of arthritis, as there is no way
to distinguish the drug-induced musculoskeletal aches and
pains from other causes of the symptoms. Musculoskeletal
symptoms such as joint pain increase with age, especially after
the menopausal transition [22–25]. A recent study conducted
in women on AIs and a comparison group of postmenopausal
women found that the AI-associated symptoms usually pres-
ent as symmetric pain with a predominant location in the
hands, wrists, and feet [26].

Prior studies in noncancer populations have shown that the
adverse effect of musculoskeletal pain goes beyond its phys-
ical effect on reduced function and activity limitation as it may
also negatively affect an individual’s emotional and social
well being [27]. Furthermore, development of musculoskele-
tal pain in women with breast cancer could have a more
exaggerated impact on health-related quality of life (HR-
QOL) relative to women without a history of breast cancer
due to potential distress from a cancer diagnosis. Although
randomized clinical trials have evaluated the impact of AI
therapy on HR-QOL [28–33], because the musculoskeletal
symptomswere an unexpected adverse effect, the studies were
not designed to assess the specific association between these
musculoskeletal symptoms and HR-QOL.

The objective of this cross-sectional study was to examine
the associations between musculoskeletal symptoms and HR-
QOL (physical and mental components) in women with breast
cancer treated with AIs and a comparison group of women
without breast cancer.

Methods

Study population

This cross-sectional study was conducted in a cohort of wom-
en with and without breast cancer enrolled in a study at Mercy
Medical Center, Baltimore MD between September 2006 and
November 2009. The prospective cohort study assessed the
incidence of musculoskeletal symptoms in women with breast
cancer on AIs within the first 6 months of initiating therapy.
Details of the study design and the original cohort have been
previously described [26]. Briefly, women with breast cancer
were enrolled from the Hoffberger Breast Center and the
Medical Oncology practice prior to initiating treatment with
AIs. Study participants were postmenopausal, had
nonmetastatic (stages I–III) breast cancer, and had completed
their surgical treatment and, if indicated, chemotherapy and/or
radiation therapy for breast cancer. The participants in the

comparison group were women receiving routine screening
mammography or gynecologic care and were enrolled through
the Weinberg Center for Women’s Health and Medicine. In
both groups, women with a history of rheumatoid arthritis or
any other cancer except nonmelanoma skin cancer or cervical
cancer in situ were ineligible. Written informed consent was
obtained from each study participant. The Mercy Medical
Center Institutional Review Board approved the study
protocol.

A follow-up of the original study cohort was conducted in
September 2011, an average of 3.5 years from participant
enrollment in the parent study. Women were mailed a self-
administered questionnaire to obtain data on changes to their
medical history as well as to assessmusculoskeletal symptoms
and HR-QOL. Of the 289 participants (95 with breast cancer
and 194 in the comparison group) who completed the baseline
assessment, 12 women (ten with breast cancer and two in the
comparison group) were deceased at the time of the follow-up.
Six of the women with breast cancer died from breast cancer-
related deaths (metastatic disease); the other deaths among the
breast cancer patients were noncancer related. Causes of death
in the two women in the comparison group were unknown.
Thus, 277 follow-up questionnaires were mailed, with ten
undeliverable because the participants had moved and had
no forwarding address. A repeat mailing was sent to nonre-
spondents with follow-up telephone calls to women who did
not return completed questionnaires within 3 weeks of the
mailing. Of the 267 women who received the follow-up
questionnaire, 211 women (69 with breast cancer and 142 in
the comparison group) agreed to participate in the follow-up
study by returning completed questionnaires, for a response
rate of 82.1 and 76.7 % in women with breast cancer and the
comparison group, respectively.

In the breast cancer group, responders and nonresponders
were similar in demographics, including age, race, marital
status, and education. There were also no statistically signif-
icant differences in musculoskeletal pain including proportion
reporting pain and reported severity of musculoskeletal pain at
the last study assessment (6 months). In the comparison
group, nonresponders were more likely to be nonwhite
(26.8 % vs. 11.6 %; p=0.009) and to report joint pain at the
last study assessment (79.3 vs. 48.8 %; p=0.003) compared
with nonresponders.

Five women in the comparison group who had been re-
cently diagnosed with cancer (breast and ovarian) and one
woman in the breast cancer group whose disease had
progressed to metastatic breast disease were excluded from
the analysis. Thus, the final sample size for the cross-sectional
study was 68 women with breast cancer and 137 postmeno-
pausal women without a history of breast cancer. Of the 68
women with breast cancer who responded to the follow-up
questionnaire, 16 (23.5 %) had discontinued AI therapy at the
time of follow-up.
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Study variables

Musculoskeletal pain The questionnaire included the same
detailed assessment of musculoskeletal symptoms (muscle,
joint, and bone) that was used in the parent study [26].
Participants were queried on the presence of muscle, joint,
or bone pain over the previous 4 weeks, including an assess-
ment of frequency, duration, and severity. Average severity of
pain (in the past 4 weeks) was assessed using a 10-cm visual
analogue scale (VAS). Respondents were classified as having
musculoskeletal pain (bone, muscle, and joint) if they indicat-
ed a >0 pain on the VAS. The highest score reported for any of
the pain types (joint, muscle, and bone) was used as a measure
of the severity of overall (any) musculoskeletal pain for each
study participant.

Health-related quality of life Study participants completed the
Medical Outcomes Study short form 36 questionnaires (SF-
36) [34]. The SF-36 is a widely used nondisease-specific
instrument for assessing HR-QOL, designed for self-
completion or for administration by an interviewer. The ques-
tionnaire has been validated in the cancer population aswell as
in the general population [35–37]. High internal consistency
of the SF-36 subscales has been reported with Cronbach’s
alpha in the range of 0.68 to 0.94 [37]. Questions in the SF-
36 refer to the 4-week time period prior to the completion of
the questionnaire. The instrument captures both the physical
(physical functioning, role limitations due to physical health
problems, bodily pain, and general health perceptions) and
mental (vitality-energy/fatigue, social functioning, role limita-
tions because of emotional problems, and general mental
health) aspects of health in eight subscales [34]. Responses
for each domain were transformed into a score of 0–100, with
higher scores indicating better HR-QOL. Summary scores
(physical and mental) were computed from the responses to
the different HR-QOL subscales for each study participant
using a weighted algorithm through a computer-based pro-
gram provided by Quality Metrics.

Other covariates Self-reported information was obtained on
demographics including age (years), race (white vs. non-
white), education (years), and marital status (married vs. sin-
gle, divorced, or widowed) at the baseline visit. Body mass
index (BMI) was calculated based on self-reported height and
weight obtained from each study participant and further clas-
sified as normal/ underweight (<25 kg/m2), over weight (≥25
to <30) or obese (≥30). Study participants were also queried
on their health history including past and current medical
diagnoses. For the purposes of this study, a score was calcu-
lated by summing up the total number of health conditions
reported by each participant (other than breast cancer) with
each health condition contributing equal weight. All women
with breast cancer ever treated with an AI were grouped

together in the analysis regardless of treatment switches or
therapy discontinuation.

Data analyses

Analyses were conducted within each group (cancer /non-
cancer) to examine the association between HR-QOL and
presence of musculoskeletal pain. To assess the impact of
current AI use, we also conducted the analysis within the
breast cancer group stratified by current AI use (currently
treated/discontinued AI). Within each group, comparisons
were made between those with and without pain. Demograph-
ic and clinical characteristics (age, race, marital status, educa-
tion, BMI, and health conditions) by musculoskeletal pain
status among the women with breast cancer and those in the
comparison group were compared using t tests for continuous
variables and Chi-square and Fisher exact tests for categorical
variables.

Musculoskeletal pain was analyzed as a dichotomous
(yes/no) variable and as a continuous variable (0–10), as
reported on the VAS. Analyses were conducted separately
for each of the three pain types (joint, muscle, and bone).
An overall measure of musculoskeletal pain severity (any
pain) was also derived using the highest score reported for
any of the pain types (joint, muscle, and bone) for each
study participant. Additionally, musculoskeletal pain se-
verity was classified into mild (VAS 0–3), moderate (VAS
>3–6), and severe pain (VAS >6–10); these categories
have been shown to be valid and to yield reproducible
assessments in patients with cancer and in the noncancer
population [38–39].

Analysis of variance (ANOVA) was used to evaluate dif-
ferences in the mean HR-QOL score by severity (categorical)
of musculoskeletal pain (any, muscle, joint, and bone). All
analyses were conducted for the two summary component
scores (physical and mental) and subsequently for each of
the eight subscales. Linear regression models were used to
estimate the independent associations of any musculoskeletal
pain (continuous) with HR-QOL adjusting for factors associ-
ated with both musculoskeletal pain and HR-QOL. Separate
regression models were developed for the two composite
dimensions of HR-QOL (physical component summary
(PCS) and mental component summary (MCS)) in women
with and those without breast cancer. A stepwise method was
used to add each potential confounding factor to the model.
Age, race, marital status, education, and clinical factors, in-
cluding BMI and number of health conditions, were adjusted
for in the analysis. Regression models in women with breast
cancer also adjusted for cancer treatment variables—prior
chemotherapy, prior radiation, and current use of AI therapy.

An alpha level of p≤0.05 (two tailed) was established for
significance in all statistical analyses, which were conducted
using SAS statistical software v. 9.2.
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Results

Patient characteristics

In the analytic sample, musculoskeletal pain was reported in
64.7 and 63.5 % of the women with breast cancer and the
comparison group, respectively. Characteristics of study par-
ticipants, stratified by musculoskeletal pain status within the
breast cancer and the comparison groups, are presented in
Table 1. There were no statistically significant differences in
age, race, marital status, and education among those with
musculoskeletal pain compared with those without pain
among the women with breast cancer. Among women with
breast cancer, women who discontinued treatment were more
likely to report pain compared with those currently treated
(68.8 vs. 63.5 %), although the difference was not statistically
significant (data not shown). Similarly, within the comparison
group, no demographic variables were significantly associated
with musculoskeletal pain. In both groups, subjects with mus-
culoskeletal pain tended to report a higher number of health
conditions compared with those without pain, although the

difference was not statistically significant. In the breast cancer
group, the mean time since diagnosis was approximately
4 years. Time since breast cancer diagnosis and time since
chemotherapy and/or radiation treatment were not significant-
ly associated with presence of musculoskeletal pain.

Health-related quality of life

Table 2 shows the associations between musculoskeletal pain
and HR-QOL subscales according to breast cancer status.
Patterns of association varied by cancer status; among women
with breast cancer, women with musculoskeletal symptoms
reported statistically significantly lower scores in all HR-QOL
subscales assessed compared with women without pain.
Women who were currently taking AI had a slightly higher
mean score both in the PCS score (48.3 vs. 46.6) and in the
MCS score (47.1 vs. 43.8) compared with women that
discontinued AI treatment, although the difference was not
statistically significant. In the noncancer group, all physical
component subscales (physical functioning, role-physical,
general health, and bodily pain) and two mental health

Table 1 Characteristics of breast cancer patients and the comparison group by musculoskeletal pain

Breast cancer (n=68) Comparison group (n=137)

No pain (n=24) Pain (n=44) p value No pain (n=50) Pain (n=87) p value

Age (mean (SD), years) 63.8 (9.3) 65.7 (10.0) 0.46 64.3 (8.7) 64.8 (7.8) 0.73

Race (n (%))

White 18 (75.0) 32 (72.2) 1.00 43 (86.0) 79 (90.8) 0.39
Nonwhite 6 (25.0) 12 (27.3) 7 (14.0) 8 (9.2)

Marital status (n (%))

Married/partnered 16 (66.7) 25 (58.1) 0.60 30 (60.0) 58 (66.7) 0.43
Singlea 8 (33.3) 18 (41.9) 20 (40.0) 29 (33.3)

Education (mean (SD), years) 14.5 (2.5) 14.9 (3.0) 0.62 16.2 (2.7) 16.0 (2.3) 0.65

BMI (kg/m2, n (%))

Less than 25 9 (37.5) 14 (31.8) 0.89 24 (48.0) 41 (47.1) 0.21
25.0–29.9 9 (37.5) 18 (40.9) 18 (36.0) 22 (25.3)

30.0 or greater 6 (25.0) 12 (27.3) 8 (16.0) 24 (27.6)

No of health conditionsb (mean (SD)) 3.8 (2.4) 4.8 (3.8) 0.28 4.2 (2.2) 4.7 (2.6) 0.33

Years since breast cancer diagnosis (mean (SD)) 4.2 (1.1) 4.1 (1.2) 0.80 N/A N/A N/A

Breast cancer treatment (n (%))

Prior chemotherapy 11 (45.8) 15 (34.1) 0.34 N/A N/A N/A
Prior radiation 15 (62.5) 27 (61.4) 0.93

Current aromatase inhibitor therapy 18 (75.0) 34 (77.3) 0.83

Values are means (standard deviation) or (n (%))

*p values less than 0.05 are considered significant
a Includes single, divorced, widowed, and separated
b Includes diabetes, high cholesterol, heart attack, chest pain, stroke, TIA, poor circulation, blood clots, arrhythmia, high blood pressure, pacemaker/
defibrillator, osteopenia/osteoporosis, fractures, hyperthyroid disease, hypothyroid disease, thyroid nodules, arthritis, fibromyalgia, lupus, gout, gall
bladder disease, colon or rectal polyps (benign), diverticulititis/diverticulosis, ulcerative colitis/crohns, chronic indigestion, celiac disease, irritable bowel
syndrome, kidney stone, end stage renal disease, asthma, emphysema or chronic bronchitis, seizures, migraine headaches, endometriosis, uterine
fibroids, ovarian cysts, anxiety, and depression
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subscales (vitality and social functioning) were lower in wom-
en with musculoskeletal pain compared with women without
pain. Role emotional, mental health, and the composite mental
health summary score were not significantly associated with
musculoskeletal pain among women in the comparison group.

The diagnosis of breast cancer, even in the absence of
musculoskeletal pain, may affect HR-QOL. To assess this,
analyses were also conducted stratifying by presence or ab-
sence of pain and then comparing those with and without
breast cancer (Table 3). Among women with musculoskeletal
pain, women with breast cancer reported significantly lower
HR-QOL in all subscales assessed except bodily pain (54.4 vs.
59.7; p=0.18) and the PCS (42.6 vs. 46.0; p=0.06) compared

with the women without breast cancer. By contrast, in the
group without musculoskeletal pain, there were no statistically
significant differences in the HR-QOL subscales except for
physical functioning comparing women with and without
breast cancer.

For the association between pain severity and HRQOL,
analyses were conducted according to categories of pain se-
verity (low, moderate, and severe), stratified by breast cancer
status. The results are displayed in Fig. 1. Both the breast
cancer and the noncancer groups had evidence of a dose–
response trend in the physical component of the HR-QOL
assessment; specifically, increasing severity of pain was asso-
ciated with poorer physical HR-QOL. However, the patterns

Table 2 Health-related quality of life (HR-QOL) subscales by breast cancer and presence of any pain

Breast cancer Comparison group

Pain (n=44) No pain (n=24) p value Pain (n=89) No pain (n=48) p value

Physical functioning 64.7 (26.0) 83.7 (19.9) 0.003* 76.4 (23.7) 92.3 (10.6) <0.001*

Role physical 61.3 (29.5) 83.4 (26.6) 0.004* 77.2 (23.1) 90.8 (16.4) <0.001*

Bodily pain 54.4 (23.2) 84.8 (11.1) <0.001* 59.7 (19.9) 89.0 (18.3) <0.001*

General health 60.0 (21.6) 77.8 (15.3) <0.001* 71.0 (17.4) 81.3 (17.8) 0.001*

Vitality 46.9 (21.7) 65.1 (19.3) 0.001* 58.1 (16.6) 67.1 (17.9) 0.004*

Social functioning 69.6 (26.7) 93.2 (14.7) <0.001* 83.1 (19.8) 93.2 (15.5) 0.003*

Role emotional 70.9 (28.7) 86.2 (18.9) 0.02* 89.0 (17.0) 91.9 (16.0) 0.37

Mental health 67.1 (20.7) 81.3 (12.3) 0.003* 76.3 (14.8) 79.6 (15.0) 0.22

Physical component summary 42.6 (10.4) 52.2 (6.7) <0.001* 46.0 (9.1) 55.4 (6.0) <0.001*

Mental component summary 45.5 (11.5) 52.7 (8.7) 0.01* 52.4 (8.1) 52.1 (8.4) 0.82

Values reported are means (standard deviation)

*p<0.05, denotes that the HR-QOL score in women with musculoskeletal symptoms compared with women without symptoms is significantly different
among women with breast cancer and in the comparison group

Table 3 Health-related quality of life (HR-QOL) subscales by presence of any pain and breast cancer

Pain No pain

Cancer (n=44) Comparison (n=89) p value Cancer (n=24) Comparison (n=50) p value

Physical functioning 64.7 (26.0) 76.4 (23.7) 0.01* 83.7 (19.9) 92.3 (10.6) 0.02*

Role physical 61.3 (29.5) 77.2 (23.1) 0.001* 83.4 (26.6) 90.8 (16.4) 0.17

Bodily pain 54.4 (23.2) 59.7 (19.9) 0.18 84.8 (11.1) 89.0 (18.3) 0.32

General health 60.0 (21.6) 71.0 (17.4) 0.002* 77.8 (15.3) 81.3 (17.8) 0.41

Vitality 46.9 (21.7) 58.1 (16.6) 0.001* 65.1 (19.3) 67.1 (17.9) 0.67

Social functioning 69.6 (26.7) 83.1 (19.8) 0.001* 93.2 (14.7) 93.2 (15.5) 1.00

Role emotional 70.9 (28.7) 89.0 (17.0) <0.001* 86.2 (18.9) 91.9 (16.0) 0.21

Mental health 67.1 (20.7) 76.3 (14.8) 0.004* 81.3 (12.3) 79.6 (15.0) 0.64

Physical component summary 42.6 (10.4) 46.0 (9.1) 0.06 52.2 (6.7) 55.4 (6.0) 0.05*

Mental component summary 45.5 (11.5) 52.4 (8.1) <0.001* 52.7 (8.7) 52.1 (8.4) 0.77

Values reported are means (standard deviation)

*p<0.05, denotes that the mean HR-QOL score in women with breast cancer and the comparison group is statistically significantly different among
women with musculoskeletal pain and those without pain
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were different between women with breast cancer and the
comparison group for the mental component. A trend of
poorer mental component with increasing severity of pain
was noted among breast cancer patients but not amongwomen
in the comparison group.

Potential differences in HR-QOL among subjects with
similar severity of musculoskeletal pain between the cancer
and noncancer groups were also assessed. Among women
with similar severity of musculoskeletal pain, breast cancer
patients with moderate and severe pain also reported signifi-
cantly lower HR-QOL in the MCS but not PCS relative to the
comparison group (Fig. 2).

The association between musculoskeletal pain and HR-
QOL was also examined adjusting for confounders among
both the women with breast cancer and the comparison
group. Table 4 shows the unadjusted and adjusted associ-
ations between musculoskeletal pain and the physical and
mental components of HR-QOL, stratified by group. In
both the unadjusted and adjusted analyses, musculoskeletal
pain was significantly associated with both the physical
(−2.1; p<0.001) and mental (−1.8; p<0.001) dimensions

of HR-QOL among women with breast cancer. We ob-
served that race was independently associated with both
the PCS and MCS in women with breast cancer. Sensi-
tivity analysis conducted limiting the analysis to only
subjects that were still on AI (n=42) yielded similar
results. A significant association was only observed for
the physical health domain (−2.2; p<0.001) in the com-
parison group.

Discussion

The study identified differences in the association of muscu-
loskeletal pain on HR-QOL in women with breast cancer
compared with the women without a history of breast cancer.
Among those with breast cancer, women with musculoskele-
tal pain reported significantly lower HR-QOL in all subscales
assessed, including the physical and mental summary compo-
nents. By contrast, in the comparison group, the impact of

Fig. 1 Health-related quality of
life (physical component
summary and mental component
summary) by severity of any
musculoskeletal pain (low, 0–<3;
moderate, 3–<6; and severe, 6–
10) in women with breast cancer
and comparison group. Values
reported are means. *p<0.05,
significant difference of the HR-
QOL score by severity of
musculoskeletal pain among
women with breast cancer and in
the comparison group

Fig. 2 Health-related quality of
life (physical component
summary and mental component
summary) by severity of any
musculoskeletal pain (low, 0–<3;
moderate, 3–<6; and severe, 6–
10) in breast cancer and
comparison group. *p<0.05,
significant difference of the HR-
QOL score among women with
breast cancer and the comparison
group by severity of
musculoskeletal pain
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musculoskeletal pain was only observed in the physical but
not the mental health summary component of HR-QOL.

Furthermore, increasing pain severity had an incremental
adverse effect on physical HR-QOL that was similar among
women with breast cancer and women in the comparison
group. However, the association between increasing pain se-
verity and lower mental health HR-QOL was only observed
among the women with breast cancer. Comparing women
with breast cancer to the women without a history of breast
cancer, among those with similar severity of musculoskeletal
pain, women with breast cancer reported lower mental HR-
QOL. This is the first study, to our knowledge, that has
examined the specific association between AI-associated mus-
culoskeletal pain and HR-QOL in women with breast cancer.

The incremental adverse effect of musculoskeletal symp-
toms on the physical HR-QOL subscales such as physical
functioning and bodily pain found in both groups is not
surprising, particularly among women with breast cancer.
Women have likened the musculoskeletal symptoms experi-
enced while taking AIs to “feeling like they aged suddenly”
[40]. The results of this study provide an objective measure of
the association between this side effect and well-being.

Musculoskeletal symptoms were significantly associated
with the mental HR-QOL of women with breast cancer
experiencing musculoskeletal pain but not among the cancer-
free women with pain. One can only speculate that for women
with breast cancer, musculoskeletal pain may raise concern
about metastatic disease, thus causing more anxiety and dis-
tress than among women without a history of cancer. Prior
studies have reported that up to 30 % of women with breast
cancer experience psychological distress many years after the
completion of their primary treatment [41], and pain may be a

factor in this distress. The findings from the study suggest that
musculoskeletal pain rather than the diagnosis of cancer may
be a source of distress, as mental HR-QOL in the absence of
pain was similar to the comparison group. The fear of cancer
recurrence has been shown to be associated with psychological
distress [42, 43] and lower HR-QOL [42]. van den Beuken-van
Everdingen and colleagues, in their study of 136 women with
breast cancer, also found that pain was a strong predictor of
overall fear and of fear of cancer recurrence [43]. Thus, mus-
culoskeletal pain in women with breast cancer may further
exacerbate persistent concerns about cancer recurrence.

Certain limitations must be taken into consideration when
interpreting the study findings, including the cross-sectional
design, which precludes the determination of cause and effect,
and the small sample size. It is possible that women with lower
mental component HR-QOL scores may be more likely to
report musculoskeletal pain; thus, the temporality of these
associations remains to be explored. Furthermore, the results
may also not be generalizable to women of other race/ethnic
groups because we had a high percentage of Caucasian women
and there may potentially be racial/ethnic differences in the
association, between musculoskeletal pain and the HR-QOL
outcomes [44–46]. We observed that race was independently
associated with both the PCS and MCS in women with breast
cancer. The finding is consistent with prior studies that have
also reported race and ethnic disparities in quality of life among
women with breast cancer, with Caucasian women reporting
higher HR-QOL [47, 48]. A potential reason for difference in
HR-QOL by racial status is that race may be a surrogate for
other unmeasured variables such as social support that was not
assessed in this study. We did not observe race as an indepen-
dent factor in the comparison group of women without a

Table 4 Association of severity of musculoskeletal (any) symptoms, demographics, cancer status, and other clinical characteristics with health-related
quality of life (HR-QOL) in multivariate analysis

Breast cancer Comparison group

Physical component
summary

Mental component
summary

Physical component
summary

Mental component
summary

Any pain (unadjusted) −2.1* (<0.0001) −1.8* (<0.0001) −2.2* (<0.0001) −0.2 (0.59)

Any pain (adjusted) −2.4* (<0.0001) −1.8* (<0.0001) −2.1* (<0.0001) −0.1 (0.85)

Age 0.1 (0.30) −0.03 (0.87) −0.05 (0.61) −0.2 (0.13)

Race 5.7* (0.02) 7.2* (0.03) 2.0 (0.42) 0.3 (0.91)

BMI 0.3 (0.11) −0.4 (0.10) −0.1 (0.42) −0.08 (0.67)
No of health conditions 1.0* (0.001) 0.2 (0.60) −0.4 (0.25) 0.1 (0.77)

Prior chemotherapy 0.9 (0.70) −0.6 (0.85)

Prior radiation therapy 0.2 (0.93) 2.4 (0.39)

Current aromatase inhibitor (AI) therapy −1.8 (0.47) −2.0 (0.57)

values reported are β coefficients (p values)

*p values less than 0.05 considered significant
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history of cancer. However, it must also be noted that in our
study the sample size is very limited for the minority popula-
tion and these findings should be interpreted with caution.

Notwithstanding these limitations, the study broadens our
understanding of the effect of musculoskeletal pain on HR-
QOL in women with breast cancer on AIs. Future prospective
studies might prospectively evaluate the effect in a larger,
more diverse setting. In addition, we did not assess psycho-
logical distress or fear of cancer recurrence, which may be the
mediator in the association and could be further explored in
future studies. The issue of fear of cancer recurrence in par-
ticular needs to be better addressed in women with musculo-
skeletal pain.

AI-associated musculoskeletal symptoms impact both
physical and mental well-being of breast cancer patients.
Preventing this side effect or alleviating the pain should be
an important aim with therapy. The study findings can assist
physicians in their approach to discussing musculoskeletal
symptoms with women initiating AI therapy and developing
interventions to reducing anxiety and fear and improving HR-
QOL in these women.

Conflict of interest The authors declare that they have no conflict of
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