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Abstract

Purpose—Ouver one third of breast cancer survivors experience upper extremity disability. Black
women present with factors associated with greater upper extremity disability, including:
increased body mass index (BMI), more advanced disease stage at diagnosis, and varying
treatment type compared with Whites. No prior research has evaluated the relationship between
race and upper extremity disability using validated tools and controlling for these factors.

Methods—Data were drawn from a survey study among 610 women with stage I-111 hormone
receptor positive breast cancer. The QuickDASH (Disabilities of the Arm, Shoulder and Hand) is
an 11-item self-administered questionnaire that has been validated for breast cancer survivors to
assess global upper extremity function over the past 7 days. Linear regression and mediation
analysis estimated the relationships between race, BMI and QuickDASH score, adjusting for
demographics and treatment types.

Results—Black women (n=98) had 7.3 points higher average QuickDASH scores than White
(n=512) women (p<0.001). After adjusting for BMI, age, education, cancer treatment, months
since diagnosis, and aromatase inhibitor status, Black women had an average 4-point (95%
confidence interval: 0.18-8.01) higher QuickDASH score (p=0.04) than White women. Mediation
analysis suggested that BMI attenuated the association between race and disability by 40%.

Conclusions—Even several years post-treatment, Black breast cancer survivors had greater
upper extremity disability, which was partially mediated by higher BMIs. Close monitoring of
high BMI Black women may be an important step in reducing disparities in cancer survivorship.
More research is needed on the relationship between race, BMI, and upper extremity disability.
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Over 35% of breast cancer survivors experience upper extremity disability (UED),[1] and
report that UED after cancer is associated with even greater psychosocial burden than the
cancer diagnosis itself.[2] Breast cancer survivors with any functional limitations are at
significantly higher risk of all-cause mortality compared to those who have no limitation.[3]
Upper extremity function is of particular concern for breast cancer survivors, who face
increased UED due to breast cancer surgery, radiation, or chemotherapy to the upper body
region.[4] UED may be worsened by co-morbid physical conditions like obesity or changes
in weight,[5] may persist for at least 2 years post-surgery, and may be affected by primary
and adjuvant cancer treatment types as well as patient characteristics. For example, UED is
worse among patients who receive axillary lymph node dissection (= 5 nodes removed)
compared with sentinel lymph node biopsy (<5 nodes removed).[6] Use of aromatase
inhibitors (i.e., anastrozole, letrozole, exemestane), which are now part of standard adjuvant
hormone therapy for ER+ breast cancers, may increase the likelihood of pain in the upper
extremity.[7, 8] Non-steroidal aromatase inhibitors (e.g., Anastrazole and Letrozole) are
more likely to be associated with musculoskeletal symptoms than steroidal aromatase
inhibitors (e.g., exemestane).[9, 10] Although these treatment types may contribute to UED,
several studies have demonstrated that functional disability/limitations are more influenced
by patient demographic characteristics, time since surgery, and various social factors than by
clinical factors such as type of treatment or disease stage.[11, 12]

Among breast cancer survivors, racial disparities have been documented in physical
functioning, physical well-being, pain and disability outcomes with Non-Hispanic Black
women faring worse than Non-Hispanic White women.[13-15] These disparities outline a
broader context within which race may contribute to differential UED rates for Black and
White women. Race/ethnicity may be a key patient demographic characteristic in UED,
given that race is associated with factors associated with poor functioning, including high
BMI,[16, 17] weight gain after breast cancer,[18] later stage at diagnosis,[19-22] and
underuse of sentinel lymph node biopsy, adjuvant chemotherapy, radiation, and hormone
therapy.[23-25] For instance, Non-Hispanic Black women have higher rates of obesity than
Non-Hispanic White women, which might lead Black women to worse functioning by
predisposing them to debilitating conditions like breast-cancer related lymphedema (BCRL).
[26, 27] Yet, Black women have lower rates of axillary lymph node dissection that may
decrease BCRL incidence and hence lead to better physical functioning.[23, 28] Due to
lower rates of ER+ breast cancers, [29] Non-Hispanic Black women are less likely than
Non-Hispanic White women to use aromatase inhibitors (Als); less Al usage could
contribute to lower UED risk for Non-Hispanic Black women. It is not yet known to what
extent factors such as stage of diagnosis, treatment types, BMI, and Al usage directly or
indirectly contribute to differences in upper body functional limitation by race and should be
further explored in an effort to improve survivorship care.
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Few studies have explicitly explored associations between race and UED among breast
cancer survivors, though some have controlled for race.[11, 30-32] Some have shown no
differences in upper extremity function by race[30] or full mediation by BMI,[32] while
others did not report findings specific to upper body functioning by race,[11] or did not
exclusively focus on breast cancer.[31] Often, prior studies did not use validated scales to
measure UED, nor account for co-morbid conditions, such as obesity, that might affect
functioning. These limitations in prior studies leave gaps in the research literature on how to
identify which breast cancer survivors are at greatest risk for UED. This warrants further
exploration of the associations between UED, race, and co-morbid conditions for breast
cancer survivors using measures of functional limitation that have been validated in breast
cancer survivors. The purpose of this observational study was to evaluate the extent to which
race and obesity contributes to differences in UED among Black or White breast cancer
survivors, using a validated scale, and controlling for social and physical patient
characteristics associated with breast cancer treatment.

Participants were drawn from the baseline assessment of an ongoing longitudinal study
examining genetic determinants of symptom distress and disease outcomes among
postmenopausal women with hormone receptor positive breast cancer who were prescribed
aromatase inhibitors (Als). The purpose of that study was to evaluate whether genetic
polymorphisms in estrogen synthesis and metabolism predict toxicities of Al therapy and
breast cancer outcomes. Further details of that study have been previously published.[33]
Patients were recruited from breast cancer clinics in an academic tertiary care teaching
hospital and a community hospital between November 2011 and June 2014. Eligibility
criteria for the ongoing longitudinal study were (1) female sex; (2) age 18 or older; (3)
history of stage I, 11, or Il breast cancer; (4) current use of a third-generation Al for at least
6 months or discontinuation of Als before the full duration of prescribed therapy; (5)
postmenopausal; (6) completed primary cancer treatments (surgery, chemotherapy,
radiotherapy); and (7) able to understand written English and participate in an informed
consent process. All measures and procedures were approved by the Institutional Review
Board of the University of Pennsylvania.

Of the original 720 in the ongoing longitudinal study for whom there were complete
baseline data: 18 were excluded for not self-identifying as Black or White; 1 was excluded
for being >500 months since breast cancer diagnosis; 4 were excluded due to no self-
reported treatment for breast cancer; and 87 were excluded for missing data on number of
lymph nodes removed. For the present analysis, the resulting sample size was 610
respondents.

Primary Outcome—The QuickDASH is a shortened version of the Disabilities of the
Arm, Shoulder and Hand[34] questionnaire, and is a self-administered questionnaire that has
been validated among Black and White breast cancer survivors to assess global arm function
over the past 7 days.[35] Validation has shown that the QuickDASH has high reliability and
validity in a racially diverse population of various ages and educational statuses, with
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Cronbach’s alpha of 0.93, all items loading on one factor with an eigenvalue of 6.7 which
explained 61% of the variance, and high test-retest reliability at 2 weeks (ICC=0.78).

The QuickDASH can be scored in two components: the disability/symptom section (11
items, scored 1-5) and the optional high performance sport/music or work modules (4 items,
scored 1-5). The optional questions were omitted since respondents were unlikely to
currently be in jobs that require high physical performance (e.g., professional athlete) due to
their average age and cancer treatment history. The assigned values for all completed
responses were summed and averaged, yielding a summary score out of five. This summary
score was transformed to a score out of 100 by subtracting one and multiplying by 25, to
make the score easier to compare to other measures scaled on a 0-100 scale. Higher scores
indicate greater disability, with a highest possible score of 100 points.

Covariates—Demographic variables, including race (Black or White), age (continuous),
education (high school graduate or less or more than high school), as well as clinical
variables, including BMI (continuous), time since breast cancer diagnosis (continuous, in
years), side of surgery (unilateral or bilateral), treatments received (yes or no for
lumpectomy, mastectomy, chemotherapy, radiation, reconstruction), and current Al usage
and type of Al used in the past month, including non-steroidal Als (Arimidex (Anastrazole)
and Femara (Letrozole)) and steroidal Als (Aromasin (Exemestane)) were assessed by self-
report survey. Number of lymph nodes (continuous variable) removed across all breast
cancer surgeries was abstracted from patient medical records.

Statistical Analysis

Descriptive statistics were calculated for each key variable. Comparisons among Black and
White participants were tested using t-tests for continuous variables and chi-square tests for
categorical variables. QuickDASH score by each variable was examined; continuous
variables were recoded into categorical variables based on clinically significant groupings in
order compare QuickDASH scores using t-tests (for two-category variables) or oneway
ANOVA tests (for multi-category variables). For time since cancer diagnosis, 24 months
was used as a cut-off because previous studies suggest that functional limitation may persist
at least 2 years post-surgery.[6] Bivariable and multivariable linear regressions were used to
assess the independent and collective associations of each key variable with the
QuickDASH score outcome.

Mediation analysis was performed based on established criteria for assessing mediation,[36—
38] and as applied to this study was designed to demonstrate that: (1) race, the exposure, is
associated with QuickDASH score, the outcome; (2) race is associated with BMI, the
mediator; (3) BMI is associated with QuickDASH score; and (4) BMI completely or
partially attenuates the association between race and BMI.[39] Testing of these criteria has
performed by (1) regressing QuickDASH Score on race, adjusting for all factors except
BMI; (2) regressing BMI on race, adjusting for all other factors; (3) regressing QuickDASH
score on BMI and race, adjusting for all other factors; and (4) comparing the parameter
estimates for race in the QuickDASH outcome model that includes BMI to the one that did
not include BMI. To show the degree of attenuation by BMI, representing the percent of the
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association between race and QuickDASH score that is explained by BMI, the percent
change in the race parameter estimate was calculated based on its value in the models with
BMI and without BMI.

A total of 610 women were eligible in the final sample. As summarized in Table 1, the
average QuickDASH score for the final sample was 19.5 (SD=17.5) out of a possible 100
points indicating the highest level of disability. QuickDASH scores reported ranged from 0
to 86.4 out of 100 total points. In this sample, the QuickDASH scale had a Cronbach’s alpha
of 0.91, with all items loading on one factor with an eigenvalue of 6.1 which explained 55%
of the variance. Participants had an average BMI of 28, average age of 63 years, were most
likely to have a high school degree equivalent or less, were most likely to have been Stage |
at cancer diagnosis, were approximately 2.5 years (40.6 months) out from diagnosis, and
were most likely to have had unilateral surgery. The majority had lumpectomy and radiation,
with an average of 7.5 lymph nodes removed during surgery. Approximately 87% had
reported Al usage in the past month, with the majority (72%) using Arimidex (Anastrazole).

Of the total sample population, 98 respondents were Black (16%) and 512 were White
(84%). Black women had significantly higher BMI (31.2 vs 27.5, p<0.001), were older (65
vs 63, p=0.03), were less likely to have had post-secondary education (57.1% vs 83% more
than high school education, p<0.001), and experienced greater upper extremity disability
(UED) as measured by higher QuickDASH score (25.7 vs 18.4, p<0.001). White women
were significantly more likely to have had a mastectomy (43.6% vs 28.6%, p<0.001) than
Black women. There were no statistically significant differences in cancer stage at
diagnosis, months since diagnosis, side of surgery, lumpectomy, chemotherapy, radiation,
reconstruction, number of lymph nodes removed, or Al usage between Black and White
cancer survivors in this sample.

Table 2 shows the value of QuickDASH scores by key variables. QuickDASH score was
significantly higher with each increasing BMI category (p<0.001), and higher among those
with a high school education or less (p=0.005). QuickDASH score did not differ by age
category, cancer stage at diagnosis, months since diagnosis, side of surgery, type of surgery
or adjuvant treatment, breast reconstruction, lymph node dissection, or type of Al used in the
past month.

Bivariable analysis in Table 3 suggested that Black women had average QuickDASH scores
that were 7.3 points higher than White women (p<0.001), indicating significantly greater
UED among Black women. Black race was associated with a 4.10 significantly higher
QuickDASH score (p=0.04) when adjusting for BMI, age, education, cancer stage at
diagnosis, months since diagnosis, side of surgery, type of surgery or adjuvant treatment,
breast reconstruction, number of lymph nodes removed, and use of Als in the past month. In
analysis adjusted for demographic and clinical factors, each 1-unit increase in BMI was
associated with a 0.70-point increase in QuickDASH score (p<0.001). The final model
accounted for approximately 12% of the variance in QuickDASH scores.
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Figure 1 shows the mediation analysis designed to test the mediating role of BMI in the
association between race and UED, as measured by QuickDASH score. Race was
significantly associated with UED (v =6.82, p=0.001) adjusting for all other factors, except
BMI (total effect; coefficient estimate denoted by t). Race was significantly associated with
BMI (a =3.09, p<0.001) adjusting for all other factors. In the presence of BMI, race was still
significantly associated with BMI (direct effect: ¥ =4.10, p=0.04), but the strength of the
association between race and UED was smaller. When BMI is included in the model along
with all other covariates, the strength of the association between race and UED was
attenuated by 40%.

Conclusions

This study has examined racial differences in upper extremity disability (UED) for Black or
White breast cancer survivors, as measured by the QuickDASH, and accounting for physical
and social characteristics associated with breast cancer treatment. This study found that after
accounting for physical characteristics and treatment-related factors Black breast cancer
survivors experience greater UED than White breast cancer survivors, even several years
post-treatment. The differences in race may be partially explained by higher BMIs among
Black breast cancer survivors. These findings have implications for which patients should be
targeted for additional monitoring of upper body changes after breast cancer surgery.

This study contributes to a small but growing body of literature that examined race
differences in function after breast cancer surgery. The present study was designed to assess
differences by race using a validated patient-reported outcome for assessing UED in breast
cancer survivors. The UED measure used in the present study assessed the entire upper body
region, including the arm, shoulder and hand giving a more comprehensive measure of
disability than explored in the past. Thus, it overcomes limitations in other studies which did
not find significant UED differences by race, including: sample sizes that may have been too
small to detect differences by race,[11, 30] were focused on overall impairments,[11, 32]
were not specific to breast cancer,[31] or did not use a validated scale focused on the upper
extremity specifically.[11, 31, 32] Though contrasting the findings in previous studies, this
current study offers strong evidence of racial differences in UED exist after breast cancer.

Our results further suggest that obesity plays an important role in explaining differences in
UED by race. Higher BMIs may predispose Black women to experience greater adverse
effects of treatment or surgical complications. Black women have higher BMI than White
women both before[40-42] and after breast cancer surgery,[43, 44] leaving Black women at
increased risk of experiencing UED even before a breast cancer diagnosis[45] and which
may be exacerbated due to weight gain after breast cancer surgery. High BMI is associated
with greater presence of adverse treatment effects such as breast-cancer related
lymphedema, the presence of which could translate into higher scores on validated measures
assessing disability.[27, 46-48] High BMIs also contributes to higher levels of surgical
complications,[49-52] including increased operating and recovery times, slower and poorer
healing, and higher levels of infection in breast cancer surgery.[52-59] Lower levels of
physical activity among Black breast cancer survivors compared with White cancer
survivors [60, 61] may lead to both higher BMI and differences in how much the upper body
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is used. A plausible but less explored possibility is that BMI may have an effect on upper
body tissue healing after breast cancer surgery, which may be modified by lower breast
tissue density for Black women compared to Whites that has been observed in several
studies. [62—-64] The relationship between BMI and tissue healing is still uncertain, and may
be a potential area of study to better understand differences in functioning after breast
cancer.

Still, BMI only partially mediated the relationship between race and UED differences,
suggesting a residual effect of race over and above BMI’s contribution to UED differences
by race. Race is a social construct,[65, 66] which means that any residual effects of race
over and above its contribution to BMI may represent unmeasured social factors that are
embodied due to racial grouping. Social factors that have been associated with race and BMI
may be the underlying root causes of race differences in UED after breast cancer treatment,
and may be the underlying root cases of higher QuickDASH scores for Black women. For
disparities in Black breast cancer survivors, these may be social factors that directly relate to
embodied psychosocial stressors that are associated with experiences of discrimination and
differential access to clinical care.[67, 68] For example, in a study of breast cancer survivors
seen at a military hospital, there were no differences in QuickDASH scores by race.[30]
That study’s authors suggest that the lack of difference in UED by race was likely due to
being in a military system where health access was equal across races and presumably not a
barrier to care.[30] Additional social factors, like socioeconomic position and quality of
healthcare access, may be helpful additions to explaining the residual effects of race on UED
differences, over above the contributions of BMI.

Study results must be considered in the context of the study’s limitations. All patients were
post-menopausal breast cancer survivors seen at an academic school of medicine and who
were prescribed Als, thus results may not be generalizable to the general population of
breast cancer survivors. Second, the QuickDASH is a patient-reported outcome that is
subject to recall and social-desirability bias. Future research combining subjective and
objective functional assessments may help determine the clinical importance of the findings
discovered in the current study. No information was available on UED prior to breast cancer
surgery, and racial differences in UED may have been present prior to surgery; however, the
present study would confirm that racial differences in UED persist after surgery, regardless
of pre-surgery UED levels. Differential rates of post-surgical adverse treatment effects may
also have contributed to differences in QuickDASH scores. The present study did not
directly assess adverse treatment effects, but did assess BMI and lymph node removal,
which are two major risk factors for surgical complications and adverse treatment effects.
Surgical treatment type was self-reported because clinical chart data were limited to
treatments from one institution. Self-report of breast cancer treatment has been validated as
over 90% accurate within the first 6 months, but may wane over time;[69] however, self-
reported treatment allowed the analysis to account for all treatments a patient had across all
institutions.

Despite these study limitations, we identified racial disparities in upper extremity disability
between Black and White women with breast cancer. Obesity as a partial mediator affirms
the need for breast cancer survivors to maintain a healthy weight as a way to reduce
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disparities in cancer survivorship outcomes; however, addressing obesity is only part of the
challenge. Future studies are needed to fully explore race differences in UED after breast
cancer surgery, in the context of BMI, adverse effects of surgery, and social factors.
Intervention research developed to promote optimal functioning and reduce differences by
race may need to include targeted interventions/therapies for Black women with a specific
emphasis on those who have high BMIs. Successfully addressing the issue of obesity for
Black breast cancer survivors may be an important step in reducing disparities in physical
functioning, psychosocial burden faced after cancer treatment, mortality, and improving
quality of life.
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Al Aromatase inhibitor
BMI Body mass index
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Mediation Tests Examining the Relationships between Race, BMI,
and Upper Extremity Disability for Breast Cancer Survivors

Total Effect of Race on Upper Extremity Disability

1=6.82 (2.86-10.78)
p=0.001
Race » UED

Mediating Effect of BMI on Relationship between Race and Upper
Extremity Disability
1=4.10 (0.18-8.01)
p=0.040
Race » UED

A40%

a=3.09 (1.67-4.51)
p<0.001

%=0.70 (0.47-0.92)
p<0.001

BMI

*Coefficient estimates are adjusted for age, education, stage at diagnosis, months since
breast cancer diagnosis, side of breast cancer surgery, type of primary and adjuvant
treatment(s), number of lymph nodes removed, current use and type of Als

Test of BMI as Mediator between Race and Upper Extremity Disability
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Table 1
Participant Characteristics
All (N=610) Black (n=98) White (n=512) p

QuickDASH Score (95% CI) 195 (18.1,20.9) 25.7(21.5,30.0) 18.4(16.9,19.8) <0.001
BMI (95% CI) 28.0 (27.5,28.6) 31.2(29.9,32.4) 275(26.9,30.0) <0.001
Age (95% CI) 63 (62, 64) 65 (63, 67) 63 (62, 64) 0.03
Education (%) <0.001

High School Graduate or Less 129 (21.2) 42 (42.9) 87 (17.0)

More than High School 481 (78.9) 56 (57.1) 425 (83.0)
Cancer Stage at Diagnosis (%) 0.77

I 345 (57.5) 54 (57.5) 291 (57.5)

I 177 (29.5) 26 (27.7) 151 (29.8)

n 78 (13.0) 14 (14.9) 64 (12.7)
Months Since Diagnosis (95% CI) ~ 40.6 (37.6,43.6) 35.4(29.1,41.7) 41.6(38.2,44.9) 0.14
Side of Surgery (%) 0.40

Unilateral 549 (90.6) 91 (92.9) 458 (90.2)

Bilateral 57 (9.4) 7(7.1) 50 (9.8)
Lumpectomy (%) 406 (66.6) 61 (62.2) 345 (67.4) 0.32
Mastectomy (%6) 251 (41.2) 28 (28.6) 223 (43.6) <0.001
Chemotherapy (%) 294 (48.2) 42 (42.9) 252 (49.2) 0.25
Radiation (%) 436 (71.5) 73 (74.5) 363 (70.9) 0.47
Reconstruction (%) 189 (30.9) 28 (28.5) 161 (31.5) 0.57
Lymph Nodes Removed 7.5(6.8,8.1) 7.6 (6.0,9.1) 7.4(6.7,8.1) 0.86
Al Used in Past Month (%)

Not currently using 80 (13.1) 12 (12.2) 68 (13.2) 0.43

Arimidex (Anastrazole) 437 (71.6) 72 (73.5) 365 (71.3)

Femara (Letrezole) 70 (11.5) 12 (13.3) 57 (11.1)

Aromasin (Exemestane) 23(3.8) 1(1.0) 22 (4.3)
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Table 2
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Summary Statistics of QuickDASH Scores by Key Variables

QuickDASH Score (Mean)

Standard Deviation

Min Max Values

*

p
Race <0.001
White 18.4 16.49 0773
Black 25.7 21.15 086.4
BMI* <0.001
<25 19.2 16.2 068.2
25-30 18.4 175 086.4
>30 20.8 18.1 0773
Age” 0.30
<55 19.2 16.2 065.9
55-65 18.4 17.5 0773
>65 20.8 18.1 086.4
Education 0.005
High School Graduate or Less 234 20.6 086.4
More than High School 18.5 16.4 0773
Cancer Stage at Diagnosis” 028
| 19.7 16.0 086.4
1] 18.0 16.0 075
1] 21.7 17.1 070.5
Months since Diagnosis 0.14
24 Months or Less 20.8 18.1 0773
More than 24 months 18.7 171 086.4
Side of Surgery 0.65
Unilateral 19.6 17.8 086.4
Bilateral 18.5 14.6 068.8
Lumpectomy 0.73
No 19.8 175 086.4
Yes 19.4 18.6 0773
Mastectomy 0.40
No 20.0 18.4 086.4
Yes 18.8 16.2 075.0
Chemotherapy 0.59
No 19.9 18.5 086.4
Yes 19.1 16.4 075
Radiation 0.71
No 19.9 17.9 0773
Yes 19.4 17.4 086.4
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QuickDASH Score (Mean)

Standard Deviation

Min Max Values

p
Reconstruction 0.89
No 19.6 17.8 077.3
Yes 19.4 16.8 086.4
Lymph Nodes Removed 0.85
Sentinel (< 5 removed) 19.4 18.2 086.4
Axillary (>=5 removed) 19.7 16.7 075.0
Al Used in Past Month 0.19
Not currently using 224 19.6 077.3
Arimidex (Anastrazole) 18.6 16.8 086.4
Aromasin (Exemestane) 21.3 17.0 056.8
Femara (Letrezole) 21.8 19.2 0773

*
Oneway ANOVA:s calculated for significance testing of categorical variables with more than 2 categories
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