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Abstract

BACKGROUND: Data from a nationwide sample of US breast cancer survivors were used to
examine associations between patient characteristics (breast cancer clinical features, prognostic
factors, and treatments) and health-related quality of life (HRQOL). Associations between
postdiagnosis HRQOL and mortality were then evaluated.

METHODS: The authors identified female breast cancer survivors (n = 2453) from the Sister
Study or Two Sister Study who were at least 1 year from breast cancer diagnosis and who had
responded to a survivorship survey in 2012. HRQOL was assessed with the Patient-Reported
Outcomes Measurement Information System (PROMIS) Global 10 measures. Multivariable linear
regression was used to assess predictors associated with HRQOL. Cox regression was used to
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calculate hazard ratios (HRs) and 95% confidence intervals (Cls) for the association between
HRQOL and all-cause mortality.

RESULTS: HRQOL, assessed an average of 4.9 years after the cancer diagnosis (standard
deviation of 1.9 years), was negatively associated with a higher cancer stage at diagnosis; a higher
comorbidity score at the survey; experience of surgical complications; dissatisfaction with breast
surgery; and experience of any recent recurrence, metastasis, or secondary malignancy. Since the
completion of the survey, there were 85 deaths (3.5%) during a mean follow-up of 4 years
(standard deviation of 0.5 years). In multivariate models, decreases in PROMIS physical T scores
and mental T scores were associated with increased mortality (HR for physical T scores, 1.08;
95% ClI, 1.05-1.11; HR for mental T scores, 1.03; 95% ClI, 1.01-1.06).

CONCLUSIONS: Prognostic and cancer treatment-related factors affect HRQOL in breast
cancer survivors and may inform targeted survivorship care. PROMIS global health measures may
offer additional insights into patients’ well-being and mortality risk.

LAY SUMMARY:
* Findings from a study suggest that prognostic and cancer treatment—related factors affect health-

related quality of life (HRQOL) in breast cancer survivors and that poor HRQOL may increase the
mortality risk.

* The evaluation of HRQOL is important because it may hold potential as a tool for optimizing
survivorship care.
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INTRODUCTION

Breast cancer is the most commonly diagnosed cancer among women in the United States,
with more than 250,000 new cases diagnosed each year.! Advances in early detection
methods and treatment options over past decades have resulted in a steady increase in 5-year
survival for breast cancer.2 With increasing survival after breast cancer, it is important to
quantify the impact of a cancer diagnosis and its treatment on long-term health outcomes.34

Beyond cancer-related outcomes such as recurrence, mortality, and clinician-assessed
toxicity, there is increasing interest in understanding the survivorship experience through
patient-reported outcomes.® Health-related quality of life (HRQOL), a key patient-reported
outcome measure, is consistently associated with mortality risk®=9 and is increasingly
considered an important endpoint in cancer clinical trials, where it is used to inform patient-
centered care, clinical decision making, and health policy or reimbursement decisions.10:11

Previous work has shown that women with breast cancer may experience impaired physical
and emotional functioning after cancer treatment.12-24 Several demographic and clinical
determinants may negatively influence survivors’ HRQOL.12-18 For instance, breast cancer
survivors with comorbid conditions, such as heart failure,® arthritis, 1320 diabetes,13 and
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lymphedema,20-21 have poorer physical and mental health outcomes than those without these
conditions.20-22-24 \\omen who have had reconstruction after breast cancer are more likely
to report better mental HRQOL, reduced stress, and lower anxiety levels in comparison with
women without breast reconstruction, although women who have had reconstruction are
more likely to experience physical discomfort.2

A deeper understanding of underlying factors associated with poor HRQOL is needed to
identify women at highest risk of mortality, and this may inform the development of targeted
supportive interventions.? In this analysis, we assessed physical and mental HRQOL
according to cancer prognostic factors, initial treatment, and clinical predictors within a
large sample of US women with a breast cancer diagnosis. Furthermore, we evaluated
whether postdiagnosis HRQOL was associated with mortality.

MATERIALS AND METHODS

This project was nested within the Sister Study and the Two Sister Study. The Sister Study is
a prospective cohort study of women residing in the United States (including Puerto Rico).
From 2003 to 2009, approximately 50,884 eligible women were enrolled in the study if they
were between the ages of 35 and 74 years and had a sister who had breast cancer.26 The Two
Sister Study (2008-2010) is a retrospective study of 1422 women with young-onset breast
cancer (<50 years old at diagnosis) who had a sister in the Sister Study cohort.2” The
detailed design and inclusion criteria of the parent studies have been described elsewhere.
26,27 The project analysis used cross-sectional data from a Sister Study survivorship survey
supported by the Centers for Disease Control and Prevention and carried out by the National
Institute of Environmental Health Sciences in 2012. Sister Study participants were eligible
to receive the survivorship survey if they had an incident breast cancer diagnosis (including
invasive breast cancer, ductal carcinoma in situ [DCIS], and lobular carcinoma in situ)
before sample identification on October 9, 2012.28 Two Sister Study participants were
enrolled in the parent study after diagnosis, and thus all were eligible for the survivorship
survey. The survey queried about medical history, health behaviors, depressive symptoms,
HRQOL, and other aspects of the survivor experience.28 All participants provided informed
consent, and study protocols were approved by the institutional review boards of the
National Institute of Environmental Health Sciences/National Institutes of Health and the
Copernicus Group. This project was also approved by the University of North Carolina
institutional review board (#19-2659).

Population for Analysis

A total of 2537 English-speaking women completed the survey via a mailed paper
questionnaire or a computer-assisted telephone interview with a response rate of 90.3%.28
For this project analysis, we first restricted our sample to participants who had been
diagnosed with invasive breast cancer or DCIS (2003-2011), who were at least 1 year from
breast cancer diagnosis, and who had completed the survivorship survey (n = 2482). Women
with an unknown cancer stage (n = 7), unstageable breast cancer (n = 7), or missing HRQOL
information (n = 15) were excluded. In total, 2453 women were included in the final
analytical sample.
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Demographic and clinical characteristics—Demographic characteristics were
ascertained from questionnaires completed at Sister Study and Two Sister Study enrollment.
Medical records were used to ascertain clinical characteristics (age at breast cancer
diagnosis, cancer type, cancer stage, and hormone receptor status) for 95.5% of the
participants and cancer treatment data (including breast surgery, radiation, chemotherapy,
and endocrine therapy) for 80.2% of the participants. If this information was missing from
the medical records or records were not retrieved, it was taken from self-reported measures.
Mortality information was obtained from death certificates and/or linkages to the National

Death Index (with a mortality cutoff date of December 31, 2016) for 96% of the participants.
26

HRQOL measures—The 10-item Patient-Reported Outcomes Measurement Information
System (PROMIS) global health scale (PROMIS Global 10)2° was used to assess HRQOL
domains, including general health, physical health, mental health, social health, pain, and
fatigue. Prior research on PROMIS Global 10 has identified 2 HRQOL factors with 4
domains each: physical HRQOL (overall physical health, physical functioning, pain, and
fatigue) and mental HRQOL (quality of life, mental health, satisfaction with social activities,
and emotional problems).2

Because 1 item was not included in the survivorship survey (global04: “In general, how
would you rate your mental health, including your mood and your ability to think?”), we
conducted multiple imputation to estimate the missing item for our participants. We did so
by using data from an external sample of 382 breast cancer survivors who had completed the
2010 National Health Interview Survey.39 The imputation model included the following
covariates: 3 PROMIS items (global02, global05, and global10, which were used to create
the mental HRQOL summed score), age at diagnosis, time since diagnosis, race/ethnicity,
and education. We ran the imputation model 100 times and present the combined results.

The physical and mental HRQOL summary scores were calculated as instructed in the
scoring manual3! and were transformed to T-score distributions with a mean of 50 and a
standard deviation (SD) of 10. The PROMIS T-score distribution and population norms were

developed on the basis of a sample that is representative of the US adult general population.
32

Other measures—Many breast cancer survivors have coexistent chronic diseases or
comorbidities at the time of their cancer diagnosis that have been negatively associated with
patients’ quality of life.13 To summarize the overall influence of comorbidities on quality-of-
life scores, we created a comorbidity score using data from the survivorship survey. The
comorbidity score was defined as the sum of the number of chronic conditions reported in
the survey. The survey asked participants if they were receiving treatment or taking
medications for any of the following comorbid conditions: hypertension or high blood
pressure, diabetes, stomach or intestinal problems, high cholesterol, arthritis, pulmonary
diseases, depression, anxiety, kidney problems, and chronic liver conditions. If participants
were receiving treatment for other conditions that were not listed in the survey, they were

Cancer. Author manuscript; available in PMC 2022 April 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Park et al.

Page 5

asked to specify the names of the conditions. They were also asked about specific
cardiovascular diseases, including congestive heart failure, myocardial infarction, and
coronary heart disease, since their breast cancer diagnosis. Among the specified conditions,
we captured 15 comorbidities that were identified as markers of poor function in the
Charlson index.33 Our survey captured a mix of prevalent conditions and conditions for
which women were being treated. Although we were not able to calculate the Charlson
index per se, we calculated a comorbidity score by summing the number of relevant
conditions reported without applying any weights. Specifically for our assessment of breast
cancer survivors, we also evaluated other comorbidities as potential predictors for poor
HRQOL, including experience of lymphedema, neuropathy, heart disease, and osteoporosis
since the breast cancer diagnosis, as well as coexisting psychiatric conditions such as
anxiety and depression.

Given that a history of cancer other than breast cancer was not considered a basis for
exclusion in the parent studies, 26 we evaluated participants’ personal history of cancer other
than breast cancer or nonmelanoma skin cancer as a predictor for poor HRQOL and
mortality outcomes. Self-reporting on recent recurrence, secondary malignancy, or
metastasis from the survey was also evaluated as we hypothesized that this could strongly
influence current quality of life. We considered only the recent cases occurring before
survey completion because the questionnaire queried women’s experience of any recurrence,
secondary malignancy, or metastasis during the last 12 months. However, we did not expect
this to produce any bias because the overall rate of all potential cases approximated from all
available data sources was very close to the rate of self-reported recent cases (5.0% vs
4.9%).

For women who underwent a mastectomy with or without breast reconstruction, the survey
queried about satisfaction with their decision. The items were each rated on a 5-point ordinal
scale ranging from “very satisfied” to “very dissatisfied.” Women who had a mastectomy
were also asked to report any complications that occurred during or after surgery.

Statistical Analysis

Descriptive statistics were used to summarize demographics, breast cancer—related
characteristics, and HRQOL measures among all participants. To evaluate how clinical
characteristics, treatment history, comorbidities present at the survey, and breast cancer—
related survivorship experience were associated with HRQOL measures, ordinary least
squares regression models were fitted to estimate marginal means and 95% confidence
intervals (Cls) of the physical and mental HRQOL T scores. We calculated unadjusted
means and differences between adjusted means of groups within a category and
corresponding 95% Cls. We identified minimally sufficient sets of confounders by using
directed acyclic graphs,3* and we considered covariates that were potentially associated with
both breast cancer—related characteristics and quality-of-life scores. Multivariate models
were fitted after adjustments for different covariate subsets tailored to yield total effect
estimates for covariates.3°

To evaluate associations between HRQOL scores after diagnosis and all-cause mortality, we
used Cox proportional hazards regression and calculated hazard ratios (HRs) and 95% Cls.
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When estimating the effects of HRQOL scores on mortality risk, we evaluated the effects of
both continuous linear changes in scores and dichotomized categories (poor vs good) based
on existing literature.#36 For the categorization, HRQOL T scores < 1 SD below the US
population mean (T scores < 40) were considered to indicate poor functioning. The time to
event was defined as the time from the survey to the date of death or mortality cutoff date
(December 31, 2016). Individuals without the event were censored as of the same date. To
avoid a selection bias due to immortal person-time, we considered breast cancer survivors to
be at risk starting at the time of HRQOL assessment (not at cancer diagnosis) because
women had to survive to be surveyed.3’

All Cox models were adjusted for the following: survivor’s age at diagnosis (years,
continuously); time from diagnosis to survey (years, continuously); menopausal status at
diagnosis (premenopausal vs postmenopausal); American Joint Committee on Cancer
(AJCC) stage (stage 0, I, 11, 111, or IVV); hormone receptor status (estrogen receptor [ER]- or
progesterone receptor [PR]-positive vs ER- and PR-negative); cancer treatment
(lumpectomy alone, mastectomy with or without lumpectomy, any radiation therapy, or any
chemotherapy); comorbidity score (0, 1, or =2); and experience of any recent recurrence,
metastasis, or secondary malignancy (yes vs no). Proportional hazards assumptions were
tested via the plotting of the negative log of the cumulative hazard as well as testing of the
likelihood ratio of HRQOL-by-time product terms.

In a sensitivity analysis, we limited our analysis to 1968 participants who had a diagnosis of
invasive breast cancer (AJCC stages I-1V). SAS software (version 9.4; SAS Institute, Inc,
Cary, North Carolina) was used for all statistical analyses. R software (version 3.6.3) was
used for generating figures.

A total of 2453 women aged 28 to 80 years at diagnosis with a diagnosis of DCIS or
invasive breast cancer were included. At the time of the survey, the time from diagnosis to
survey ranged from 1 to 8.6 years and averaged 4.9 years (SD, 1.9 years). Table 1 presents
characteristics of participants included in the analysis. The majority were non-Hispanic
White and highly educated. At the time of diagnosis, most were married or in a significant
relationship, had been employed for wages, and had health insurance. In our sample, 13%
had any history of cancer other than breast cancer or nonmelanoma skin cancer before their
first breast cancer diagnosis. Unadjusted mean scores for the physical HRQOL and mental
HRQOL of the survivors were 51.50 (95% Cl, 51.18-51.83) and 51.56 (95% CI, 51.20—
51.92), respectively, which indicated higher HRQOL than that of the US general population
(mean T score, 50). The characteristics of participants with an invasive cancer stage are
shown in Supporting Table 1.

Participants’ clinical characteristics, treatment history, comorbidities present at the survey,
and breast cancer—related survivorship experience are shown in Table 2. Adjusted mean
PROMIS T scores according to characteristics are shown as well. Overall, 20% of the
women were classified with AJCC stage 0 disease, 46% were classified with stage | disease,
25% were classified with stage Il disease, 8% were classified with stage 11 disease, and 1%
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were classified with stage IV disease at diagnosis. Nearly 85% were diagnosed with ER- or
PR-positive breast cancer. A minority of survivors (5%) reported any recurrence, metastasis,
or secondary malignancy during the 12 months before the survey. For the initial treatment of
breast cancer, 2% had undergone lumpectomy or breast-conserving surgery (BCS) alone,
17% had undergone mastectomy with no adjuvant therapy, 31% had received radiation with
or without breast surgery, and 51% had received any chemotherapy (with or without breast
surgery). Among survivors who were diagnosed with ER- or PR-positive cancer, 88% had
received endocrine therapy. Survivors generally reported being in good health (67% had a
comorbidity score of 0 at the survey). Among survivors who had breast surgery,
approximately 15% reported that they had experienced surgical complications. Most
reported that they were satisfied with their mastectomy and/or reconstruction surgery. When
the analysis was limited to participants with invasive cancer, a majority of the survivors
(87%) had received adjuvant radiation therapy and/or chemotherapy (Supporting Table 2).
Among those who had ER- or PR-positive invasive breast cancer, 84% of the survivors had
received endocrine therapy for their initial treatment.

Survivors diagnosed with a higher cancer stage had lower mean T scores for physical and
mental health than those with a lower stage (Table 2). Survivors who received adjuvant
therapy had lower mean T scores for physical function than those who underwent
lumpectomy or BCS alone; the adjusted mean physical T score for survivors who received
any chemotherapy was 3.69 points lower than the mean for those who underwent
lumpectomy or BCS alone (95% CI, —6.29 to —1.10). No substantial differences in adjusted
mean T scores by initial treatment type were observed for mental health. Among survivors
who underwent mastectomy, receipt of breast reconstruction surgery was associated with
higher T scores for physical health alone (mean difference, —1.44; 95% ClI, —2.54 to —0.34).
Survivors with a higher comorbidity score had substantially lower mean physical and mental
T scores in comparison with those with zero comorbidity even after adjustments for age,
race/ethnicity, socioeconomic status, any history of other cancer, cancer stage, and cancer
treatment. Survivors who experienced any cancer recurrence, metastasis, or secondary
malignancy within the 12 months before the survey had lower mean T scores than those who
did not for both physical health (mean difference, —4.84; 95% CI, —6.38 to —3.30) and
mental health (mean difference, —3.45; 95% ClI, —5.18 to —1.72). Among survivors who
underwent breast surgery, experience of surgical complications during or after a surgery was
inversely associated with mean T scores. Moreover, dissatisfaction with mastectomy or
reconstruction surgery was associated with lower mean T scores. When the analysis was
restricted to participants with invasive cancer (Supporting Table 2), survivors with ER- and
PR-negative invasive breast cancer had lower mean T scores for mental health alone in
comparison with those with ER- or PR-positive cancer (mean difference, —1.19; 95% ClI,
-2.31 to —0.08). No statistically significant associations between receipt of adjuvant
chemotherapy or radiation therapy and lower mean T scores were observed among survivors
with invasive breast cancer. Aside from that, we generally observed similar patterns for the
associations.

Differences between adjusted mean PROMIS T scores (95% ClIs) for physical and mental
HRQOL associated with comorbidities present at the survey are shown in Figure 1. Among
survivors who underwent any breast surgery, the diagnosis of lymphedema after the
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completion of surgery was associated with lower mean T scores. In addition, among
survivors who underwent any chemotherapy, the diagnosis of neuropathy after the
completion of chemotherapy was associated with lower mean T scores. The diagnosis of
heart disease and osteoporosis subsequent to breast cancer and the receipt of treatment for
anxiety and depression were negatively associated with estimated mean T scores. Similar
patterns of the associations were observed when the analysis was restricted to survivors of
invasive breast cancer (Supporting Fig. 1).

Multivariable analyses of associations between PROMIS T scores and all-cause mortality
are shown in Table 3. Since the survey, there were 85 deaths (3.5%) with an average of 4
years of follow-up (SD, 0.5). Survivors who died had reported lower mean T scores than
those who did not (physical mean T score, 42.6 vs 51.8; mental mean T score, 46.4 vs 51.7).
Decreases in PROMIS physical T scores and mental T scores were associated with increased
mortality (HR for physical T scores, 1.08; 95% CI, 1.05-1.11; HR for mental T scores, 1.03;
95% ClI, 1.01-1.06) after adjustments for age at diagnosis; time from diagnosis to survey;
menopausal status at diagnosis; cancer stage; hormone receptor status; cancer treatment;
comorbidity score; and any experience of recent recurrence, metastasis, or secondary
malignancy. Survivors with poor physical HRQOL (T score < 1 SD below the US population
mean) had increased mortality in comparison with those with good physical HRQOL (HR,
3.14; 95% CI, 1.92-5.14). Likewise, poor mental HRQOL was associated with increased
mortality (HR, 2.24; 95% ClI, 1.31-3.84). When the analysis was restricted to participants
with invasive cancer, again, both poor physical T scores and poor mental T scores were
associated with increased mortality (Supporting Table 3).

DISCUSSION

In one of the largest studies evaluating HRQOL among US breast cancer survivors, we
found that HRQOL surveyed at an average of 5 years after the cancer diagnosis was
associated with a higher cancer stage at diagnosis; a higher comorbidity score at the survey;
experience of surgical complications; dissatisfaction with breast surgery; and experience of
any recent recurrence, metastasis, or secondary malignancy. Survivors’ physical HRQOL
was also associated with receipt of breast reconstruction surgery and adjuvant treatment. Our
findings also suggest that HRQOL measured after breast cancer is associated with survivors’
mortality even after adjustments for prognostic factors and cancer treatment.

The increased HRQOL among women who underwent breast reconstruction in the current
study was consistent with findings from prior work.2425> However, few studies have assessed
whether HRQOL outcomes differ by women’s satisfaction with reconstruction surgery or
their experience of surgery complications. In our sample, women who underwent breast
reconstruction after mastectomy had a higher physical HRQOL score than women who did
not, but their physical and mental HRQOL scores decreased when they were dissatisfied
with mastectomy and reconstruction surgery. We also found that the experience of surgical
complications during or after a breast surgery (eg, infection, implant rupture, or hematoma)
was a predictor associated with lower HRQOL. Although identifying whether the decision-
making process of mastectomy and reconstruction met patient expectations was beyond the
scope of our investigation, we were able to determine that dissatisfaction with surgery and
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experience of postsurgery complications could negatively affect the quality of life of breast
cancer survivors. Therefore, when treatment options are being discussed, it is important that
patients be informed of possible long-term impairments.

Comorbidities were assessed in this study through patient self-report, and 33% of the
women had a comorbidity score of 1 or higher. Although agreement between patient-
reported breast cancer and medical records has been extremely high, the same may not be
true for other medical conditions.38 Although agreement is likely to vary with the health
condition of interest, it is reassuring that in this population, agreement between medical
records and self-report of breast cancer was better than 99%.38 Comorbidities assessed in
our study also included the following conditions (some of which are associated with breast
cancer treatments) that were not incorporated into the calculation of the comorbidity score:
lymphedema, neuropathy, osteoporosis, anxiety, and depression. We found that lower
HRQOL scores were associated with a higher comorbidity score and the presence of specific
comorbidities in agreement with other studies.1320:3% A prevalent diagnosis of anxiety and
depression had the strongest association with lower physical and mental HRQOL. Although
we did not have care-related information (eg, access to survivorship care, quality of
comorbidity management, and pharmacotherapy), our findings reinforce the importance of
supportive physical and psychological care for breast cancer survivors.

Many, but not all, studies have reported that HRQOL is a prognostic indicator for survival in
patients with breast cancer.5-8:40.41 Two studies have reported that a quality-of-life
assessment at the time of diagnosis can help to predict overall survival in advanced breast
cancer but not in early stages of the disease.”2 Studies differ in the timing and tools used to
assess quality of life. We are unaware of any studies using the PROMIS global health scale
to examine the association between HRQOL and overall survival in breast cancer survivors.
In our study, we found that poor physical and mental HRQOL, as measured by the PROMIS
global health scale an average of 5 years after diagnosis, was predictive of breast cancer
mortality, even after adjustments for important prognostic factors. PROMIS global health
measures may hold potential as a tool for oncology providers to optimize survivorship care.

Besides the known clinical measures that were controlled in the multivariate model, quality
of life itself might be a significant independent predictor of breast cancer survival, although
a causal association should be evaluated with caution. One explanation for the statistically
significant association between decreased T scores and increased mortality is that the
patient-reported quality-of-life data might be a sensitive surrogate marker for an
unrecognized biological prognostic factor because the quality-of-life data can pick up
patients’ well-being and symptoms that are separate from a physician’s observed indicators.’
Moreover, quality-of-life scores might be markers of patients’ behavior and perceived social
support, which have been hypothesized to affect disease progression and subsequent
responses to treatment in patients with cancer.#3-46 However, we cannot rule out that these
associations are due to reverse causation; participants who are sicker may report worse
quality of life. Although we adjusted for all known clinical predictors, including cancer
stage, hormone receptor status, cancer treatment, comorbidity score, and any experience of
recent recurrence, metastasis or secondary malignancy, it is possible that survivors who
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reported a decreased quality-of-life score were more likely than those who reported an
increased score to suffer from undiagnosed or more severe disease.

The Sister Study and the Two Sister Study provided a unique opportunity for examining
HRQOL in a nationwide sample of US female breast cancer survivors treated at multiple
institutions. We had detailed and validated cancer characteristics and treatment information
as well as survivors’ vital status. This allowed us to identify predictors of poor quality of life
and mortality. We had detailed information on cancer diagnosis, treatment, HRQOL
measures, and mortality with a clearly established timeline, and this was harmonized across
the parent studies, survivorship survey, medical records, and National Death Index database.
However, self-reported data on comorbid conditions relied on participants’ recall, which
may have been subject to misclassification. Additionally, we had relatively small numbers
for some racial/ethnic categories, which limited subgroup analyses. Future studies could
investigate these relationships among more diverse samples of breast cancer survivors. We
studied women who had a family history of breast cancer (the Sister Study participants) or
were diagnosed at younger ages (Two Sister participants), and this may limit the
generalizability of the study results.

In conclusion, prognostic and cancer treatment—related factors are important predictors of
HRQOL, which, together with comorbidity, is associated with mortality risk in breast cancer
survivors. PROMIS global health measures may offer additional insights into patients’ well-
being and mortality risk. If our results are replicated, future investigations could seek ways
to improve HRQOL in breast cancer survivors, potentially through targeted survivorship
care.
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Figure 1.

Di%"ferences between adjusted mean PROMIS T scores (95% Cls) for physical and mental
HRQOL associated with comorbidities present in the survivorship survey. Marginal means
and 95% Cls for physical and mental HRQOL T scores associated with the presence of each
comorbidity were estimated first; then, differences between the means of groups within a
category and corresponding 95% Cls were calculated (eg, difference between adjusted mean
T scores = adjusted mean T SCOre(yes comorbidity) — adjusted mean T Scoreno comorbidity))-
Ordinary least squares regression models that were used to estimate marginal means were
adjusted for age at diagnosis, race/ethnicity, socioeconomic status (education, income,
employment status, and insurance coverage), any history of other cancer (excluding
nonmelanoma skin cancer), cancer stage, and cancer treatment. Analyses for lymphedema
and neuropathy were limited to those who underwent any breast surgery (n = 2425) and
those who underwent any chemotherapy (n = 1239), respectively. Prevalence counts and
proportions for each condition were as follows: lymphedema after the completion of surgery,
366 of 2410 (15%); neuropathy after the completion of chemotherapy, 356 of 1217 (29%);
heart disease after breast cancer, 91 of 2423 (4%); osteoporosis after breast cancer, 256 of
2417 (11%); currently receiving treatment or taking medications for depression, 529 of 2441
(22%); and currently receiving treatment or taking medications for anxiety or nervousness,
393 of 2445 (16%). Cl indicates confidence interval; HRQOL, health-related quality of life;
PROMIS, Patient-Reported Outcomes Measurement Information System.
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