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ABSTRACT
Objectives: We examined the impact of functional
limitations and functional decline during the first year
following breast cancer diagnosis on the risk of
mortality from breast cancer and other causes
among African-American and white women,
respectively.
Design: The Health and Functioning in Women
(HFW) cohort study.
Setting: Detroit, Michigan, USA.
Participants: A total of 162 African-American and
813 white women aged 40–84 years with newly
diagnosed breast cancer identified through the
Metropolitan Detroit Cancer Surveillance System over
a 7-month period between 1984 and 1985 and
followed for up to 28 years (median 11 years).
Outcome measures: Risk of mortality from breast
cancer and other causes.
Results: Statistically significant increases in the risk
of other-cause mortality were found for each unit
increase in the number of self-reported functional
limitations (HR=1.08, 95% CI 1.03 to 1.14), 0 vs ≥1
functional limitations (HR=1.47, 95% CI 1.13 to 1.91),
difficulty in pushing or pulling large objects (HR=1.34,
95% CI 1.04 to 1.73), writing or handling small
objects (HR=1.56, 95% CI 1.00 to 2.44), and walking
half a mile (HR=1.60, 95% CI 1.19 to 2.14).
Functional limitations and functional decline did not
explain racial disparities in the survival of this cohort.
Functional decline was associated with increased risk
of other-cause mortality in women with regional and
remote disease but not in women with localised
disease. Whereas measures of functional limitation
were not associated with breast cancer-specific
mortality, each unit of functional decline (HR=1.17,
95% CI 1.05 to 1.31) and decline in the ability to sit
≥1 h (HR=2.06, 95% CI 1.13 to 3.76) were
associated with increased risk of breast cancer-
specific mortality. Measures of functional decline were
associated with increased risk of breast cancer
mortality in overweight and obese women, but not in
women of normal weight.
Conclusions: Whereas functional limitations were
associated with increased risk of other-cause
mortality, functional decline was associated with
increased risk of breast cancer mortality.

INTRODUCTION
Functional limitations at the time of breast
cancer diagnosis and following initial treatment
have been associated with a number of adverse
outcomes among breast cancer survivors.1–4

Summary measures of physical functioning
have been previously evaluated among breast
cancer survivors.2 5 6 Yet the prognostic value of
individual limitations versus summary measures
of physical functioning and functional decline
remains poorly understood. Primary treatment
causes functional decline in some patients with
breast cancer,7–9 and while most recover, some
older women do not and may decline even
further.10 11 While functional decline in the first
2 years after breast cancer diagnosis has been
related to 10-year survival among women with
breast cancer,12 its impact on longer term sur-
vival has not been evaluated. It is also unclear
whether any differences in physical functioning
exist among population subgroups. For
example, older African-American patients with
breast cancer have been shown to have a dispro-
portionately increased comorbidity burden
compared with their white counterparts, but it
is unknown whether they also have more limita-
tions in physical functioning. A better

ARTICLE SUMMARY

Strengths and limitations of this study
▪ This study used comprehensive measures of

functional limitations and functional decline, and
a prospective population-based cohort design.

▪ The HFW cohort contains of a relatively large set
of white and African-American participants, a
long follow-up and multiple covariates in the
tumour-related, lifestyle and sociodemographic
domains.

▪ A major limitation of this study is that the major-
ity of respondents were treated with partial or
radical mastectomy, which is no longer the
standard of care for early-stage breast cancer.
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understanding of the role of functional limitations and
functional decline may provide opportunities to reduce
mortality among breast cancer survivors through targeted
interventions within high-risk populations.13

In this study of the long-term prognostic role of func-
tional limitations and functional decline, we considered
death from breast cancer and other causes in a cohort of
African-American and white breast cancer survivors from
the Health and Functioning in Women (HFW) study.5 A
wide age range, the inclusion of both African-American
and white women and a median follow-up of 11 years
make this cohort particularly suitable for examining
racial disparities and the long-term effect of functional
limitations and functional decline while taking into
account a wide range of clinical, lifestyle-related and
sociodemographic prognostic factors. We hypothesised
that the presence of functional limitations in the first few
months after breast cancer diagnosis and the subsequent
decline in functional status over the first year would be
associated with increased risk of mortality. As disparities
in the survival of African-American and white women
continue to exist,14 15 we also wished to evaluate whether
they could be accounted for in part by functional limita-
tions. Obesity is a significant contributor to survival dis-
parities among patients with breast cancer,16 as well as
being an important prognostic factor in postmenopausal
women.17 18 Furthermore, although functional limita-
tions have been associated with tumour stage,19 the
extent to which disease severity affects the impact of func-
tional limitations on mortality is not well understood.2

Therefore, we also examined the extent to which the
impact of functional limitations on mortality differed as a
function of tumour stage and body mass index (BMI).

METHODS
Study population
The HFW study used in the present analysis has been previ-
ously described.5 6 Briefly, the HFW study was established in
1984 in the Detroit metropolitan area to assess the health,
functional and psychosocial status of women following
breast cancer diagnosis. A total of 1011 eligible participants
aged 40–84 years with newly diagnosed, histologically con-
firmed, primary invasive breast cancer identified through
the Metropolitan Detroit Cancer Surveillance System
(MDCSS) at the Michigan Cancer Foundation, now the
Barbara Ann Karmanos Cancer Institute, within 4 weeks of
diagnosis, were interviewed in two cohorts. The first cohort
consisted of 571 participants aged 55–84 years who were
identified over a 7-month period between 1984 and 1985;
of these, 463 (81.1%) were successfully interviewed between
2 and 4 months following diagnosis. A second cohort of 620
eligible cases, ages 40–54 and 74–84 years, was identified
over a 7-month period between 1987 and 1988; 548
(88.4%) of these participants were successfully interviewed
between 2 and 4 months after diagnosis, henceforth
referred to as the baseline interview or month 3 interview. All
participants were interviewed a second time approximately

9 months after the first interview, henceforth referred to as
the month 12 interview. The two cohorts were combined and
975 women, for whom complete data were available on all
key variables, were included in this analysis.

Functional limitation assessment
Respondents were asked at 3-month and 12-month inter-
views whether they experienced difficulty in performing
any of the physical tasks described by Nagi20: (1)
pushing or pulling large objects; (2) stooping, crouching
or kneeling; (3) lifting objects weighing less than
10 pounds; (4) lifting objects weighing more than
10 pounds; (5) reaching or extending arms above or
below shoulder level; (6) writing or handling small
objects; (7) standing longer than 15 min; (8) sitting
longer than an hour; (9) going up or down a flight of
stairs; and (10) walking half a mile.5 6 A woman was con-
sidered to have a functional limitation if she reported
that the task was completed with a lot of difficulty or
avoided on doctor’s orders.6 In this analysis, we consid-
ered (1) the effect of individual functional limitations
reported at the baseline interview, (2) the effect of the
number of functional limitations reported at the
3-month interview as a continuous predictor and (3)
also the effect of a binary predictor indicating the pres-
ence of any functional limitation at the 3-month inter-
view (≥1 functional limitations vs 0) on mortality in
order to evaluate a non-linear relationship. We also sep-
arately considered the association of three measures of
functional decline between the first and second inter-
views with mortality. These measures were (1) binary
predictors of developing a specific functional limitation
between the 3-month and 12-month interviews, (2) the
number of functional limitations first reported at the
month 12 interview as a continuous predictor and (3) a
binary indicator of any newly reported functional limita-
tions (≥1 vs 0), henceforth referred to as functional
decline.

Covariates
The covariates used in this analysis were sociodemo-
graphic, lifestyle-related and clinical prognostic factors
that, based on the existing literature and a priori reason-
ing, could potentially confound associations between
functional limitations and mortality outcomes.
Information on age at diagnosis, breast cancer stage,
breast cancer treatment, tumour size and node involve-
ment was obtained from the MDCSS file, while informa-
tion on other variables was obtained from interviews. In
analyses, age was used as a continuous variable. Race was
coded as either African-American or white. Years of edu-
cation were recoded into four categories: less than high
school, high school, college and graduate. The dataset
included a binary indicator of financial adequacy (0 for
adequate and 1 for inadequate) that was based on self-
reported current financial resources and whether they
met the participant’s needs.6 BMI was calculated as
weight in kilograms/height in m2 or kg/m2, from self-
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reported weight and height at the baseline interview and
used as a continuous variable in multivariate models.
Smoking status was self-reported and recoded as a
binary indicator of whether the participant was a smoker
at the time of the interview. A comorbidity index was
constructed as the number of previously diagnosed con-
ditions reported by the respondent at the baseline inter-
view from a list of 23 conditions that included diabetes,
hypertension, stroke, heart disease, gastrointestinal
disease, liver conditions and primary cancers other than
breast cancer, which according to the respondent cur-
rently caused some limitation in her activities.6

Stage of breast cancer at diagnosis was coded as local,
regional or remote. In addition to information on surgery
(no surgery, partial mastectomy or modified radical mast-
ectomy) provided by the MDCSS files, physicians com-
pleted a supplementary survey regarding chemotherapy
and hormonal therapy administered on an outpatient
basis. However, adjuvant therapy utilisation has been
shown to be under-reported in SEER registries,21 resulting
in a small number of participants with evidence of chemo-
therapy and/or hormonal therapy treatment in addition
to partial or radical mastectomy. Less than 30 women
received no surgery. We combined data from the MDCSS
files and physician surveys to create a two-level treatment
variable (no surgery or partial mastectomy, and modified
radical mastectomy). The log of the tumour size in milli-
metres was centred around its mean and used as a continu-
ous variable. The number of positive lymph nodes
involved was recoded into a three-level variable (0 nodes,
1–3 nodes and ≥4 nodes).

Endpoint ascertainment
Participants were followed until last contact or death as
assessed during April 2012, whichever occurred first.
Date and cause of death, classified by the International
Classification of Diseases (ICD) codes V.9, were identi-
fied through annual vital status surveillance of all
patients in the registry, conducted by MDCSS.22 ICD
codes 174.0–174.9 represented breast cancer deaths and
other ICD codes represented death from causes other
than breast cancer referred to henceforward as other-
cause mortality.

Statistical analysis
Racial differences between continuous variables were
assessed using Student t test and between categorical
variables were assessed by Pearson χ2 or Fisher’s exact
test when the counts were small. Racial differences in
sample medians were assessed using the Wilcoxon Rank
Sum test. Kaplan-Meier plots were used to examine the
association between functional limitations and mortality
and p values for log-rank tests are provided in the
appendix. Cox proportional hazards models with time
since diagnosis as the time scale were employed to esti-
mate the association between measures of functional
limitation and other-cause and breast cancer mortality.23

In multivariable models, interaction terms were

considered. Risk was expressed as HR and 95% CI. The
proportionality of hazards assumption was assessed using
Schoenfeld residuals.24 These tests revealed significant
departures from proportionality. Therefore, models were
stratified by age at breast cancer diagnosis. For analyses
involving death from breast cancer, participants who
died from other causes were removed from the cohort at
the time of their death and vice versa. Treatment,
tumour stage, tumour size, node involvement, race,
BMI, financial adequacy, education, smoking status and
period of entry were considered as potential confoun-
ders in all multivariate analyses. To evaluate effect modi-
fication, we conducted analyses separately for subgroups
defined by BMI (<25, 25–30 and >30) at the baseline
interview and stage of breast cancer (local, regional or
remote) at diagnosis. We combined women in the
regional and remote categories due to the small number
of respondents with remote disease (n=55). The type I
error was set at 0.05 and all reported p values are two
sided. Analyses were conducted in SAS V.9.2 (SAS
Institute, Cary, North Carolina, USA) and R V.2.15.

RESULTS
The demographic and clinical characteristics of
African-American (n=162; 16.6%) and white women
(n=813; 83.3%) with breast cancer are presented in table 1.
Overall, the median follow-up time was 11 years (IQR 4.5–
22.4 years). Median follow-up was significantly shorter for
African-American women than their white counterparts
(median=9 years (IQR 3.0–19.0) vs 12 years (IQR 4.8–22.7),
p=0.0003). Among those who survived, African-American
women (n=28) and white women (n=193) had similar
follow-up (median=24.3 years vs 24.4 years, p=0.07), which
suggests that the difference in median survival between
African-American and white women is due to increased
mortality among African-American women. During this
period, there were 753 deaths; 317 were due to breast
cancer and 436 were due to other causes. Slightly more
African-American women died of breast cancer than white
women (37.7% vs 31.5%, p=0.13). There were no racial dif-
ferences in the proportion of other-cause deaths (44.4% vs
44.8%, p=0.94). The distribution of age was also similar in
both groups. Compared with white women,
African-American women had significantly fewer years of
education (24.7% vs 28.3%, respectively, had ≥12 years of
education; p<0.0001), greater mean BMI (28.2 kg/m2 vs
25.9 kg/m2, p<0.0001), and fewer reported adequate finan-
cial resources (66.7% vs 86%, respectively; p<0.0001).
African-American women were less likely than their white
counterparts to have localised disease (43.8% vs 55.6%,
respectively; p=0.01) at the time of breast cancer diagnosis.
Additionally, African-American women were more likely to
have regional disease (48.1% vs 39.2%, respectively;
p=0.04), receive no surgery (3.7% vs 1.4%, respectively;
p=0.04), and have larger tumours, with mean tumour sizes
of 38.2 (SD=26.2) and 32.8 (SD=24.7) millimetres for
African-American and white women, respectively (p=0.01).

Izano M, Satariano WA, Hiatt RA, et al. BMJ Open 2013;3:e003232. doi:10.1136/bmjopen-2013-003232 3

Open Access



The distributions of summary measures of functional
limitations overall and by race are presented in table 1 and
distributions of specific functional limitations are pre-
sented in figure 1A,B. At 3 months after breast cancer
diagnosis, African-American women were more likely to
report any functional limitations (83.3% vs 67.3%,
p<0.0001) and a greater number of functional limitations
than their white counterparts (mean 2.8 (SD=2.3) and 2.1
(SD=2.3); p=0.0003). African-Americans were more likely
than whites to report difficulty in pushing or pulling large
objects (66.1% vs 48%, p<0.0001), lifting less than
10 pounds (33.3% vs 19.3%, p<0.0001), lifting more than
10 pounds (62.4% vs 42.9%, p<0.0001), going up or down
a flight of stairs (17.3% vs 11.7%, p=0.05), and walking
half a mile (29.6% vs 22.1%, p=0.04). In addition to
having a greater mean increase in the number of func-
tional limitations during the first year after diagnosis (0.6
(SD=1.4) vs 0.4 (SD=0.9), p=0.03), a larger proportion of
African-American women reported difficulty going up or

down a flight of stairs at month 12 but not at month 3
(16.7% vs 9%, p=0.003).

Other-cause mortality
Comparing white women with versus without functional
limitations, Kaplan-Meier plots show considerably
shorter other-cause survival for those with functional
limitations (figure 2A, p value for log-rank test <0.0001,
appendix). Overall, African-American women with or
without functional limitations have shorter survival times
than their white counterparts. Borderline statistically sig-
nificant differences were observed in the survival curves
of African-American women with functional limitations
and their white counterparts (p value for log-rank
test=0.06). Difficulties in pushing or pulling large
objects (HR=1.34, 95% CI 1.04 to 1.73), writing or hand-
ling small objects (HR=1.56, 95% CI 1.00 to 2.44),
walking half a mile (HR=1.60, 95% CI 1.19 to 2.14),
each unit increase in the number of self-reported

Table 1 Characteristics of the study group overall and by race

Overall African-American White p Value

N=975 N=162 N=813

Age at diagnosis, mean±SD 63±12.4 62.5±12.6 63.1±12.4 0.59

Follow-up (years), Median (Q1, Q3) 11 (4.5, 22.4) 9 (3, 19) 12 (4.8, 22.7) 0.0003

Financial adequacy 807 (82.8) 108 (66.7) 699 (86) <0.0001

Highest level of educational attainment, N (%)

Less than high school 375 (38.5) 89 (54.9) 286 (35.2) <0.0001

High school 330 (33.8) 33 (20.4) 297 (36.5)

College 210 (21.5) 32 (19.8) 178 (21.9)

Graduate 60 (6.2) 8 (4.9) 52 (6.4)

Body mass index (kg/m2), mean±SD 26.3±5.3 28.2±5.4 25.9±5.1 <0.0001

Stage, N (%)

Local 523 (53.6) 71 (43.8) 452 (55.6) 0.01

Regional 397 (40.7) 78 (48.1) 319 (39.2) 0.04

Remote 55 (5.6) 13 (8) 42 (5.2) 0.15

Smoking, N (%); current smokers 195 (20) 37 (22.8) 158 (19.4) 0.32

Breast cancer treatment, N (%)

No surgery 17 (1.7) 6 (3.7) 11 (1.4) 0.04

Partial mastectomy 194 (19.9) 29 (17.9) 165 (20.3) 0.49

Modified radical mastectomy 760 (77.9) 126 (77.8) 634 (78) 0.95

Number of lymph nodes involved, N (%)

0 443 (45.4) 60 (37) 383 (47.1) 0.10

1–3 302 (31) 57 (35.2) 245 (30.1)

≥4 39 (4) 10 (6.2) 29 (3.6)

Tumour size (mm), mean±SD 33.7±25 38.2±26.2 32.8±24.7 0.01

Comorbidity index, mean±SD 2.2±1.5 2.2±1.6 2.2±1.5 0.91

Functional limitations at 3 months after breast cancer diagnosis

Number of functional limitations, mean±SD 2.2±2.3 2.8±2.3 2.1±2.3 0.0003

≥1 functional limitation, N (%) 682 (69.9) 135 (83.3) 547 (67.3) <0.0001

Functional decline between baseline and 12 months

Number of functional limitations at month 12 but not at month 3,

mean±SD

0.4±1 0.6±1.4 0.4±0.9 0.03

≥1 additional functional limitation reported at month 12, N (%) 212 (21.7) 36 (22.2) 176 (21.6) 0.87

Mortality, N (%)

All cause 753 (77.3) 133 (82.6) 620 (76.3) 0.08

Breast cancer specific 317 (32.5) 61 (37.7) 256 (31.5) 0.13

Other cause 436 (44.7) 72 (44.4) 364 (44.8) 0.94
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functional limitations (HR=1.08, 95% CI 1.03 to 1.14),
as well as experiencing any functional limitation
(HR=1.47, 95% CI 1.13 to 1.91) were all associated with
statistically significant increases in the risk of other-cause
mortality (table 2). Functional decline was not associated
with other-cause mortality. When evaluating effect modi-
fication by stage, we found that the number of func-
tional limitations (HR=1.11, 95% CI 1.03 to 1.19) as well
as 0 vs ≥1 functional limitations (HR=1.46, 95% CI 1.05
to 2.03) were significantly associated with other-cause
mortality in women with localised disease but not in
those with regional or remote disease, whereas func-
tional decline was associated with increased risk of other-
cause mortality in women with regional and remote
disease (HR=1.61, 95% CI 1.03 to 2.52), but not in those
with localised disease (table 3).

Breast cancer-specific mortality
Kaplan-Meier plots of breast cancer survival indicate that
African-American women had poorer survival than white
women (figure 2B, appendix). Furthermore, African-
American women with functional limitations had

significantly poorer survival than those without limitations
(p value for log-rank test=0.05). In multivariate models, we
found no evidence of an association between any of the
measures of functional limitations and breast cancer-
specific mortality in this group (table 2). On the other
hand, each unit of functional decline (HR=1.17, 95% CI
1.05 to 1.31) and decline in the ability to sit ≥1 h
(HR=2.06, 95% CI 1.13 to 3.76) were both significantly
associated with increased risk of breast cancer mortality.
Each unit increase in the number of functional limitations
was positively associated with other-cause mortality in over-
weight (BMI 25–30; HR=1.17, 95% CI 1.05 to 1.31) and
obese women (BMI>30; HR=1.48, 95% CI 1.09 to 2.02),
but not in women of normal weight (BMI<25; HR=1.13,
95% CI 0.94 to 1.36; table 3). Functional decline was posi-
tively associated with breast cancer mortality in obese
women (HR=3.05, 95% CI 1.32 to 7.03).

DISCUSSION
We found that the presence of functional limitations
after breast cancer diagnosis, including difficulties in
mobility (walking half a mile) and in upper body

Figure 1 (A) Distribution of

functional limitations reported at

3 months following breast cancer

diagnosis. (B) Distribution of

functional decline between 3 and

12 months following breast

cancer diagnosis.
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limitations (pushing or pulling large objects, and
writing or handling small objects), was associated with
statistically significant increases in the risk of other-cause
mortality in this biracial cohort of breast cancer survi-
vors. Overall, functional limitations were more prevalent
among African-American women. Race was a significant
predictor of mortality in univariate models, but the asso-
ciation was no longer significant in covariate-adjusted
models. These findings suggest that factors other than
functional limitations are responsible for racial dispar-
ities in the survival of women with breast cancer. In
evaluating whether the effect of functional limitations
varies across strata of breast cancer stages at diagnosis,
we found that the presence of functional limitations was
statistically significantly associated with other-cause

mortality in women with localised disease, but not in
women with regional and remote disease. Conversely,
functional decline was associated with increased risk of
other-cause mortality in women with regional and
remote disease, but not in women with localised disease.
Analyses stratified by BMI revealed that the number of
functional limitations was positively associated with
other-cause mortality in overweight and obese women,
but not in women of normal weight. Each unit of func-
tional decline and decline in lower body function (the
ability to sit for an hour or longer) were both signifi-
cantly associated with increased risk of breast cancer
mortality. Functional decline was positively associated
with breast cancer mortality in obese women. These
findings underscore the prognostic role of obesity
among breast cancer survivors.
This study extends earlier work that reported on the

diminished quality of life and self-reported functional
limitations as predictors of decreased overall and non-
breast cancer survival2 25 to show that limitations in
lower body function and any functional decline during
the first year after breast cancer diagnosis are strong pre-
dictors of breast cancer mortality. We found that func-
tional decline has prognostic value for breast cancer
independent of other prognostic factors and comorbid-
ity; the impact of functional decline during the first year
following breast cancer diagnosis is stronger in women
with regional and remote disease. To our knowledge,
this is the first study to evaluate the association of indi-
vidual limitations and functional decline with survival
among patients with breast cancer. Our findings under-
score the predictive value of comprehensive measures of
functional limitations.
Biological mechanisms by which functional limitations

affect survival of patients with breast cancer are not well
understood. Chronic inflammation has been linked to
diminished physical functioning and disability in popula-
tions of older adults26–31 and may underlie the observed
association of functional limitations with mortality.
Functional limitations and cancer may synergistically
increase inflammation resulting in disease progression
and mortality. In this study, we have shown that func-
tional limitations differentially impact breast cancer-
specific and other-cause mortality. Specifically, we
observed that functional limitations measured at base-
line predicted other-cause mortality, particularly among
non-obese women and those with localised disease. On
the other hand, functional decline was associated with
breast cancer-specific mortality, particularly among over-
weight and obese women. Prior to probing potential
mechanisms linking physical functioning and cause-
specific mortality, these findings should be validated in
other cohorts of breast cancer survivors by employing
measures of functional limitations and other covariates,
to verify the nature of the association between various
aspects of physical functioning and cause-specific mortal-
ity. Identifying populations most likely to benefit from
targeted interventions to enhance functional status is

Figure 2 (A) Kaplan-Meier estimates of other-cause survival

by race and category of functional limitations (0 vs ≥1). (B)
Kaplan-Meier estimates of breast cancer survival by race and

category of functional limitations (0 vs ≥1).
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Table 2 HRs (and 95% CIs) of functional limitations for mortality*

Covariates

Other-cause mortality (number of

deaths=436)

Breast cancer mortality (number of

deaths=317)

Baseline Decline Baseline Decline

Model 1

African-American 1.23 (0.91 to 1.66) 1.19 (0.88 to 1.62) 1.04 (0.76 to 1.44) 1.08 (0.78 to 1.49)

Model 2

African-American 1.19 (0.87 to 1.62) 1.19 (0.88 to 1.62) 1.12 (0.81 to 1.55) 1.08 (0.78 to 1.49)

Difficulty pushing/pulling large objects (yes/no) 1.34 (1.04 to 1.73) 0.98 (0.67 to 1.43) 0.77 (0.58 to 1.03) 1.41 (0.93 to 2.13)

Difficulty stooping/crouching/kneeling (yes/no) 1.02 (0.77 to 1.35) 0.97 (0.65 to 1.45) 1.39 (0.99 to 1.94) 0.94 (0.56 to 1.57)

Difficulty lifting less than 10 pounds (yes/no) 0.92 (0.68 to 1.25) 0.91 (0.53 to 1.56) 1.05 (0.72 to 1.53) 1.27 (0.65 to 2.48)

Difficulty lifting ≥10 pounds (yes/no) 0.99 (0.75 to 1.30) 1.07 (0.71 to 1.60) 0.78 (0.56 to 1.07) 1.20 (0.76 to 1.89)

Difficulty extending arm above shoulder level (yes/no) 0.97 (0.72 to 1.31) 0.94 (0.56 to 1.58) 0.85 (0.58 to 1.23) 0.92 (0.49 to 1.76)

Difficulty writing/handling small objects (yes/no) 1.56 (1.00 to 2.44) 0.47 (0.22 to 1.03) 1.61 (0.95 to 2.73) 1.19 (0.53 to 2.68)

Difficulty standing more than 15 min (yes/no) 0.81 (0.58 to 1.13) 1.33 (0.87 to 2.02) 0.91 (0.62 to 1.35) 1.58 (0.96 to 2.62)

Difficulty sitting more than an hour (yes/no) 0.77 (0.49 to 1.22) 1.75 (0.99 to 3.09) 1.04 (0.63 to 1.73) 2.06 (1.13 to 3.76)

Difficulty going up/down a flight of stairs (yes/no) 1.29 (0.93 to 1.78) 1.18 (0.82 to 1.69) 1.07 (0.70 to 1.63) 0.61 (0.37 to 1.01)

Difficulty walking half a mile (yes/ no) 1.60 (1.19 to 2.14) 1.34 (0.90 to 2.00) 1.24 (0.88 to 1.77) 1.32 (0.82 to 2.13)

Model 3

African-American 1.22 (0.90 to 1.65) 1.19 (0.88 to 1.61) 1.05 (0.76 to 1.44) 1.01 (0.73 to 1.40)

Functional limitations (continuous) 1.08 (1.03 to 1.14) 1.10 (1.00 to 1.21) 0.99 (0.93 to 1.05) 1.17 (1.05 to 1.31)

Model 4

African-American 1.17 (0.87 to 1.59) 1.21 (0.90 to 1.63) 1.08 (0.78 to 1.50) 1.04 (0.75 to 1.43)

Functional limitations (≥1 vs 0) 1.47 (1.13 to 1.91) 1.17 (0.92 to 1.50) 0.75 (0.56 to 0.98) 1.26 (0.94 to 1.69)

*Models were stratified by age at breast cancer diagnosis and additionally adjusted for stage of comorbidity, breast cancer, treatment, body mass index, financial adequacy, education, smoking,
positive lymph node involvement, tumour size at diagnosis and period of study entry.
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the first step towards improving outcomes following
breast cancer diagnosis.
In addition to our inability to address the underlying

biological mechanisms, another important limitation of
this study is that the majority of respondents were
treated with partial or radical mastectomy, which is no
longer the standard of care for early-stage breast cancer.
The currently recommended standard of care for this
population, consisting of radiation and segmental mast-
ectomy or lumpectomy, may have less impact on func-
tion. Modern surgical techniques may also reduce the
functional impact of breast cancer surgery. Furthermore,
the observed patterns of functional limitations in this
study may have been affected by the fact that a relatively
small number of participants received adjuvant chemo-
therapy or hormone therapy. Although the self-reported
nature of functional limitations in this study may be
subject to bias, self-reported functional limitations have
been shown to correlate with performance-based mea-
sures.10 Another limitation of the current study is our
inability to compare whether women with breast cancer
have a similar burden of functional limitations as
women without breast cancer, and whether the impact
of functional limitations on other-cause mortality differs
in women with and without breast cancer.
The strengths of the study include comprehensive

measures of functional limitations and functional
decline, a prospective population-based cohort design, a
relatively large set of white and African-American partici-
pants, a long follow-up and our ability to take into
account multiple covariates in the tumour-related, life-
style and sociodemographic domains. Since women in

this study were identified through a large regional
population-based surveillance programme, our findings
may apply to wider audiences than studies in which par-
ticipants were drawn from academic settings. Bias due to
loss of follow-up was minimised because mortality status
was ascertained annually for all the patients in the
registry.
In summary, our findings indicate that functional lim-

itations and functional decline during the first year fol-
lowing breast cancer diagnosis are associated with the
breast cancer-specific and other-cause mortality of
women with breast cancer.
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Table 3 HRs (and 95% CIs) of functional limitations for mortality stratified by tumour stage and body mass index*

Other-cause mortality (number of

deaths=436)

Breast cancer mortality (number of

deaths=317)

Baseline Decline Baseline Decline

Stage of breast cancer at diagnosis*

Local, N=523 Number of deaths=274 Number of deaths=93

Functional limitations (continuous) 1.11 (1.03 to 1.19) 1.07 (0.94 to 1.23) 1.04 (0.92 to 1.17) 1.16 (0.97 to 1.38)

Functional limitations (≥1 vs 0) 1.46 (1.05 to 2.03) 1.06 (0.75 to 1.49) 1.30 (0.76 to 2.23) 1.02 (0.59 to 1.77)

Regional and remote, N=452 Number of deaths=162 Number of deaths=224

Functional limitations (continuous) 1.03 (0.94 to 1.14) 1.19 (1.00 to 1.43) 1.02 (0.94 to 1.10) 1.08 (0.92 to 1.26)

Functional limitations (≥1 vs 0) 1.58 (0.90 to 2.75) 1.61 (1.03 to 2.52) 0.66 (0.47 to 0.93) 1.19 (0.82 to 1.73)

Body mass index at baseline, (kg/m2)†

<25, N=454 Number of deaths=210 Number of deaths=128

Functional limitations (continuous) 1.11 (1.01 to 1.22) 1.12 (0.94 to 1.32) 1.01 (0.90 to 1.14) 1.13 (0.94 to 1.36)

Functional limitations (≥1 vs 0) 1.80 (1.14 to 2.84) 1.45 (0.93 to 2.27) 0.74 (0.46 to 1.18) 1.00 (0.57 to 1.73)

25–30, N=323 Number of deaths=148 Number of deaths=109

Functional limitations (continuous) 1.07 (1.02 to 1.13) 1.10 (1.00 to 1.21) 0.99 (0.93 to 1.06) 1.17 (1.05 to 1.31)

Functional limitations (≥1 vs 0) 1.48 (1.13 to 1.94) 1.24 (0.95 to 1.60) 0.71 (0.54 to 0.95) 1.28 (0.94 to 1.73)

>30, N=198 Number of deaths=78 Number of deaths=80

Functional limitations (continuous) 0.78 (0.60 to 1.02) 1.09 (0.68 to 1.76) 1.08 (0.92 to 1.27) 1.48 (1.09 to 2.02)

Functional limitations (≥1 vs 0) 0.62 (0.18 to 2.12) 2.15 (0.70 to 6.60) 1.50 (0.61 to 3.66) 3.05 (1.32 to 7.03)

*Models were stratified by age at breast cancer diagnosis and additionally adjusted for race, comorbidity, breast cancer treatment, body mass
index, financial adequacy, education, smoking, positive lymph node involvement, tumour size at diagnosis and period of study entry.
†Models were stratified by age at breast cancer diagnosis and additionally adjusted for race, comorbidity, breast cancer stage, treatment,
financial adequacy, education, smoking, positive lymph node involvement, tumour size at diagnosis and period of study entry.
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APPENDIX

Table A1 p Values for the log-rank tests comparing the survival distributions in figure 2A,B by comparison groups

Comparison groups

Other-cause survival

(figure 2A)

Breast cancer survival

(figure 2B)

African-American women with ≥1 functional limitations vs

African-American women without functional limitations

<0.0001 0.50

African-American women with ≥1 functional limitations vs white women

with ≥1 functional limitations

0.06 0.05

African-American women without functional limitations vs white women

without functional limitations

0.15 0.20

African-American women without functional limitations vs white women

with ≥1 functional limitations

0.84 0.33

White women with ≥1 functional limitations vs white women without

functional limitations

<0.0001 0.50
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