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Abstract

Background: Recreational physical activity (RPA) is associated with improved survival after breast cancer (BC) in average-risk
women, but evidence is limited for women who are at increased familial risk because of a BC family history or BRCA1 and
BRCA2 pathogenic variants (BRCA1/2 PVs). Methods: We estimated associations of RPA (self-reported average hours per week
within 3 years of BC diagnosis) with all-cause mortality and second BC events (recurrence or new primary) after first invasive
BC in women in the Prospective Family Study Cohort (n¼4610, diagnosed 1993-2011, aged 22-79 years at diagnosis). We fitted
Cox proportional hazards regression models adjusted for age at diagnosis, demographics, and lifestyle factors. We tested for
multiplicative interactions (Wald test statistic for cross-product terms) and additive interactions (relative excess risk due to
interaction) by age at diagnosis, body mass index, estrogen receptor status, stage at diagnosis, BRCA1/2 PVs, and familial risk
score estimated from multigenerational pedigree data. Statistical tests were 2-sided. Results: We observed 1212 deaths and
473 second BC events over a median follow-up from study enrollment of 11.0 and 10.5 years, respectively. After adjusting for
covariates, RPA (any vs none) was associated with lower all-cause mortality of 16.1% (95% confidence interval [CI] ¼ 2.4% to
27.9%) overall, 11.8% (95% CI ¼ -3.6% to 24.9%) in women without BRCA1/2 PVs, and 47.5% (95% CI¼17.4% to 66.6%) in women
with BRCA1/2 PVs (RPA*BRCA1/2 multiplicative interaction P¼ .005; relative excess risk due to interaction¼0.87, 95% CI¼0.01
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to 1.74). RPA was not associated with risk of second BC events. Conclusion: Findings support that RPA is associated with
lower all-cause mortality in women with BC, particularly in women with BRCA1/2 PVs.

Breast cancer (BC) is the most commonly diagnosed cancer and
the leading cause of cancer-related death in women globally (1).
Women diagnosed with BC are at risk of disease recurrence,
second cancers, and premature death, underscoring the need
for identifying modifiable factors that improve outcomes after
diagnosis (2,3). There is extensive epidemiological evidence
supporting that recreational physical activity (RPA) is associated
with reduced BC risk (4-6) and improved outcomes after BC di-
agnosis in women at average risk of developing BC (7-10). Most
of the evidence on RPA and outcomes after BC comes from stud-
ies of average-risk cohorts that were not selected for age at diag-
nosis or other BC-related risk factors and thus not powered to
detect associations in women at increased familial or genetic
risk, such as those with a BC family history or BRCA1 and BRCA2
pathogenic variants (hereafter referred to as BRCA1/2 PVs).
BRCA1- and BRCA2-associated BCs are usually diagnosed at a
younger age and have different frequencies of certain histologi-
cal and cell biological characteristics compared with sporadic
breast tumors (11). The mortality risk associated with modifi-
able factors, such as RPA, might thus be different in high-risk
populations compared with estimates from average-risk
women. Therefore, studies of RPA and outcomes after BC in
enriched cohorts are needed to provide accurate risk estimates
and evidence-based guidance for women at increased familial
or genetic risk of BC.

We previously studied 4153 women from 3 of the 6 study
centers in the Breast Cancer Family Registry (BCFR), a cohort
enriched for women with a BC family history and/or early onset
BC (2), and found that women in the highest vs lowest quintile
of prediagnosis RPA had 23.0% (95% confidence interval [CI] ¼
0.0% to 40.0%) lower all-cause mortality. This association was
not modified on the multiplicative scale by BC family history,
but we did not test for additive interaction, which is important
for understanding the impact of RPA on absolute number of out-
comes prevented (2). Our evaluation of effect modification by fa-
milial risk was also limited in that we excluded women with
BRCA1/2 PVs and used a binary definition of BC family history
(any first-degree relatives with BC vs none), which discounts
the strong gradient in familial risk that varies based on genetics
and number, age, and relationship (eg, first-degree) of affected
relatives (12-16). It is estimated that individuals in the top 25%
of familial risk are 20 times more likely to develop BC than those
of the same age and sex in the bottom 25% of familial risk (17).
We have previously used a continuous measure of familial risk
to show that the association between RPA and BC risk is consis-
tent across the continuum of familial risk (18). Here, we extend
this research to study the role of RPA in all-cause mortality and
second BC events (recurrence or new primary BC) in women
with BC across the continuum of familial risk, including those
with BRCA1/2 PVs.

Methods

Study Sample

We used data from the Prospective Family Study Cohort, which
includes 31 640 women (n¼ 18 858 and 12 782 women unaffected
and affected with BC at baseline, respectively) from 11 171

families in the BCFR (19) and the kConFab Follow-Up Study
(20,21). The BCFR recruited families from 6 sites in Australia,
Canada, and the United States (New York, Northern California,
Philadelphia, and Utah), and kConFab recruited families in
Australia and New Zealand. The Northern California site con-
ducted population-based recruitment using cancer registries,
and the New York, Philadelphia, and Utah sites of the BCFR, as
well as kConFab, used clinic-based recruitment. The Australian
and Canadian sites of the BCFR used both population-based and
clinic-based recruitment strategies. Additional details on the
sampling schemes are available elsewhere (12). We restricted
the primary analysis to women with a first diagnosis of invasive
BC within 2 years prior to study enrollment (n¼ 5735 women di-
agnosed 1993-2011) to reduce the effect of survivorship bias. We
excluded women without a familial risk score either because
they were aged 80 years or older at baseline (n¼ 34) or did not
have sufficient pedigree data (n¼ 232). Additionally, we ex-
cluded women missing data on RPA (n¼ 656) or covariates
(n¼ 177) or who had no follow-up time after baseline (n¼ 26).
For second BC events analyses, we further excluded women
with a bilateral mastectomy (n¼ 236) or second invasive BC
event (n¼ 18) before baseline. The final sample sizes for our all-
cause mortality and second BC events analyses were 4610 (374
women with BRCA1/2 PVs) and 4356 (316 women with BRCA1/2
PVs), respectively. The BCFR and kConFab were approved by the
institutional review board at each participating study center; all
participants provided written informed consent.

Baseline Data

The BCFR and kConFab used similar baseline questionnaires to
collect information on sociodemographic, lifestyle, cancer treat-
ment, and other factors. Both cohorts asked participants to re-
port their average hours per week of moderate (eg, brisk
walking) and strenuous (eg, running) RPA around the time of
first invasive BC diagnosis, which we converted to total meta-
bolic equivalents (MET) hours per week (22). Participants in the
kConFab (n¼ 479) and case probands selected through
population-based recruitment in the BCFR (n¼ 3486) were asked
the RPA questions in reference to the 3 years prior to their first
invasive BC diagnosis. The remaining 14.0% (n¼ 645) of partici-
pants (clinic-based recruits and family members of probands
from the population-based sites) were asked the same RPA
questions but in reference to the 3 years prior to study enroll-
ment. Apart from the timing of the exposure period, the phras-
ing of the RPA questions was the same across sites. Women
reported their height and weight for the time period at which
RPA was measured, which we used to calculate body mass in-
dex (BMI). Multigenerational pedigree data were collected by
baseline questionnaire to estimate remaining lifetime (from en-
rollment to age 80 years) familial risk of BC using the Breast
Ovarian Analysis of Disease Incidence and Carrier Estimation
Algorithm v3 (23,24).

Outcomes

We updated vital status through telephone contact, mailed
questionnaires, and linkage with cancer registries and national
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death registries. We observed 1212 deaths (106 with BRCA1/2
PVs) over a median follow-up from study enrollment of
11.0 years (total follow-up¼ 50 873 person-years). We defined a
second BC event as an invasive BC diagnosis at least 6 months
after the first invasive diagnosis in the ipsilateral or contralat-
eral breast, including a recurrence or new primary tumor. We
observed 473 second BC events (53 with BRCA1/2 PVs) over a me-
dian follow-up from study enrollment of 10.5 years (total follow-
up from study enrollment¼ 45 590 person-years). Of the BCs in
the study sample, 96% were confirmed by pathology reports or
cancer registry records. These records were also used to obtain
information on tumor characteristics, including estrogen recep-
tor (ER) status, progesterone receptor (PR) status, and stage at
diagnosis.

Statistical Analysis

We used multivariable Cox proportional hazards regression to
examine associations of RPA with all-cause mortality and sec-
ond BC events. We evaluated RPA as a dichotomous variable
(any, none) and categorized by intensity level (none, moderate
only, strenuous with or without moderate RPA). We also evalu-
ated RPA levels based on whether the Physical Activity
Guidelines for Americans and the World Health Organization
guidelines of 150-300 minutes per week of moderate RPA or 75-
150 minutes per week of strenuous RPA were met or exceeded
(25,26). Finally, we categorized total MET hours per week into
quintiles based on the distribution in the study sample and
evaluated linear trends using the Wald test statistic by model-
ing a continuous term that used the median value for each
quintile. Follow-up time was calculated from date of first inva-
sive BC diagnosis to date of death or last known contact in anal-
yses of all-cause mortality, and from date of first invasive BC
diagnosis to date of second invasive BC diagnosis, last known
contact, or death in analyses of second BC events. Follow-up
time was left truncated at the date of interview to avoid poten-
tial survival bias. Because some of the women with BC were re-
lated, we used a robust variance estimator to account for the
family structure of the cohort. We evaluated Schoenfeld resid-
uals to verify the proportional hazards assumption.

We fitted models adjusted for the following baseline covari-
ates that were associated with the outcomes in our analysis:
age group at diagnosis, study center, decade of birth year, race
and ethnicity, education, cigarette smoking, alcohol consump-
tion, postmenopausal hormone therapy, BMI, stage at diagno-
sis, and treatment of first invasive BC (chemotherapy, radiation,
surgery). ER status, PR status, hormone therapy treatment for
first invasive BC, year of first invasive BC diagnosis, prior ta-
moxifen use, and number of mammograms were not associated
with the outcomes and were removed from models for parsi-
mony. To explore whether associations were modified by un-
derlying familial or genetic risk of BC, we tested for
multiplicative interactions using the Wald test statistic for
cross-product terms between RPA and familial risk score, as
well as between RPA and BRCA1/2 PVs status (women without
genetic test results [n¼ 1099] were categorized with women
who tested negative [n¼ 3137]). We fitted models stratified by
age at diagnosis to evaluate associations in younger women
with few competing risks of death other than BC (27,28). We
also tested for effect modification by BMI, ER status, and stage
at diagnosis (subgroups selected a priori). We calculated the rel-
ative excess risk due to interaction (RERI) to test for additive
interactions.

Sensitivity Analyses

We evaluated associations in the following subsamples: women
with a confirmed invasive BC from pathology report or cancer
registry records (n¼ 4441); women with stage 1 or 2 BC
(n¼ 3301); women unaffected with other cancers except nonme-
lanoma skin cancer (n¼ 3980); women without a bilateral oo-
phorectomy (n¼ 4236); and women with a genetic test result for
BRCA1/2 PVs (n¼ 3511). We also evaluated whether findings
were robust to different inclusion and exclusion criteria: 1) in-
cluding women diagnosed with BC within 5 years of baseline, 2)
excluding women diagnosed after 2008 (allowing for at least 10
years of follow-up), and 3) excluding women diagnosed before
1995. For second BC events, we fitted models that censored at
bilateral mastectomy after baseline (n¼ 239). We fitted models
with cross-product terms to evaluate if associations differed be-
tween cohorts (kConFab vs BCFR) or exposure windows (3 years
prior to first invasive BC diagnosis vs 3 years prior to study en-
rollment). All statistical tests were 2-sided, and P values less
than .05 were considered statistically significant. Analyses were
performed using SAS software version 9.4 (SAS Institute Inc,
Cary, NC, USA).

Results

Average level of RPA in the cohort was 22.1 (SD ¼ 23.3) MET hours
per week; 16.3% of the cohort reported no moderate or strenuous
RPA around the time of first invasive BC diagnosis. Average age at
first invasive BC diagnosis was 47.9 (SD ¼ 10.2) years and average
BMI was 26.2 (SD ¼ 5.8) kg/m2. Weak, but statistically significant,
negative correlations were found between higher RPA and age
at first invasive BC diagnosis (Spearman q ¼ -0.08; P< .001) and
RPA and BMI (q ¼ -0.13; P< .001). Characteristics of the all-cause
mortality sample are presented in Table 1 by RPA quintiles;
characteristics were similar in the second BC events sample.
A comparison of women by BRCA1/2 PVs status is provided in
Supplementary Table 1 (available online).

Engaging in any RPA vs none was statistically significantly
associated with 16.1% (95% CI¼ 2.4% to 27.9%) lower all-cause
mortality, adjusting for covariates (Table 2). Engaging in only
moderate RPA vs none statistically significantly lowered all-
cause mortality by 17.8% (95% CI¼ 3.1% to 30.2%). Engaging in
some RPA but less than recommended guidelines vs none low-
ered all-cause mortality by 17.2% (95% CI¼ 0.7% to 31.0%), and
engaging in more RPA than the recommended guidelines vs
none lowered all-cause mortality by 19.0% (95% CI¼ 2.4% to
32.7%). None of the other categorizations of RPA (compared
with inactivity) were statistically significantly associated with
all-cause mortality. RPA was not associated with risk of second
BC events overall (Table 2) or in stratified analyses (data not
shown).

As shown in Figure 1, any RPA vs none was associated with
47.5% (95% CI¼ 17.4% to 66.6%) lower all-cause mortality in
women with BRCA1/2 PVs and 11.8% (95% CI=-3.6% to 24.9%)
lower all-cause mortality in women without BRCA1/2 PVs
(RPA*BRCA1/2 multiplicative interaction P¼ .005). A statistically
significant linear trend in lower all-cause mortality was seen
across quintiles of RPA in women with BRCA1/2 PVs (Ptrend ¼ .01)
but not in women without BRCA1/2 PVs (Ptrend ¼ .51). We also
found statistical evidence of a positive additive interaction be-
tween RPA (any vs none) and BRCA1/2 PVs status (RERI¼ 0.87,
95% CI¼ 0.01 to 1.74).

The RPA-mortality association was not modified on the mul-
tiplicative or additive scales by BMI, familial risk score, ER
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Table 1. Characteristics of the Prospective Family Study Cohort by quintiles of recreational physical activity (n¼ 4610)

Characteristic
Q1

<4 MET-hrs/wk
Q2

4-11 MET-hrs/wk
Q3

12-20 MET-hrs/wk
Q4

21-34 MET-hrs/wk
Q5

>34 MET-hrs/wk

Total No. of women 857 910 1193 781 869
Age at first invasive BC diagnosis,

No. (%), y
<40 158 (18.4) 194 (21.3) 245 (20.5) 195 (25.0) 264 (30.4)
40-49 269 (31.4) 316 (34.7) 379 (31.8) 238 (30.5) 276 (31.8)
50-59 304 (35.5) 279 (30.7) 408 (34.2) 237 (30.3) 227 (26.1)
�60 126 (14.7) 121 (13.3) 161 (13.5) 111 (14.2) 102 (11.7)

Year of birth, No. (%)
<1950 435 (50.8) 414 (45.5) 580 (48.6) 353 (45.2) 332 (38.2)
1950-1959 263 (30.7) 292 (32.1) 364 (30.5) 242 (31.0) 263 (30.3)
1960-1969 133 (15.5) 178 (19.6) 206 (17.3) 156 (20.0) 224 (25.8)
�1970 26 (3.0) 26 (2.9) 43 (3.6) 30 (3.8) 50 (5.8)

Race and ethnicity, No. (%)
Asian 158 (18.4) 107 (11.8) 133 (11.1) 68 (8.7) 55 (6.3)
Hispanic 104 (12.1) 134 (14.7) 134 (11.2) 70 (9.0) 131 (15.1)
Non-Hispanic Black 57 (6.7) 41 (4.5) 191 (16.0) 109 (14.0) 44 (5.1)
Non-Hispanic White 514 (60.0) 608 (66.8) 708 (59.3) 522 (66.8) 613 (70.5)
Other 24 (2.8) 20 (2.2) 27 (2.3) 12 (1.5) 26 (3.0)

Educational attainment, No. (%)
High school graduate/GED or less 374 (43.6) 299 (32.9) 355 (29.8) 204 (26.1) 219 (25.2)
Some college/vocational school 304 (35.5) 346 (38.0) 466 (39.1) 309 (39.6) 304 (35.0)
Bachelor degree or higher 179 (20.9) 265 (29.1) 372 (31.2) 268 (34.3) 346 (39.8)

Body mass index, No. (%)
<25 kg/m2 395 (46.1) 424 (46.6) 568 (47.6) 437 (56.0) 532 (61.2)
25 to <30 kg/m2 237 (27.7) 266 (29.2) 364 (30.5) 214 (27.4) 226 (26.0)
�30 kg/m2 225 (26.3) 220 (24.2) 261 (21.9) 130 (16.6) 111 (12.8)

Cigarette smoking status at base-
line, No. (%)
Never 524 (61.1) 550 (60.4) 718 (60.2) 425 (54.4) 449 (51.7)
Former 197 (23.0) 241 (26.5) 328 (27.5) 236 (30.2) 312 (35.9)
Current 136 (15.9) 119 (13.1) 147 (12.3) 120 (15.4) 108 (12.4)

Alcohol consumption at baseline,
No. (%)
Never 560 (65.3) 530 (58.2) 659 (55.2) 383 (49.0) 388 (44.6)
Former 104 (12.1) 122 (13.4) 150 (12.6) 104 (13.3) 152 (17.5)
Current 193 (22.5) 258 (28.4) 384 (32.2) 294 (37.6) 329 (37.9)

Postmenopausal hormone therapy
at baseline, No. (%)
Never 607 (70.8) 671 (73.7) 830 (69.6) 564 (72.2) 640 (73.7)
Former 246 (28.7) 229 (25.2) 347 (29.1) 203 (26.0) 214 (24.6)
Current 4 (0.5) 10 (1.1) 16 (1.3) 14 (1.8) 15 (1.7)

Estrogen receptor status of first
invasive BC, No. (%)
Positivea 519 (60.6) 549 (60.3) 726 (60.9) 470 (60.2) 500 (57.5)
Negative 211 (24.6) 196 (21.5) 322 (27.0) 196 (25.1) 233 (26.8)
Missing 127 (14.8) 165 (18.1) 145 (12.2) 115 (14.7) 136 (15.7)

Tumor stage at diagnosis of first
invasive BC, No. (%)
Stage 1 300 (35.0) 327 (35.9) 451 (37.8) 305 (39.1) 341 (39.2)
Stage 2 285 (33.3) 317 (34.8) 428 (35.9) 255 (32.7) 292 (33.6)
Stage 3-4 52 (6.1) 50 (5.5) 85 (7.1) 62 (7.9) 35 (4.0)
Unknown 220 (25.7) 216 (23.7) 229 (19.2) 159 (20.4) 201 (23.1)

Chemotherapy for first invasive
BC, No. (%)
No 281 (32.8) 314 (34.5) 387 (32.4) 278 (35.6) 294 (33.8)
Yes 421 (49.1) 476 (52.3) 662 (55.5) 400 (51.2) 452 (52.0)
Unknown 155 (18.1) 120 (13.2) 144 (12.1) 103 (13.2) 123 (14.2)

Radiation for first invasive BC, No.
(%)
No 248 (28.9) 266 (29.2) 328 (27.5) 201 (25.7) 246 (28.3)
Yes 455 (53.1) 525 (57.7) 724 (60.7) 475 (60.8) 499 (57.4)

(continued)
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status, or stage at diagnosis, (P values > .05; see Supplementary
Figure 1, available online). The association was also not modi-
fied on either scale by age group at diagnosis, although a statis-
tically significant association between RPA (any vs none) and
all-cause mortality was only found in women younger than age
40 years at diagnosis (hazard ratio¼ 0.67, 95% CI¼ 0.48 to 0.94;
Figure 2). Results from sensitivity analyses were consistent
with main findings, and associations did not differ by exposure
window or cohort (data not shown).

Discussion

Using a prospective cohort enriched for women at higher-than-
average familial risk of BC, we found that engaging in RPA
around the time of first invasive BC diagnosis was associated
with lower all-cause mortality. We found that even modest lev-
els of RPA (eg, less than recommended guidelines) conferred
some survival benefit compared with being inactive. These
overall findings are consistent with previous studies of unen-
riched cohorts (10) and our previous BCFR analysis in which we
excluded women with BRCA1/2 PVs and did not consider famil-
ial risk as a continuous measure (2). The reduction in mortality
after BC associated with RPA is slightly lower in magnitude than
the reduction in mortality associated with healthy dietary pat-
terns [approximately 24% lower mortality (29)] or being nonob-
ese [approximately 33% (30)] found in other studies.

We found that the association between RPA and all-cause
mortality was stronger on both the multiplicative and additive
scales in women with vs without BRCA1/2 PVs. In women with
BRCA1/2 PVs, any RPA vs none lowered all-cause mortality by
47.5% on the relative scale and by 14.4% on the additive scale
(comparing adjusted cumulative incidence curves after 10 years
of follow-up). Women with BRCA1/2 PVs are often diagnosed
with BC at a younger age and have different frequencies of

certain histological and cell biological characteristics compared
with sporadic breast tumors (11). When we stratified by age
group at diagnosis, a statistically significant association be-
tween RPA and all-cause mortality was found in women diag-
nosed before age 40 years but not in the older age groups,
suggesting that RPA is important for reducing mortality risk in
women with early onset BC. However, more research is needed
to determine if age differences explain BRCA1/2-specific
findings.

Mechanisms through which RPA might improve survival af-
ter BC include regulation of body fat, glucose, insulin, and im-
mune function (3,31). One hypothesis for the stronger
association between RPA and all-cause mortality in women
with vs without BRCA1/2 PVs is that RPA reduces mortality from
other diseases that are more common in women with BRCA1/2
PVs, such as other cancers. Yet, findings were consistent when
we excluded women diagnosed with other cancers. It is also
possible that the differential relationship between RPA and all-
cause mortality by PV status is explained by the fact that BRCA1
and BRCA2 have known roles in DNA repair mechanisms follow-
ing double-stranded breaks (32). Thus, if DNA damage levels are
modulated by RPA, such as through its impact on oxidative
stress levels (33), it is plausible that RPA would disproportion-
ately impact women with BRCA1/2 PVs. However, more work is
needed to further understand the interplay between RPA and
BRCA1/2 function.

RPA was not associated with second BC events in our analy-
sis. By contrast, 2 population-based prospective studies, which
ascertained second BC events through medical chart reviews,
found a reduced risk of BC recurrence associated with higher
levels of prediagnosis RPA (34,35). We were limited to self-
reported BC events, which might be subject to undercounting,
and the proportion of women with second BC events in our co-
hort (10.9%) was lower than the 2 previous population-based

Table 1. (continued)

Characteristic
Q1

<4 MET-hrs/wk
Q2

4-11 MET-hrs/wk
Q3

12-20 MET-hrs/wk
Q4

21-34 MET-hrs/wk
Q5

>34 MET-hrs/wk

Unknown 154 (18.0) 119 (13.1) 141 (11.8) 105 (13.4) 124 (14.3)
Surgery for first invasive BC,

No. (%)
None 28 (3.3) 34 (3.7) 34 (2.9) 31 (4.0) 28 (3.2)
Mastectomy 359 (41.9) 361 (39.7) 490 (41.1) 309 (39.6) 325 (37.4)
Lumpectomy 388 (45.3) 465 (51.1) 589 (49.4) 396 (50.7) 452 (52.0)
Unknown 82 (9.6) 50 (5.5) 80 (6.7) 45 (5.8) 64 (7.4)

Number of first- and second-
degree relatives with BC, No. (%)
0 406 (47.4) 399 (43.9) 560 (46.9) 353 (45.2) 380 (43.7)
1 260 (30.3) 280 (30.8) 339 (28.4) 226 (28.9) 269 (31.0)
2 116 (13.5) 149 (16.4) 184 (15.4) 130 (16.7) 139 (16.0)
�3 75 (8.8) 82 (9.0) 110 (9.2) 72 (9.2) 81 (9.3)

BRCA1 or BRCA2 PVs, No. (%)
Nob 790 (92.2) 846 (93.0) 1117 (93.6) 709 (90.8) 774 (89.1)
Yesc 67 (7.8) 64 (7.0) 76 (6.4) 72 (9.2) 95 (10.9)

Remaining lifetime BC risk, mean
(SD)

17.3 (17.0) 17.8 (16.9) 17.1 (15.4) 19.7 (19.3) 21.6 (20.5)

aIncludes 49 women categorized as borderline for estrogen receptor status. BC ¼ breast cancer; GED ¼ general education degree; MET ¼ metabolic equivalents; PVs ¼
pathogenic variants.
bIncludes 3137 women who tested negative for BRCA1 and BRCA2 PVs and 1099 women without a genetic test result.
cIncludes 204 women with a BRCA1 PV, 168 women with a BRCA2 PV, and 2 women with both a BRCA1 and BRCA2 PV.
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studies (11.4%-26.7%) (34,35). A study using nationally represen-
tative cancer registry data also reported a higher rate of second
BC events (36.8% within 10 years) but only included women
aged 65 years and older (36).

This prospective study has several strengths, including a
large cohort enriched with women at higher-than-average BC
risk, use of a continuous measure of familial risk, and stratifica-
tion by BRCA1/2 PVs status. This study is limited by potential ex-
posure misclassification because of self-reported data.
However, exposure misclassification is likely to be nondifferen-
tial, given our prospective study design, and research suggests
that recall bias is not likely to fully explain associations of RPA
with BC (37). Further, although self-reported RPA may be overes-
timated (38), prior studies have validated the use of self-
reported measures for rank ordering RPA levels within popula-
tions (39). Our analysis of physical activity was also limited in

that nonrecreational types of activity (eg, occupational, house-
hold, transportation) were not considered. Additionally, 14.0%
of the cohort reported their RPA for a time period that included
both pre- and postdiagnosis, making it difficult to draw firm
conclusions about the timing of RPA in relationship to BC out-
comes. However, associations did not differ in sensitivity analy-
ses stratified by exposure window or cohort (data not shown).
Nevertheless, caution should be made when extrapolating
study findings to clinical guidance on the exact amount of phys-
ical activity needed to reduce adverse outcomes. The lack of
data on RPA after study enrollment, comorbidities, and cause of
death are also limitations of this study, and it will be important
for future studies to consider if RPA is associated with BC-
specific mortality in women with BRCA1/2 PVs. We were limited
by small numbers in some subgroups, which reduced statistical
power to identify interactions. Further, because our study

Table 2. Hazard ratios and 95% confidence intervals for associations of recreational physical activity and outcomes after first invasive breast
cancer diagnosis in the Prospective Family Study Cohort

Categorization of RPA

All-cause mortality (n¼ 4610) Second breast cancer event (n¼ 4356)

No. of
women

No. of
events Person-years HR (95% CI)a

No. of
women

No. of
events Person-years HR (95% CI)a

RPA categorized as any vs
none
None 750 226 7541 1.00 (Referent) 720 67 6981 1.00 (Referent)
Any 3860 986 43 331 0.84 (0.72 to 0.98) 3636 406 38 609 1.05 (0.81 to 1.38)

RPA categorized by intensity
level
None 750 226 7541 1.00 (Referent) 720 67 6981 1.00 (Referent)
Moderate RPA only 1737 446 20 025 0.82 (0.70 to 0.97) 1646 193 18 007 1.17 (0.88 to 1.56)
Strenuous RPA 2123b 540 23 306 0.86 (0.73 to 1.02) 1990c 213 20 602 0.93 (0.69 to 1.24)

RPA categorized by national
and international
guidelinesd

None 750 226 7541 1.00 (Referent) 720 67 6981 1.00 (Referent)
Some, but less than
guidelinese

1045 263 11 949 0.83 (0.69 to 0.99) 992 108 10 764 1.12 (0.82 to 1.53)

Met guidelinesf 1581 431 17 282 0.87 (0.73 to 1.03) 1505 184 15 522 1.10 (0.82 to 1.47)
Exceeded guidelinesg 1234 292 14 100 0.81 (0.67 to 0.98) 1 to139 114 12 to323 0.92 (0.67 to 1.27)

RPA categorized by quintiles of
total metabolic equivalents
< 4 MET-hrs/wk 857 250 8839 1.00 (Referent) 821 79 8140 1.00 (Referent)
4-11 MET-hrs/wk 910 231 10 267 0.88 (0.73 to 1.06) 865 92 9255 1.09 (0.81 to 1.49)
12-20 MET-hrs/wk 1193 325 12 959 0.92 (0.78 to 1.10) 1133 135 11 653 1.05 (0.79 to 1.40)
21-34 MET-hrs/wk 781 210 8771 0.88 (0.73 to 1.07) 738 84 7846 0.98 (0.71 to 1.34)
> 34 MET-hrs/wk 869 196 10 036 0.83 (0.68 to 1.01) 799 83 8696 0.94 (0.68 to 1.31)
Ptrend

h across quintiles of
MET-hrs/wk

.13 .45

aHazard ratio and 95% confidence interval adjusted for age group at diagnosis (younger than 40, 40-49, 50-59, 60 years or older), study center (Australia, Canada,

kConFab, New York, Northern California, Philadelphia, Utah), decade of birth year (<1950, 1950-1959, 1960-1969, �1970), race and ethnicity (Asian, Hispanic, non-

Hispanic Black, non-Hispanic White, other), education (high school graduate or less, some college, Bachelor degree or higher), cigarette smoking (never, former, cur-

rent), alcohol consumption (never, former, current), postmenopausal hormone therapy use (never vs otherwise), body mass index (<25, 25 to <30, �30 kg/m2), stage at

diagnosis (1, 2, 3 or 4, unknown), chemotherapy for first invasive breast cancer (yes vs otherwise) radiation treatment for first invasive breast cancer (yes vs otherwise),

and surgery for first invasive breast cancer (mastectomy, lumpectomy, otherwise). CI ¼ confidence interval; HR ¼ hazard ratio; MET ¼metabolic equivalents; RPA ¼ rec-

reational physical activity.
bIncludes 106 women who engaged in only strenuous RPA and 2017 women who engaged in strenuous and moderate RPA.
cIncludes 100 women who engaged in only strenuous RPA and 1890 who engaged in strenuous and moderate RPA.
dBased on the Physical Activity Guidelines for Americans (2018) and the World Health Organization’s 2020 Physical Activity Guidelines, which recommend adults en-

gage in 150-300 minutes per week of moderate physical activity or 75-150 minutes per week of strenuous physical activity, or some combination.
eLess than 150 minutes per week of moderate RPA and less than 75 minutes per week of strenuous RPA.
f150-300 minutes per week of moderate RPA or 75-150 minutes per week of strenuous RPA.
g>300 minutes per week of moderate or >150 minutes per week of strenuous RPA.
hP value reported from 2-sided Wald test.
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sample was restricted to women with BC, collider bias is possi-
ble if all common causes of BC and mortality were not
accounted for in analyses. Yet, this type of bias usually moves
risk estimates toward the null (40), suggesting that associations
might be stronger than estimated.

In conclusion, this prospective study of an enriched cohort
supports that RPA is associated with lower all-cause mortality
after BC in women across the familial risk continuum. In partic-
ular, women with BRCA1/2 PVs might benefit from maintaining
or increasing RPA, given that stronger associations were found
on both the relative and absolute scales in these women.
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