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Abstract

Purpose—The American Cancer Society (ACS) published an updated Guideline for Cancer
Prevention (ACS Guideline) in 2020. Research suggests that adherence to the 2012 ACS Guideline
might lower breast cancer risk, but there is limited evidence that this applies to women at
increased familial and genetic risk of breast cancer.

Methods—Using the Breast Cancer Family Registry (BCFR), a cohort enriched for increased
familial and genetic risk of breast cancer, we examined adherence to three 2020 ACS

Guideline recommendations (weight management (body mass index), physical activity, and
alcohol consumption) with breast cancer risk in 9,615 women. We used Cox proportional hazard
regression modeling to calculate hazard ratios (HRs) and 95% confidence intervals (ClI) overall,
and stratified by BRCA1 and BRCAZ pathogenic variant status, family history of breast cancer,
menopausal status, and estrogen-receptor positive (ER+) breast cancer.

Results—We observed 618 incident invasive or /n situ breast cancers over a median 12.9

years. Compared with being adherent to none (n=55 cancers), being adherent to any ACS
recommendation (n=563 cancers) was associated with a 27% lower breast cancer risk (HR=0.73,
95% ClI: 0.55-0.97). This was evident for women with a first-degree family history of breast
cancer (HR=0.68, 95% CI: 0.50-0.93), women without BRCA1 or BRCAZ pathogenic variants
(HR=0.71, 95% CI: 0.53-0.95), postmenopausal women (HR=0.63, 95% CI: 0.44-0.89), and for
risk of ER+ breast cancer (HR=0.63, 95% CI: 0.40-0.98).

Discussion—Adherence to the 2020 ACS Guideline recommendations for BMI, physical
activity, and alcohol consumption could reduce breast cancer risk for postmenopausal women
and women at increased familial risk.

Keywords
Breast Cancer; Cancer Prevention; Incidence; Lifestyle behaviors
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Introduction

Methods

In the USA, breast cancer is the most common female cancer and second most common
cause of cancer death in women, with an estimated 281,550 new cases and 43,600 deaths

to occur in 2021 [1]. Approximately 1 in 8 women (12.9%) will develop breast cancer in
their lifetime, and the incidence rate continues to rise, particularly in women below 40 years
[2, 3]. Given the high burden of breast cancer, identifying primary prevention methods is
critical.

Women with a family history of breast cancer, or pathogenic variants in BRCAI or BRCAZ
(BRCA1/2), or other genes such as PALBZ, have a higher risk of developing breast cancer
in their lifetime compared with the general population [4-8]. Further, research has shown
family history matters even in BRCA1/2 carriers. Compared with having no family history
of breast cancer, having one first-degree relative with breast cancer is associated with a 39%
and 21% increased risk of breast cancer for BRCA1 and BRCAZ carriers, respectively [6].
Given the higher risk of breast cancer for women with a familial or genetic predisposition,
it is important to identify modifiable factors, beyond risk-reducing surgery, which reduces
their risk.

In an effort to reduce the incidence and mortality of all cancers, the American Cancer
Society (ACS) published cancer prevention guidelines called the ACS Guideline for Diet
and Physical Activity for Cancer Prevention (ACS Guideline) [9, 10]. The ACS Guideline,
updated in June 2020, includes four recommendations for cancer prevention based on
weight, physical activity, diet, and alcohol consumption [10]. Prior studies have observed

a 19-31% lower risk of breast cancer associated with adherence to the 2012 ACS Guideline
[11-13]. However, these studies did not select women based on their underlying familial

or genetic risk (non-enriched cohorts) and, therefore, were underpowered for examining
whether ACS Guideline adherence modifies absolute and relative breast cancer risk in
women at higher risk based on cancer family history and/or presence of pathogenic

variants in BRCA1/2 (enriched cohorts) [14]. Further, no studies to date have examined

the association between the updated 2020 ACS Guideline. We examined adherence to the
non-dietary components of the 2020 ACS Guideline in a large international enriched cohort,
the Breast Cancer Family Registry (BCFR) [15]. We hypothesized that adherence to the
weight, physical activity, and alcohol ACS Guideline recommendations would be associated
with a lower breast cancer risk for women at increased familial and genetic risk of breast
cancer.

Study Sample

We conducted a prospective cohort analysis using the BCFR, adhering to the Strengthening
the Reporting of Observational Studies in Epidemiology (STROBE) Guidelines [16]. The
BCFR consists of six sites across the USA, Canada, and Australia which recruited families
across the spectrum of breast and ovarian cancer risk, beginning in 1996 [15]. Participants
were enrolled through clinic-, community-, and population-based recruitment centers and
followed at each site using a common protocol [15]. The BCFR includes women across the
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risk spectrum with sufficient statistical power to test if risks differ by underlying genetic and
familial risk [17-20]. Additional recruitment details are published elsewhere [14, 15].

Participants completed a baseline questionnaire, providing data on self-reported
demographics (e.g., age, race and ethnicity), lifestyle (e.g., alcohol consumption, smoking,
recreational physical activity), reproductive factors (e.g., parity, menopausal status),
anthropometry (e.g., height, weight), medical history (e.g., cancer history, hormone use),
and family history of cancer. Participants provided updated information on breast cancer
risk factors and medical and family history through follow-up questionnaires. Participants
also provided blood or saliva samples and were tested for BRCA1/2 pathogenic variants,
as detailed elsewhere [21, 22]. Typically, the youngest affected family member was tested
and, if a BRCA1/2 pathogenic variant was found, then other family members were tested;
therefore, women not tested are assumed negative. Institutional Review Boards at each site
approved the study and all participants provided written consent prior to enrollment.

ACS Guideline

The 2020 ACS Guideline has four components (weight management, physical activity,

diet, and alcohol consumption). As 36.4% of the BCFR cohort did not complete the food
frequency questionnaire, we assessed adherence based on the non-dietary components of the
2020 ACS Guideline detailed below.

Weight Management—The ACS Guideline states that it is ideal to keep body weight
within a healthy range and to avoid gaining weight in adulthood [10]. We used self-reported
baseline height and weight to calculate body mass index (BMI) at baseline [23]. We used the
WHO BMI guidelines of 18.5 to <25.0 kg/m? to define healthy body weight and categorized
women as adherent if they had a BMI in this range.

Physical Activity—The ACS Guideline recommends adults participate in 150 to 300
minutes of moderate-intensity or 75-150 minutes of vigorous-intensity physical activity

per week, or a combination of both. Further, it states achieving or exceeding 300 minutes

of physical activity per week is optimal [10]. At baseline, participants reported frequency
(30, 60, 90, 120, 180, 240-360, 420-600, =660 minutes per week) of their recreational
physical activity over the past three years, separately for moderate and strenuous activities.
We categorized women as adherent if they reported =180 minutes of moderate or 90 minutes
of strenuous physical activity per week. We conducted a sensitivity analysis categorizing
women as adherent if they reported =300 minutes of moderate or strenuous physical activity
per week.

Alcohol Consumption—The 2020 ACS Guideline recommends that it is best to not drink
alcohol, but if alcohol is consumed to limit it to 1 drink per day for women [10]; however,
the 2012 ACS Guideline recommendation limited alcohol consumption to 1 drink per day
for women, and 1 drink was classified as 12 ounces of beer, 5 ounces of wine, or 1.5 ounces
of 80-proof distilled spirits [9]. At baseline, participants reported how much beer, wine, and
liquor they consumed at least once per week. We categorized women as adherent if they
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reported not drinking alcohol at least once per week for 6 months or longer (defined as no
alcohol).

Adherence score assessment

Exclusions

We used a previously published scoring method to measure ACS Guideline adherence

[24]. Participants received 1 point for adherence to any of the three ACS Guideline
recommendations, with the total score ranging from 0 to 3. We also conducted an analysis
using the 2012 ACS Guideline, with alcohol adherence defined as consuming <7 drinks per
week.

There were 24,117 participants identified for this analysis and exclusion criteria included
breast cancer diagnosis prior to baseline (n=10,404), age >80 years at baseline (n=365),
and person-time time less than 2 months (n=344). Additionally, women were excluded if
they were missing data on adherence score variables (n=283 for BMI; n=597 for alcohol
consumption, and n=2,509 for physical activity). Thus, 9,615 participants were included in
our analytic sample. In order to examine possible selection bias, we compared differences
in baseline characteristics between women who were excluded due to missing data on BMI,
alcohol consumption, or physical activity, and women who were included.

Outcome Assessment

We included all prospective invasive and /n situ breast cancers diagnosed more than two
months after the baseline interview; the verification of breast cancers was previously
described [15]. Briefly, breast cancer diagnoses were self-reported by participants and
confirmation was obtained through pathology review, pathology reports, medical records,
death certificates, or linkage to state cancer registries or the National Death Index (N=476,
77.0% confirmed). We conducted sensitivity analyses examining associations limited to
confirmed cases, and excluding /n situ breast cancers. We had limited estrogen receptor (ER)
and progesterone receptor (PR) data available (50.6% missing) to evaluate differences by
molecular subtype of breast cancer. However, we examined the association between ACS
Guideline adherence and risk of ER positive breast cancer (n=230), the largest subtype.

Statistical Analysis

We calculated frequencies and percentages for categorical variables and means and standard
deviations (SDs) for continuous variables overall and by ACS Guideline recommendation.
We used Cox proportional hazard regression modeling to estimate hazard ratios (HRs)
and 95% confidence intervals (ClIs) for the association between ACS Guideline adherence
and risk of breast cancer [12, 23, 25, 26]. We used age as the underlying time scale and
calculated person time from age of baseline interview to age at breast cancer diagnosis,
bilateral mastectomy, death, last follow-up, or age 80 years, whichever came first. We
assessed the proportional hazards assumption using the ASSESS statement in SAS; there
were no statistically significant violations of this assumption. All models were stratified
by birth cohort (<1950, 1950-1959, 1960-1969, =1970), and our multivariable models
included the following variables which met the 10% change-in-beta criterion: race and
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ethnicity (Asian, Hispanic, non-Hispanic Black, non-Hispanic White, other (defined as
self-reported “American Indian, Aleutian, or Eskimo” or “other” groups)), education (high
school graduation/GED or less, vocational or technical school/some college or university,
bachelor’s degree or higher), cigarette use (never, former, current), oral contraceptive use
(never, ever), menopausal hormone therapy use (never, ever), parity (none, 1-2 live births,
>3 live births), breastfeeding (never, ever), and age at menarche (continuous). We stratified
the analyses by BRCA1/2 pathogenic variant status (BRCA1/2 positive defined as being
positive for a BRCAI or BRCA2 pathogenic variant, BRCA1/2 negative defined as not
having a pathogenic variant in either gene or not tested), family history of breast cancer
(defined as having =1 first-degree relative with breast cancer to align with family history
information commonly collected in the clinic to assess breast cancer risk, such as for the
Breast Cancer Risk Assessment Tool [27]), menopausal status, and age at the baseline
interview (<50, 50-60, >60 years), and examined effect measure modification (interaction)
on the multiplicative scale using a cross-product term with the Wald test and on the additive
scale using the relative excess risk due to interaction (RERI) [28]. We conducted the
following additional sensitivity analyses: 1) excluding women with person-time time less
than 1 year or 2 years, 2) creating a separate group for women not tested for BRCA1/2
pathogenic variants, and 3) defining a positive family history as >1 first-degree relative

or =2 second-degree relatives with breast cancer. For 470 (4.9%) participants menopausal
status was missing and imputed based on the 90t percentile of age at natural menopause for
smokers and non-smokers (age 55 years for both) [29], with postmenopausal status defined
as age at baseline =55 years. All other variables had less than 2% missing data; therefore,
we created a missing category for categorical variables and missing indicator variable for
continuous variables to enhance statistical power. All statistical tests were performed using
SAS 9.4 (SAS Institute, Inc. Cary, North Carolina).

Baseline characteristics by ACS Guideline adherence score are presented in Table 1. From
the total analytic sample (n=9,615), 618 (6.4%) developed incident invasive or /n situ
breast cancer (n=90 confirmed /n situ breast cancers) over a median 12.9 years of follow-
up (median time to breast cancer event was 6.9 years). The majority of women had an
adherence score of 2 (44.2%) followed by a score of 1 (31.6%). For women with a score of
2, adherence to the alcohol and physical activity recommendations was the most common
(42.6%). For women with a score of 1, adherence to the alcohol recommendation was the
most common (45.3%), followed by physical activity (34.8%), and BMI (19.8%). Women
with a score of 3 were on average younger, more likely to have a bachelor’s or graduate
degree, more likely to be a never smoker, and more likely to have a mutation in BRCA1/2,
compared with women with lower adherence scores. Baseline characteristics by adherence
to individual ACS Guideline recommendations are presented in Supplemental Table 1. The
mean age at baseline was 48.1 years, the mean age at diagnosis was 58.4 years, and the
majority of women were non-Hispanic White (68.2%). There were 585 women (6.1%) with
a known BRCA1/2 pathogenic variant. For all of the ACS Guideline recommendations, there
was a higher percentage of BRCA1/2 carriers in the adherent versus not adherent group. To
explore possible selection bias, we compared baseline differences between women included
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in the analysis and excluded due to missing BMI, alcohol, and physical activity data
(Supplemental Table 2). Compared with included women, excluded women were slightly
younger at baseline and more likely to be non-Hispanic White. We also examined our results
excluding women with 1 year or 2 years of person-time (Supplemental Table 3). Overall
there were minimal differences in the results; however, in the analysis excluding person-time
less than 2 years, the result for being adherent on 3 recommendations versus none was
slightly stronger and statistically significant (HR=0.69, 95% CI: 0.48-0.98).

Associations between ACS Guideline adherence and breast cancer risk are shown in Table 2.
Women who adhered to any versus none of the ACS Guideline recommendations had a 27%
lower breast cancer risk (HR=0.73, 95% CI: 0.55-0.97). When we examined adherence to
one, two, or three recommendations compared with none, we observed similar magnitudes
of association and the p for trend was not statistically significant (p=0.12).

The 2020 and 2012 ACS Guideline recommendations evaluated in this analysis are
presented in Supplemental Table 4. In Supplemental Table 5, we present baseline
characteristics by adherence to the 2012 ACS Guideline alcohol recommendation. Notably,
more women were adherent to the 2012 alcohol recommendation (87.6%) versus the 2020
recommendation (60.1%), reflecting the change in adherence from <7 drinks per week
(2012) to no alcohol (2020). We examined the 2012 ACS Guideline with breast cancer risk
(Supplemental Table 6). We observed a 47% lower breast cancer risk for women adhering
to any versus none of the 2012 ACS Guideline recommendations (HR=0.53, 95% CI: 0.35—
0.81), and there was a borderline statistically significant trend (p=0.06) when looking at
adherence to one, two, or three recommendations. The adherence scores for the 2020 and
2012 ACS Guidelines were highly correlated (r = 0.85, p<0.01).

Table 3 shows HR estimates stratified by BRCAI1/2 pathogenic variant status, family history,
and menopausal status. A sensitivity analysis which created a separate category for women
not tested for BRCA1/2 pathogenic variants showed similar results to the BRCA1/2 negative
group (data not shown); therefore, we combined these groups to enhance the statistical
power. BRCA1/2 negative women had a 29% lower breast cancer risk when adhering to

any versus none of the ACS Guideline recommendations (HR=0.71, 95% CI: 0.53-0.95).
While there was a suggestion of a lower breast cancer risk for BRCA1/2 positive women, it
was not statistically significant (HR=0.43, 95% CI: 0.16-1.20). We observed no association
between ACS Guideline adherence and breast cancer risk in women without a first-degree
family history of breast cancer. In contrast, women with at least one first-degree relative
with breast cancer had a 32% lower breast cancer risk (HR=0.68, 95% CI: 0.50-0.93).
However, we did not observe interaction on either the multiplicative or additive scales for
BRCA1/2 pathogenic variant status (p=0.33 and RERI1=-2.46, 95% CI: -11.19-6.27) or
family history (p=0.22 and RERI=-0.94, 95% CI. —2.80-0.91). When we examined family
history defined as having =1 first-degree relative or =2 second degree relatives with breast
cancer, the results were similar (data not shown). While we observed no association in
premenopausal women, postmenopausal women who adhered to any versus none of the
ACS Guideline recommendations had a 37% (HR=0.63, 95% CI: 0.44-0.89) lower breast
cancer risk. However, we did not observe interaction on either the multiplicative (p=0.17) or
additive (RERI=-0.37, 95% CI: -1.10-0.37) scales. We further explored differences by age
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at baseline (Supplemental Table 7). We observed an association only in older women aged
>60 years, with a 42% lower breast cancer risk for those who adhered to any versus none of
the ACS Guideline recommendations.

Limiting the analysis to ER-positive breast cancers, women who adhered to any versus none
of the ACS Guideline recommendations had a 37% lower risk of developing ER-positive
breast cancer (HR=0.63, 95% CI: 0.40-0.98) (Table 4). In addition, we conducted sensitivity
analyses excluding confirmed /n sifu breast cancers (Supplemental Table 8) and limited to
only confirmed invasive and /n situ breast cancers (data not shown) and observed minimal
differences in results.

Using the more stringent definition of physical activity adherence (=300 minutes of
moderate or strenuous physical activity per week), 56.0% of women were adherent versus
63.7% of women using the original definition of physical activity adherence. While the
results were similar, the association was slightly attenuated and borderline statistically
significant for women who adhered to any recommendation versus none (HR=0.78, 95% ClI:
0.60, 1.02) (Supplemental Table 9).

Discussion

We examined the association between adherence to the 2020 ACS Guideline
recommendations for weight, physical activity, and alcohol consumption and breast cancer
risk in a clinically-relevant cohort enriched for higher absolute breast cancer risk based on
family history of breast cancer or pathogenic variants in BRCA1/2. Overall, we observed
that a lower breast cancer risk was associated with adherence to any of the three non-
dietary ACS Guideline recommendations. This lower risk was observed for women without
BRCA1/2 pathogenic variants, women with a first-degree family history of breast cancer,
and postmenopausal women. While there was also a protective association for BRCA1/2
positive women, it was not statistically significant likely due to a small number of breast
cancer events in this stratum. While some who believe in genetic determinism might argue
that the risk for women with a pathogenic variant is so high it cannot be modified by these
behaviors, this is not supported by published studies using this cohort which have observed
risk associations for women at increased genetic risk [17-19].

When examining the risk of breast cancer using the 2012 ACS Guideline, we observed a
lower breast cancer risk with adherence to any of the three non-dietary recommendations
versus none in this enriched cohort, which is similar to what prior studies have reported in
non-enriched cohorts of mostly older women [11-13]. While these prior studies observed a
statistically significant trend when examining extent of adherence, we did not observe this
using the 2020 ACS Guideline which includes the change in alcohol recommendation for
women from <7 drinks per week to no alcohol; however, our results using the 2012 ACS
Guideline suggested an inverse trend but it did not reach statistical significance. We also
found that a higher percentage of BRCA1/2 carriers than non-carriers adhered to any ACS
Guideline recommendation versus none which is consistent with what others have found
with other risk management guidelines [30].
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Previous work using one of the six BCFR sites observed a lower overall mortality for
women who adhered to the 2012 ACS Guideline [23]; the present results suggest that the
benefit could extend to a reduction in breast cancer risk. This is the first study to examine the
2020 ACS Guideline and breast cancer risk and the first to examine the association using a
cohort of younger women enriched for higher breast cancer risk.

Our study had some limitations. We excluded 3,389 women (26.1%) missing data on

BMI, alcohol consumption, or physical activity which may have introduced selection bias.
However, there were minimal differences between women excluded versus included in

the analysis, except that excluded women were slightly younger and more likely to be
non-Hispanic White than included women. Since younger age is negatively associated with
breast cancer risk but positively associated with adherence, excluding younger women may
have biased our results away from the null; however, our results were stronger and only
statistically significant in older women (postmenopausal and over the age of 60 years). We
were unable to assess all four components of the ACS Guideline due to incomplete dietary
data. However, a recent study observed no association between the 2012 ACS Guideline
diet recommendation and breast cancer incidence [31], so it is possible to conclude that the
omission of the diet recommendation did not materially affect our results. For the adherence
score variable, we gave equal weight to the three ACS Guideline recommendations (BMI,
alcohol consumption, and physical activity); however, it is likely these factors contribute
differentially to breast cancer risk. Lastly, this study may have been underpowered to detect
additive and multiplicative interaction.

The present findings, which are consistent with prior epidemiological studies in average-
risk populations, confirm that adherence to the weight, physical activity, and alcohol
consumption ACS Guideline recommendations might reduce breast cancer risk in
postmenopausal women at increased familial risk. Many women from high-risk families
fear that developing breast cancer is a matter of “when, not if”. Our findings reinforce the
importance of educating all women, especially those with baseline-elevated risk who may
feel there is little they can do to reduce their risk, that factors within their control could
reduce their breast cancer risk. Furthermore, weight management, physical activity, and
lowering alcohol intake could carry other health benefits without the negative aspects of
risk-reducing approaches such as prophylactic surgeries and chemopreventive medications.
In our cohort, adherence to the ACS Guideline was higher for younger versus older
women and primary care doctors could actively encourage young women to continue these
behaviors throughout the lifecourse. Future research should try to replicate these results
for high-risk women, including the dietary component of the ACS Guideline, using larger
cohorts of racial and ethnic minority populations.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Acknowledgments

We would like to thank all of the investigators, staff, and participants of the Breast Cancer Family Registry for
making this research possible.

Breast Cancer Res Treat. Author manuscript; available in PMC 2022 October 26.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Geczik et al. Page 10
Funding
This work was supported by the CTSA grant TL1TR001875 and U01 CA164920 from the USA National Cancer
Institute. The content of this manuscript does not necessarily reflect the views or policies of the National Cancer
Institute or any of the collaborating centers in the Breast Cancer Family Registry (BCFR), nor does mention of
trade names, commercial products, or organizations imply endorsement by the USA Government or the BCFR.
REFERENCES

1.

10

11.

12.

13.

14.

15.

16.

17.

18.

19.

Siegel RL, et al. , Cancer Statistics, 2021. CA Cancer J Clin, 2021. 71(1): p. 7-33. [PubMed:
33433946]

. Johnson RH, Chien FL, and Bleyer A, Incidence of breast cancer with distant involvement among

women in the United States, 1976 to 2009. JAMA, 2013. 309(8): p. 800-5. [PubMed: 23443443]

. Kehm RD, et al. , 40 Years of Change in Age- and Stage-Specific Cancer Incidence Rates in US

Women and Men. JNCI Cancer Spectr, 2019. 3(3): p. pkz038.

. Claus EB, et al. , Effect of BRCA1 and BRCA2 on the association between breast cancer risk and

family history. J Natl Cancer Inst, 1998. 90(23): p. 1824-9. [PubMed: 9839523]

. Dombernowsky SL, et al. , Missense polymorphisms in BRCA1 and BRCAZ2 and risk of breast and

ovarian cancer. Cancer Epidemiol Biomarkers Prev, 2009. 18(8): p. 2339-42. [PubMed: 19661094]

. Kuchenbaecker KB, et al. , Risks of Breast, Ovarian, and Contralateral Breast Cancer for BRCA1

and BRCA2 Mutation Carriers. Jama, 2017. 317(23): p. 2402-2416. [PubMed: 28632866]

. Narod SA, et al., Screening mammography and risk of breast cancer in BRCAL and BRCA2

mutation carriers: a case-control study. Lancet Oncol, 2006. 7(5): p. 402-6. [PubMed: 16648044]

. Breast Cancer Association C, et al. , Breast Cancer Risk Genes - Association Analysis in More than

113,000 Women. N Engl J Med, 2021. 384(5): p. 428-439. [PubMed: 33471991]

. Kushi LH, etal., American Cancer Society Guidelines on nutrition and physical activity for cancer

prevention: reducing the risk of cancer with healthy food choices and physical activity. CA Cancer J
Clin, 2012. 62(1): p. 30-67. [PubMed: 22237782]

. Rock CL, et al. , American Cancer Society guideline for diet and physical activity for cancer
prevention. CA Cancer J Clin, 2020.

Kabat GC, et al. , Adherence to cancer prevention guidelines and cancer incidence, cancer
mortality, and total mortality: a prospective cohort study. Am J Clin Nutr, 2015. 101(3): p. 558-69.
[PubMed: 25733641]

Thomson CA, et al. , Nutrition and physical activity cancer prevention guidelines, cancer risk,

and mortality in the women’s health initiative. Cancer Prev Res (Phila), 2014. 7(1): p. 42-53.
[PubMed: 24403289]

Catsburg C, Miller AB, and Rohan TE, Adherence to cancer prevention guidelines and risk of
breast cancer. Int J Cancer, 2014. 135(10): p. 2444-52. [PubMed: 24723234]

Terry MB, et al. , Cohort Profile: The Breast Cancer Prospective Family Study Cohort (ProF-SC).
Int J Epidemiol, 2016. 45(3): p. 683-92. [PubMed: 26174520]

John EM, et al. , The Breast Cancer Family Registry: an infrastructure for cooperative
multinational, interdisciplinary and translational studies of the genetic epidemiology of breast
cancer. Breast Cancer Res, 2004. 6(4): p. R375-89. [PubMed: 15217505]

von Elm E, et al. , The Strengthening the Reporting of Observational Studies in Epidemiology
(STROBE) statement: guidelines for reporting observational studies. J Clin Epidemiol, 2008.
61(4): p. 344-9. [PubMed: 18313558]

Kehm RD, et al. , Recreational Physical Activity Is Associated with Reduced Breast Cancer Risk
in Adult Women at High Risk for Breast Cancer: A Cohort Study of Women Selected for Familial
and Genetic Risk. Cancer Res, 2020. 80(1): p. 116-125. [PubMed: 31578201]

Kehm RD, et al. , Regular use of aspirin and other non-steroidal anti-inflammatory drugs and
breast cancer risk for women at familial or genetic risk: a cohort study. Breast Cancer Res, 2019.
21(1): p. 52. [PubMed: 30999962]

Zeinomar N, et al. , Alcohol consumption, cigarette smoking, and familial breast cancer risk:
findings from the Prospective Family Study Cohort (ProF-SC). Breast Cancer Res, 2019. 21(1): p.
128. [PubMed: 31779655]

Breast Cancer Res Treat. Author manuscript; available in PMC 2022 October 26.



1duosnue Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Geczik et al.

20.

21.

22.

23.

24,

25.

26.

217.

28.
29.

30.

31.

Page 11

Zeinomar N, et al. , Benign breast disease increases breast cancer risk independent of underlying
familial risk profile: Findings from a Prospective Family Study Cohort. Int J Cancer, 2019. 145(2):
p. 370-379. [PubMed: 30725480]

Neuhausen SL, et al. , BRCA1 and BRCA2 mutation carriers in the Breast Cancer Family
Registry: an open resource for collaborative research. Breast Cancer Res Treat, 2009. 116(2):

p. 379-86. [PubMed: 18704680]

Terry MB, et al. , 10-year performance of four models of breast cancer risk: a validation study.
Lancet Oncol, 2019. 20(4): p. 504-517. [PubMed: 30799262]

Cloud AJ, et al. , The impact of cancer prevention guideline adherence on overall mortality in a
high-risk cohort of women from the New York site of the Breast Cancer Family Registry. Breast
Cancer Res Treat, 2015. 149(2): p. 537-46. [PubMed: 25604794]

McCullough ML, et al. , Following cancer prevention guidelines reduces risk of cancer,
cardiovascular disease, and all-cause mortality. Cancer Epidemiol Biomarkers Prev, 2011. 20(6): p.
1089-97. [PubMed: 21467238]

Andersen S. Warren, et al. , Adherence to Cancer Prevention Guidelines and Cancer Risk in
Low-Income and African American Populations. Cancer Epidemiol Biomarkers Prev, 2016. 25(5):
p. 846-53. [PubMed: 26965499]

Spector D, Deroo LA, and Sandler DP, Lifestyle behaviors in black and white women with a family
history of breast cancer. Prev Med, 2011. 52(5): p. 394-7. [PubMed: 21396953]

Gail MH, et al. , Projecting individualized probabilities of developing breast cancer for white
females who are being examined annually. J Natl Cancer Inst, 1989. 81(24): p. 1879-86. [PubMed:
2593165]

Rothman KJ, Interactions between causes, in Modern Epidemiology. 1986. p. 311-326.

Shantakumar S, et al. , Age and menopausal effects of hormonal birth control and hormone
replacement therapy in relation to breast cancer risk. Am J Epidemiol, 2007. 165(10): p. 1187-98.
[PubMed: 17337757]

Buchanan AH, et al. , Adherence to Recommended Risk Management among Unaffected Women
with a BRCA Mutation. J Genet Couns, 2017. 26(1): p. 79-92. [PubMed: 27265406]

Cifu G and Arem H, Adherence to lifestyle-related cancer prevention guidelines and breast cancer
incidence and mortality. Ann Epidemiol, 2018. 28(11): p. 767-773.e1. [PubMed: 30309689]

Breast Cancer Res Treat. Author manuscript; available in PMC 2022 October 26.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Geczik et al. Page 12

Table 1:

Baseline characteristics of women in the Breast Cancer Family Registry by adherence score for the American
Cancer Society Guideline for Cancer Prevention recommendations on weight, physical activity, and alcohol
consumption

Adherence Score (n=9,615)

0 1 2 3
(n=624) (n=3,034) (n=4,251) (n=1,706)
6.5% 31.6% 44.2% 17.7%
Baseline Characteristics
Median time from baseline to breast cancer diagnosis (years) 6.0 6.7 7.1 6.9
Age at baseline (mean+SD) 52.3+13.1 50.6+14.2 47.4+15.2 43.9£15.2
Age at diagnosis (mean+SD) 63.1£12.6 60.6+12.8 57.6+13.0 53.6+12.3
Age at menarche (mean+SD) 12.6+1.6 12.7+1.6 12.9+1.6 13.0+1.6
n % n % n % n %
Breast Cancer Cases 55 8.8 202 6.7 258 6.1 103 6.0
Race and ethnicity
Asian 9 14 113 3.7 238 5.6 181 10.6
Hispanic 92 | 147 | 496 | 16.3 | 625 | 14.7 189 | 111
non-Hispanic Black 57 9.1 297 9.8 361 8.5 75 4.4
non-Hispanic White 436 | 69.9 | 2035 | 67.1 | 2888 | 67.9 | 1202 | 70.5
Other? 30 4.8 90 3.0 122 2.9 56 3.3
Missing 0 0.0 3 0.1 17 0.4 3 0.2
Education
High school graduation/GED or less 277 | 444 | 1181 | 389 | 1266 | 29.8 | 399 | 234

Vocational or technical school/some college or university 234 | 37.5 | 1032 | 34.0 | 1471 | 346 | 571 | 335

Bachelor’s degree or higher 110 | 176 | 814 | 26.8 | 1502 | 35.3 | 733 | 43.0

Missing 3 0.5 7 0.2 12 0.3 3 0.2

Smoking status

Never 238 | 38.1 | 1645 | 54.2 | 2660 | 62.6 | 1284 | 75.3
Former 246 | 39.4 | 901 | 29.7 | 1066 | 25.1 | 303 | 17.8
Current 137 | 22.0 | 477 | 157 | 516 | 121 | 111 6.5
Missing 3 0.5 11 0.4 9 0.2 8 0.5

Breastfed child for at least 1 month or longer

No 276 | 44.2 | 1304 | 43.0 | 2038 | 479 | 828 | 485
Yes 342 | 54.8 | 1707 | 56.3 | 2188 | 51.5 | 865 | 50.7
Missing 6 1.0 23 0.8 25 0.6 13 0.8

Oral contraceptive use

Never 157 | 252 | 887 | 29.2 | 1242 | 29.2 | 548 | 32.1
Ever 467 | 748 | 2138 | 70.5 | 2995 | 70.5 | 1155 | 67.7
Missing 0 0.0 9 0.3 14 0.3 3 0.2
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Adherence Score (n=9,615)

(n=624) (n=31,034) (n=42,251) (n=1?,)706)
6.5% 31.6% 44.2% 17.7%

Menopausal hormone use

Never 400 | 64.1 | 2119 | 69.8 | 3124 | 73.5 | 1331 | 78.0

Ever 219 | 35.1 | 883 | 29.1 | 1080 | 25.4 | 357 | 20.9

Missing 5 0.8 32 11 47 11 18 11
Number of live births

None 88 | 141 | 554 | 18.3 | 1081 | 254 | 511 | 30.0

1-2 241 | 386 | 1194 | 39.4 | 1611 | 379 | 658 | 38.6

3+ 295 | 473 | 1284 | 42.3 | 1559 | 36.7 | 536 | 314

Missing 0 0.0 2 0.1 0 0.0 1 0.1
BRCAL/2 pathogenic variant status

BRCA]/ZNegativeb 612 | 98.1 | 2910 | 959 | 3981 | 93.6 | 1527 | 89.5

BRCA1/2Positive 12 1.9 124 4.1 270 6.4 179 | 105

Page 13

Abbreviations: BMI, body mass index; ACS, American Cancer Society; SD, standard deviation; GED, general educational development; BRCA,

breast cancer gene.

a. . . . . .
The race and ethnicity category “other” was created based on self-reported “American Indian, Aleutian, or Eskimo” or “other” groups.

b’This group included women tested and not tested for BRCA1/2 pathogenic variants. BRCA1/2testing was typically done on the youngest

affected family member and if a BRCA1/2 pathogenic variant was found, then family members were tested; therefore, women not tested are

assumed negative.
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Table 2:

Hazard ratios and 95% confidence intervals for the association between adherence to the American
Cancer Society Guideline for Cancer Prevention recommendations on weight, physical activity, and alcohol
consumption and risk of breast cancer for women in the Breast Cancer Family Registry

Model 12 Model 2b
BC events = 618 BC events = 618

person-years=112,180.0 person-years=112,180.0
Binary BC | Person-years | HR 95% ClI p-value HR 95% ClI p-value
Adherent on none of the recommendations | 55 7157.2 1.00 ref 1.00 ref
Adherent on any of the recommendations 563 105022.9 0.77 | (0.58-1.02) 0.73 | (0.55-0.97)
ACS Adherence Score
Adherent on none of the recommendations | 55 7157.2 1.00 ref 1.00 ref
Adherent on 1 recommendation 202 34926.1 0.78 | (0.58-1.06) 0.76 | (0.56-1.03)
Adherent on 2 recommendations 258 49614.0 0.75 | (0.56-1.01) 0.71 | (0.53-0.96)
Adherent on 3 recommendations 103 20482.8 0.78 | (0.56-1.09) 0.73 | (0.52-1.02)
p for trend 0.27 0.12

Abbreviations: BC, Breast Cancer; HR, hazard ratio; Cl, confidence interval; GED, general education degree; OC, oral contraceptive; MHT,
menopausal hormone therapy

a’ModeI 1 is stratified by birth cohort (<1950, 1950-1959, 1960-1969, >1970)

b’ModeI 2 is stratified by birth cohort (<1950, 1950-1959, 1960-1969, =1970) and adjusted for race and ethnicity (Asian, Hispanic, non-Hispanic
Black, non-Hispanic White, other), education (less than high school graduation/GED, vocational or technical school/some college or university,
Bachelor’s degree or graduate school), cigarette use (never, former, current), OC use (never, ever), MHT use (never, ever), parity (none, 1-2 live
births, 3+ live births), breastfeeding (never, ever), and age at menarche (continuous)

Note: Age was used as the underlying time scale

Breast Cancer Res Treat. Author manuscript; available in PMC 2022 October 26.



Page 15

Geczik et al.

sjueLien o1uaBoyled 20xg 10 T04g UMOUY Se paulap aasod Z/7Voxg

q

"aA11eBaU PaLINSSe ale Palsal 10U USWOM ‘910481a) ‘palsa) 81am Siaquuawl Ajilie) usy) ‘punoy sem
ueLieA d1uaboyred Z/To4g © J1 pue Jaquiaw Ajiwey paidage 1sabunoA ayy uo auop AjjedaidAl sem Bunsel z/ry0ag "paisal 10U Jo sjueLieA dlusboyred Z/oyg 10 T/ 0&g Ou Se paulyap m>=mmmcw\w_\b&,m.m

Adesayy suowloy fesnedousiu ‘1 HIAl ‘9ANdaoenu0d 810 ‘D0 ‘82168p UOITEINPS [2Jaush ‘IO ‘[eAlslul 80UBPIIUOD ‘| ‘0l1e) pIeZRy ‘YH ‘18oue) 1seald ‘Og ‘auab 1aoued 1seaiq ‘YOG :SUOIRIASIGY

(68°0—7%'0) | €90 (e6°0-2%°0) | 9970 L'v166€ 69z (05'T-95°0) | 2670 (09T-09°0) | 8670 2'8v059 862 | suomepuswiLIodal By} J0 Aue Lo WBlBYPY
Jal 00T Jal 00T 1'298¢ 8¢ Jal 00T Jal 00T S'Y62¢ LT | SUOIEPUBWILIODSI U} JO 3UOU UO JUBIBYPY
1D %56 dH 10 %56 dH | ssesk-uosiad | 09 10 %56 UH 10 %56 UH | stesk-uosiad | 09
|2 19PON ot 13PON |2 19PON 5T 13PON
"/ £8'Ey=sreak-uosiad 1 2ve'g9=s1eak-uos.iad
€0€ = Siusns Dg GTE = Slusns Og
u_mm:mo_ocmEumon_ u_mmsmao%EEn_
(e6'0-05°0) | 890 (96°0-€5°0) | 120 8'TZTS8 89% (60€-1¥0) | 12T (Lve-1570) | ov'T T'T066T g6 suolepusLIWOodal 8y} Jo Aue uo Jusisypy
Jal 00T Jal 00T 11,89 09 Jol 00T Jol 00'T T082T q suolepuswiodal ayl JO sauou uo juslaypy
10 %66 dH 10 %56 UH | ssesk-uosiad | 09 1D %56 UH 1D %56 UH | stesk-uosiad | 09
|2 19PON ot 13PON |2 19PON oT 13PON
8'866'06=S4eak-uos.iad Z' 18T 'Tg=sleak-uos.iad
0£Z = SIUaAs O 00T = S1UBA8 O
UEBWE Ajwe4 o\cem_; Ajwey oN
(0z'1-91°0) | €v0 (ZT1-€T°0) | OFO 7'68¢5 08 (56'0-€570) | T2°0 (66'0-65°0) | v2°0 9°€£966 €8y | suomepuswiLiodsl 8y} Jo Aue U0 walByYpY
Jal 00T Jal 00T £'68 € Jal 00T J01 00T 6°290/ 26 | suonepuswiwodal 8y 0 dUOU UO JuBIBYPY
10 %56 dH 10 %56 dH | ssesk-uosiad | 09 1D %56 UH 1D %56 UH | stesk-uosiad | 09
[2 19PON ot 13PON |2 19PON T 13PON
G'8/¥'g=s1eak-uos.iad G'T0/'90T=sJeak-uos.iad
€8 = S1UdA3 Og GEG = SJusns Og
®MHs0d ZTYoug e2NIeBaN 2Ty

AnsiBay AjiweS 19our) 1Seaig ay) Ul UBLIOM o) snels [esnedousiu pue ‘19oued 1sealq Jo A1oisiy Ajiwe) aaiBap-1si1)
‘snyels JueLieA olusBouyred Z/Todg AQ palsiens J1adued 1sealq Jo ¥sii pue uondwnsuod [oyodfe pue ‘Alianoe [eaisAyd yBlam uo sUOITePUSLLILLODAI
uonuaAald Jsoue) J1oJ aulaping A18100S Jaoue) UedLIaWY ay] 0] 80Ualaype UasmIag UOIBIJOSSE a1 J0) S|eAIsIUl 80USPIILUOD 9466 pue solel piezeH

Author Manuscript

‘€ 9|geL

Author Manuscript

Author Manuscript

Author Manuscript

Breast Cancer Res Treat. Author manuscript; available in PMC 2022 October 26.



Page 16

Geczik et al.

'snyels jesnedousw
Joy uonoesBul (L€°0 ‘0T'T- ‘1D %S6 ‘LE'0-=143) anmppe 1o (L1°0=d) aAnedijdiyinw oN "18oued isesiq Jo Aloisiy Ajiwey sa16ep-1siy 1oy uonoesslul (T6°0 ‘08°2— 10 %S6 ‘¥6'0—=14F) dAIIPpE 10
(zz'0=d) anneaidiinw oN ‘sniels eLeA aluabouyied z/7 &g 104 uondesaul (2z°9-6T TT- 1D %S6 ‘9 2-=1434) annippe Jo (£'0=d) aanreardininw oN ‘ajeds awin BuiAjJapun sy se pasn sem aby :810N

(snonunuod) aydJeusw Je abe pue ‘(J19As ‘Jansu) payisealq ‘(SYmIqg A1 +€ ‘SUMIQ aAl] Z-T ‘euou) Aled ‘(Jans
‘Janau) asn ] HIN ‘(1ane ‘Janau) asn DO ‘(1uaind ‘Jawioy ‘1aAsu) asn anaebio ‘(Jooyds ayenpelh Jo 8aibap s, Jojayoeg ‘Alsianiun 1o 9631109 aWOS/|00YIS [eIIUYIS) 10 [eUOIIRIOA ‘gJ9/uoirenpeld jooyas ybiy

Uey} SS3]) U01EINPS ‘(4ay30 ‘SHYAN dluedsiH-Uou >{oe|g dluedsiH-uou ‘ojuedsiH ‘Uelsy) Anoluyis pue soel oy paisnipe pue (0L6T< ‘696T—096T ‘6S6T—0S6T ‘0G6T>) HOY0d Yuiq Aq payiyens si g _%o_zu

(026T< ‘696T-096T '656T—0S6T ‘0G6T>) MOY0D yUIq Aq paiyiyeds si T 18PON.
"(Lpoq Joy sreak GG abie) siexows-uou pue siaxouws Joj asnedousw |ednieu e abe Jo ajiIuaalad Y106 ay) UO paseq elep ayr paindwil pue snyels jesnedouawu Buissiw wEg_o_tmn_vQ
192URD 1SBaIq YIIM SaAlle|al aaibap-1si1) 810w 10 auo Buiney se paulgap A10lsiy >__Em“_.u

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

available in PMC 2022 October 26.

Breast Cancer Res Treat. Author manuscript



1duosnuey Joyiny

Geczik et al. Page 17

Table 4:

Hazard ratios and 95% confidence intervals for the association between adherence to the American

Cancer Society Guideline for Cancer Prevention recommendations on weight, physical activity, and alcohol
consumption and risk of estrogen receptor-positive (ER+) breast cancer for women in the Breast Cancer
Family Registry

Model 12 Model 2
BC events = 230 BC events = 230
person-years=109,171.9 person-years=109,171.9
BC | Person-years HR 95% CI HR 95% CI
Adherent on none of the recommendations | 23 6897.8 1.00 ref 1.00 ref
Adherent on any of the recommendations 207 102274.1 0.69 (0.45-1.08) 0.63 (0.40-0.98)

Abbreviations: BC, Breast Cancer; HR, hazard ratio; Cl, confidence interval; GED, general education degree; OC, oral contraceptive; MHT,
menopausal hormone therapy

a'ModeI 1 is stratified by birth cohort (<1950, 1950-1959, 1960-1969, >1970)

b’ModeI 2 is stratified by birth cohort (<1950, 1950-1959, 1960-1969, 21970) and adjusted for race and ethnicity (Asian, Hispanic, non-Hispanic
Black, non-Hispanic White, other), education (less than high school graduation/GED, vocational or technical school/some college or university,
Bachelor’s degree or graduate school), cigarette use (never, former, current), OC use (never, ever), MHT use (never, ever), parity (none, 1-2 live
births, 3+ live births), breastfeeding (never, ever), and age at menarche (continuous)

Note: Age was used as the underlying time scale.
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