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Simple Summary: Regular physical activity has long been recognized as an important preventive
measure against many chronic diseases including breast cancer. Whether the benefits differ by time
in life or body composition are yet to be answered. With this research, we aimed to expand the
knowledge regarding the association between physical activity and breast cancer risk. We confirmed
an overall 23% lower long-term breast cancer risk among women engaging in high (corresponding to
>1 h daily walking per week) vs. low physical activity and showed that physical activity exerts its
greatest benefits to women during or after menopause, or among women with body compositions
(waist circumference, body fat, or BMI) in the upper-normal-to-overweight range.

Abstract: Being physically active as part of everyday life reduces breast cancer risk. Less is known
whether the benefits of an active lifestyle differ depending on the timing of physical activity in
life or anthropometric characteristics. The aim of this study was to bring further insights to the
association of physical activity in relation to menopausal status and body composition with breast
cancer risk by making use of a prospective Swedish cohort (Malmo Diet and Cancer Study) with
long-term follow-up. Physical activity information of 15,983 participants for the past 12 months prior
to study entry was assessed according to metabolic equivalent task (MET)-hours/week to integrate
duration and intensity of reported activities. During 23.2 years median follow-up, 1302 invasive
breast cancers occurred. Women reporting a high physical activity at study baseline, corresponding
to >1 h daily walking/week (>28.5 MET-h/week), had a 23% lower long-term breast cancer risk
(HRyg5 = 0.77, 95% CI 0.66-0.90) than those reporting low physical activity, being most pronounced
among perimenopausal and postmenopausal women, and women with waist circumference, body
fat percentage, or BMI in the upper-normal and overweight range. For premenopausal women or
women having obesity or the largest body composition, high physical activity alone did not modify
the breast cancer risk, suggesting additional preventive measures indicated in these groups to reduce
the long-term risk of breast cancer.

Keywords: breast cancer; physical activity; menopausal status; body composition

1. Introduction

Female breast cancer has become the most frequently diagnosed cancer in the world
with 2.26 million new cases in 2020 and remains the leading cause of cancer death among
women [1]. The almost-steady increase in breast cancer incidence in the transitioned coun-
tries has in part been attributed to the lifestyle changes in parallel to the socio-economic
developments that have occurred in the past century, especially since the 1980s [1], such as
less and/or late reproduction, alcohol consumption, a diet rich in energy and fatty acids,
and low levels of physical activity [2]. The latter two lifestyle changes have also contributed
to the emergence of an overweight and obesity epidemic [3] in which globally, 39% and
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13% of adults are estimated to be overweight and obese, respectively [4]. The definitions of
overweight and obesity are determined by the World Health Organization (WHO) with
the use of body mass index (BMI) as a measure of weight-to-height, with individuals who
have a BMI of 25.0-29.9 kg/m? and >30.0 kg/m? referred to as overweight and obese,
respectively [4]. Having a high BMI, through evidence from observational studies, has
been established as a risk factor for developing a wide variety of health conditions, such as
cardiovascular diseases [5], type 2 diabetes [6], clinical depression [7], and certain cancer
types including postmenopausal breast cancer [8]. The association between high BMI and
an increased risk of postmenopausal breast cancer has been postulated in part via the ele-
vated levels of estrogen due to its biosynthesis in the adipose tissue [9]. In premenopausal
women, having a high BMI has been reported to be neutrally or inversely associated with
breast cancer risk, although subtype-specific differences have been reported [10-12].

Leisure-time physical activity has, in addition to achieving and maintaining a healthy
weight, been associated with a lower risk of at least 13 different types of cancer, including
breast cancer, and may relate to its modulation of certain hormones (e.g., estrogen, insulin,
insulin-like growth factors, and various adipokines) and the immune system [13-15]. The
inverse association between physical activity and breast cancer risk has been reported
for both pre- and postmenopausal breast cancer [16-18], although, the evidence is less
for premenopausal cancer than its postmenopausal counterpart [17,19]. Mixed results on
the modifying effects of BMI exist with regard to physical activity and breast cancer risk,
and few studies have examined associations with adiposity measures beyond BMI [13,20].
Between 2013-2016, the overall proportion of breast cancer cases in the USA attributable
to physical inactivity was estimated to be 6.3% [21]. Regular physical activity has been
recommended as a preventive measure against breast cancer by the WHO which, when
taken together with all other recommended measures (e.g., weight control, avoidance of
alcohol and tobacco, and prolonged hormone use), bears the estimated potential to decrease
breast cancer risk by up to 30% [22].

Despite the associations established so far, more links between physical activity and
breast cancer risk reduction are yet to be elucidated to fill the knowledge gap whether
the benefits vary with regard to time in life and body composition. These novel under-
standings are necessary in order to intervene and influence in a beneficial direction for
the better health of women. The aim of this study was to investigate the associations
between physical activity and breast cancer risk in relation to menopausal status and body
composition assessed by waist circumference, body fat percentage, and BMI, by making
use of a prospective Swedish cohort with long-term follow-up.

2. Materials and Methods
2.1. Study Population

The participants in the study population were recruited in Malmo, Sweden, from 1991-
1996 for the observational Malmo Diet and Cancer Study (MDCS) that aimed to elucidate
potential associations between dietary habits and cancer development in a prospective
manner. Residents of Malmo who were born between 1923-1950 were invited to the study,
and a total of 28,098 participants, of whom 17,035 were women, were enrolled and provided
with a written informed consent. At study entry, baseline data regarding socioeconomic
status, lifestyle (including physical activity) and reproductive factors of the participants
were collected through a self-reported questionnaire, and anthropometric measurements
were taken by trained research nurses. Ethical approvals for the MDCS (LU 51-90) and the
present study (Dnr 652/2005, 2014/830) were obtained from the regional ethics committee
in Lund.

2.2. Eligibility and Exclusion Criteria

Women were excluded from the present study if having prevalent breast cancer
(n = 576), missing or unrealistic physical activity reports (n = 451, including two individ-
uals with >16 h activity/day), and missing or extreme anthropometric measures (1 = 25,
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including one woman with a waist circumference of 50 cm and a BMI of 34.6 kg/m?, and
one woman with a waist circumference of 841 cm). The remaining 15,983 women were
included in the present study (Figure 1).

Malmo Diet and Cancer—Female cohort
included 1991-1996 (n=17,035)

Women with prevalent
breast cancer (n=576)

_________________ >

Women with no prior
breast cancer (n=16,459)

Physical activity information
_________________ > missing or unrealistic (n=451)

Anthropometric measures
missing or extreme (n=25)

Women included in present study
(n=15,983)

V V

Women with no breast cancer Women with incident invasive
diagnosis as of 2018 (n=14,681) breast cancer as of 2018 (n=1302)

Figure 1. CONSORT flow diagram of the study population.

2.3. Physical Activity Assessment

Participating women provided detailed information through self-reported question-
naires regarding their weekly physical activity in leisure time and movement to and from
work over the four seasons during the preceding year prior to study entry. The physi-
cal activity questionnaire applied in the MDCS was adapted from a modified Minnesota
Leisure Time Physical Activity questionnaire [23] and has later been validated against an
accelerometer monitoring at a reexamination of a random subgroup of 369 male and female
MDCS participants [24]. In total, 17 types of activities were recorded, including badminton,
ballroom dancing, cycling, digging, folk dancing, gardening, golf, grass cutting, jogging,
keep-fit exercise, orienteering, soccer, swimming, table tennis, tennis, walking, and walking
stairs. The level of physical activity was computed according to international standards for
metabolic equivalent task (MET)-hours per week to incorporate the duration and intensity
of reported activities. For each activity, the average hours per week that were spent across
all seasons were multiplied with their corresponding metabolic equivalents value according
to the 2011 Adult Compendium of Physical Activities [25]. The weekly MET-hours for all
17 types of activities were then summarized for each participant. Finally, based on the
median of total MET-hours per week (MET-h/week) in the study population, physical ac-
tivity levels were dichotomized as low (<28.5 MET-h/week) or high (>28.5 MET-h/week),
equivalent to less or more than one hour of daily walking per week, respectively.

2.4. Definition of Subgroups by Menopausal Status and Body Composition

Women were defined according to their menopausal status at baseline and categorized
as premenopausal, perimenopausal, and postmenopausal. Women were considered post-
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menopausal if having undergone bilateral oophorectomy or if menstruation had ceased
>2 years prior to baseline; perimenopausal if menstruation had ceased <2 years prior to
baseline. If the above information was unavailable (<2% of the women), the women were
considered postmenopausal if 55 years or older at baseline; perimenopausal if 42-54 years
at baseline. The remaining women were classified as premenopausal. Participants were fur-
ther described by four categories of waist circumference: lowest (<73.0 cm), lower-middle
(73.0-76.9 cm), upper-middle (77.0-83.9 cm), and highest (>84.0 cm), corresponding to
European clothing sizes small, medium, large, and extra-large, respectively. BMI was cate-
gorized into lower-normal (<23.0 kg/m?), upper-normal (23.0-24.9 kg/m?), overweight
(25.0-29.9 kg/m?), and obese (>30.0 kg/m?). Body composition measures of total body fat
mass were recorded using Bioelectrical Impedance Analyzer BIA 103 (RL] Systems, Clinton
Township, MI, USA), with body fat percentage calculated as 100 * (fat weight/weight).
Body fat percentage was categorized into lowest (<28.0%), lower-middle (28.0-31.9%),
upper-middle (32.0-34.9%), and highest (>35.0%), approximating body fat classifications
for women aged 50-69 as good, fair, poor, and high, respectively.

2.5. Endpoint

Information and date of breast cancer diagnosis was obtained from the Swedish Cancer
Register. Emigration was identified through the Swedish Population Register. Date of
death was obtained from the Swedish Cause of Death Register. The primary endpoint and
indicator of event for the present study was incident invasive breast cancer. Participants
were followed from the date of study entry to the date of breast cancer diagnosis, and were
censored in the event of emigration, death, or end of follow-up until 31 December 2018.

2.6. Statistical Analysis

The incidence of invasive breast cancer was calculated per 100,000 person-years
(BCs/100,000 py) as an estimate of absolute risk according to the level of physical ac-
tivity for all women and stratified by menopausal status or anthropometric measures. The
relative risk of invasive breast cancer comparing high vs. low levels of leisure time physical
activity was calculated and expressed as a difference in percentage. The Kaplan-Meier
curve and LogRank test were used to compare differences between groups of women with
high or low physical activity, and to visually evaluate the proportional hazards assump-
tion. Due to signs of assumption violation in the early period, LogRank test and subse-
quent analyses were performed both for the complete follow-up period and for the early
(0-11 years) and late (12+ years) periods, separately. Age-adjusted and multivariable-
adjusted Cox regression analyses providing hazard ratios (HR) with 95% confidence inter-
val (95% CI) for breast cancer risk according to high vs. low levels of physical activity were
performed with duration of follow-up as the underlying timescale.

Covariate Adjustments

Subgroup analyses for menopausal status, waist circumference, BMI, and body fat
were also conducted. The multivariable model was adjusted for age at baseline (continuous),
age at menarche (<12 years, 13-14 years, >15 years), parity (0, 1, 2, 3, 4, or more), age at first
childbirth (nulliparous, <20 years, 21-25 years, 26-30 years, >30 years), oral contraceptive
use (never, ever), current hormone replacement therapy (no, yes), socioeconomic index
(manual worker, nonmanual worker, employer/self-employed), and alcohol consumption
(nothing last year, something last year, something last month). Models for all women or
stratified by body composition (waist circumference, BMI, or body fat percentage) were
additionally adjusted for age at menopause (pre/perimenopausal, hysterectomy/bilateral
oophorectomy, postmenopausal <44, 45-54, >55 years). All statistical analyses were
conducted on SPSS (IBM Version 27 for Mac).
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3. Results
3.1. Baseline Characteristics Based on Physical Activity Levels

The baseline characteristics were similar overall between women who were included
in the study and engaged in low levels (<28.5 MET-h/week, n = 7990) or high levels
(>28.5 MET-h/week, n = 7993) of physical activity (Table 1). The median age at baseline
was 56.6 and 56.3 years for low and high physical activity groups, respectively. Women
who were not included in the study were older at baseline, younger at first breast cancer
diagnosis, more frequent manual workers, and less likely to have had children compared
to women who were included. Among the included study participants, anthropometric
measures and reproductive factors were similar across low and high physical activity
groups, whereas the low physical activity group had a higher frequency of manual work-
ers and women who did not consume alcohol in the past year than the high physical
activity counterpart.

Table 1. Distribution of established and potential risk factors for breast cancer at baseline among
included and excluded women.

Physical Activity Level

All Low High Not Included
(n =17,035) (n =7990) (n =7993) (n =1052)
Age at baseline 56.7 (50-63.8) 56.6 (50.0-63.3) 56.3 (49.8-63.8) 61 (53.8-66)

Age at diagnosis 64.6 (56.2-72) 68.5 (62.4-74.2) 67.2 (61.6-74.0) 52.7 (46.7-60.4)
ANTHROPOMETRY
Weight (kg) 66 (60-74) 67 (60-75) 66 (60-73) 68 (61-77)
Height (cm) 164 (160-168) 163 (159-168) 164 (160-168) 163 (159-167)
Waist (cm) 76 (70-83) 77 (71-85) 75 (70-82) 78 (72-87)
Hip (cm) 97 (91-103) 97 (92-104) 96 (91-102) 98 (93-106)
BMI (kg/m?) 24.7 (22.5-27.7) 24.9 (22.7-28.0) 244 (22.3-27.1) 25.5(22.9-28.7)
Body fat (%) 31 (28-34) 31 (28-35) 30 (27-34) 32 (29-35)
SOCIOECONOMY
Occupation
Manual worker 6430 (38.1) 3098 (39.2) 2879 (36.3) 453 (44.2)
Nonmanual worker 9156 (54.3) 4226 (53.4) 4434 (55.9) 496 (48.4)
Employer /self-employed 1276 (7.6) 587 (7.4) 614 (7.7) 75 (7.3)
Missing 173 (1.0) 79 (1.0) 66 (0.8) 28 (2.7)
LIFESTYLE AND
REPRODUCTIVE FACTORS
Age at menarche
<12 years 3726 (22) 1778 (22.4) 1739 (21.9) 209 (20.3)
13-14 years 9013 (53.3) 4203 (52.9) 4275 (53.9) 535 (51.8)
>15 years 4171 (24.7) 1963 (24.7) 1920 (24.2) 288 (27.9)
Missing 125 (0.7) 46 (0.6) 59 (0.7) 20 (1.9)
Parity
0 2184 (13.0) 968 (12.3) 1046 (13.3) 170 (16.5)
1 3640 (21.7) 1729 (22.0) 1635 (20.8) 276 (26.8)
2 6990 (41.7) 3283 (41.8) 3350 (42.6) 357 (34.7)
3 2813 (16.8) 1339 (17.0) 1329 (16.9) 145 (14.1)
4 or more 1118 (6.7) 540 (6.9) 498 (6.3) 80 (7.8)
Missing 290 (1.7) 131 (1.6) 135 (1.7) 24 (2.3)
Age at first childbirth
Nulliparous 2184 (13.1) 968 (12.3) 1046 (13.3) 170 (16.6)
<20 years 2832 (16.9) 1379 (17.6) 1278 (16.3) 175 (17.1)
21-25 years 5970 (35.7) 2772 (35.3) 2856 (36.4) 342 (33.4)
26-30 years 4151 (24.8) 1952 (24.9) 1962 (25.0) 237 (23.1)
>30 years 1596 (9.5) 783 (10.0) 712 (9.5) 101 (9.9)
Missing 302 (1.8) 136 (1.7) 139 (1.7) 27 (2.6)

Oral contraceptive use
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Table 1. Cont.

Physical Activity Level

All Low High Not Included
(n =17,035) (n =7990) (n =7993) (n =1052)
Never 8665 (50.9) 4016 (50.3) 4022 (50.4) 627 (60.1)
Ever 8354 (49.1) 3972 (49.7) 3966 (49.6) 416 (39.9)
Menopausal status
Premenopausal 4452 (26.1) 2110 (26.4) 2189 (27.4) 153 (14.5)
Perimenopausal 1195 (7.0) 553 (6.9) 581 (7.3) 61 (5.8)
Postmenopausal 11,388 (66.9) 5327 (66.7) 5223 (65.3) 838 (79.7)
Current HRT use
No 13,111 (77.2) 6138 (77.0) 6064 (76.1) 909 (86.6)
Yes 3877 (22.8) 1829 (23.0) 1907 (23.9) 141 (13.4)
Alcohol
Nothing last year 1947 (11.5) 966 (12.1) 768 (9.6) 213 (20.6)
Something last year 2054 (12.1) 966 (12.1) 917 (11.5) 171 (16.5)
Something last month 12,997 (76.5) 6046 (75.8) 6299 (78.9) 652 (62.9)
Missing 37(0.2) 12 (0.2) 9(0.1) 16 (1.5)
Physical activity
Activity time (min/week) 376 (225-576) 228 (150-301) 578 (463-760) 368 (214-543)
MET-hours/week 28.3 (17.3-43.5) 17.3 (11.4-22.8) 43.7 (35.0-57.4) 27.5 (16.1-41.3)

Data presented as median (interquartile range; IQR) or total numbers (valid column %). Missing data are shown
as total % and not presented if missing <1% in all columns.

3.2. Physical Activity Levels in Relation to Breast Cancer Status

Physical activity levels were lower among women who developed breast cancer
compared to women who did not, both in min/week (353 (interquartile range; IQR
222-555) vs. 380 (IQR 228-580), respectively) and MET-h/week (26.7 (IQR 17.0-42.0) vs. 28.6
(IQR 17.3-43.9), respectively) (Table 2). The differences in physical activity levels between
women who developed breast cancer or not were most pronounced in perimenopausal and
postmenopausal women, among women who had lower-middle and upper-middle waist
circumference, in women with upper-normal and overweight BMI, and lower-middle and
upper-middle body fat percentages.

3.3. Breast Cancer Incidence Based on Physical Activity Levels

The median follow-up time was 23.2 years (IQR 19.1-25.2) and median time to breast
cancer diagnosis was 12.2 years (IQR 6.9-17.6). During follow-up, 1302 women among
15,983 participants had developed breast cancer. Of the women diagnosed with breast
cancer, 699 were in the low physical activity group and 603 in the high physical activity
group (Table 3). Overall, the breast cancer incidence per 100,000 person-years was 418 and
356 for low and high physical activity, respectively, corresponding to the relative risk of
developing breast cancer to be reduced by 14.9% with high physical activity compared to
low physical activity. Considering menopausal status, the most pronounced reductions in
relative risk were observed among peri- (—34.4%) and postmenopausal (—16.7%) women.
In relation to body composition, the largest difference in absolute and relative risk of breast
cancer when comparing high vs. low physical activity were found among women with
lower-middle (—33.1%) and upper-middle (—30.0%) waist circumferences, upper-normal
(—20.6%) and overweight (—19.7%) BMI levels, and lower-middle (—20.2%) and upper-
middle (—23.1%) body fat percentages (Table 3). Premenopausal women and women who
had the leanest or largest body compositions benefited to a lesser extent from high levels of
physical activity.
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Table 2. Physical activity levels according to menopausal status or body composition, among all

women and by breast cancer status.

All Women

min/Week

MET-h/Week

No Breast Cancer

min/Week

MET-h/Week

Breast Cancer

min/Week

MET-h/Week

All

Menopausal status
Premenopausal
Perimenopausal
Postmenopausal

Waist circumference (cm)
Lowest (<73.0)
Lower-middle

(73.0-76.9)

Upper-middle

(77.0-83.9)

Highest (>84.0)

Body Mass Index (kg/m?)
Lower-normal (<23.0)
Upper-normal

(23.0-24.9)

Overweight (25.0-29.9)
Obese (>30.0)

377 (228-578)

371 (228-558)
367 (227-562)
383 (226-590)
408 (253-605)
380 (233-576)

370 (222-569)
343 (195-536)

393 (240-595)
390 (240-575)

375 (225-588)
330 (183-522)

28.5 (17.3-43.7)

289 (17.8-43.4)
29.0 (17.8-42.8)
28.1 (17.0-43.9)
31.0 (19.4-46.0)
29.0 (18.0-43.5)

28.0 (17.0-43.0)
254 (14.6-40.2)

30.0 (18.7-45.0)
29.3 (18.4-43.8)

28.0 (17.0-44.0)
24.2 (14.0-39.0)

380 (228-580)

372 (228-555)
373 (230-564)
385 (228-593)
408 (253-605)

385 (235-585)

376 (223-575)
343 (195-538)

393 (240-595)
393 (240-576)

379 (225-595)
330 (181-520)

28.6 (17.3-43-8)

29.0 (17.7-43.2)
29.4 (17.9-43.4)
28.3 (17.0-44.1)
31.0 (19.5-46.0)
29.4 (18.2-44.0)

28.0 (17.1-43.3)
255 (14.4-40.2)

30.1 (18.7-45.2)
29.6 (18.4-43.9)

28.1(17.0-44.5)
24.3 (13.8-38.9)

353 (222-555)

368 (230-582)
328 (210-501)
348 (220-548)
416 (248-601)
330 (213-509)

328 (206-508)
338 (212-530)

378 (229-585)
354 (240-553)

343 (215-525)
333 (203-535)

26.7 (17.0-41.9)

28.2 (18.7-44.6)
24.6 (154-39.1)
26.1 (16.3-41.0)
31.0 (19.3-46.5)
24.9 (16.8-39.1)

24.4 (15.4-38.4)
25.0 (15.7-40.3)

29.1 (18.3-44.1)
26.9 (18.0-41.9)
(
(

26.0 (16.3—40.8)
23.7 (15.0-40.3)

BOdy fat (o/o)

Lowest (<28.0) 414 (255-607) 317 (20.0-46.6) 414 (255-609) 31.8 (20.0-46.6) 420 (240-603) 31.0 (19.5-46.0)
(zéggfg)mddle 388 (240-585)  29.3(184-443) 390 (240-588)  29.5(18.5-445) 348 (231-563)  27.1(18.2-42.2)
(3;]&%223“1‘1‘116 368 (225-564)  27.5(16.6-43.0) 371 (225-570)  27.8(167-43.6) 338 (213-500)  25.5(16.2-37.7)

Highest (>35.0) 340 (188-535)  24.8 (14.0-40.0) 340 (188-535)  25.0 (14.0-40.0) 332 (185-530)  24.2 (14.8-40.6)

Data presented as median (interquartile range; IQR).

Table 3. Breast cancer incidence per 100,000 person-years (py) for all women, and according to

physical activity level.

All Women Low Physical Activity High Physical Activity Ri?stll(ve
Women/Ever BCs/100,000 Women/Ever BCs/100,000 Women/Ever BCs/100,000 (%)
(n) py (n) py Py

All 15,983/1302 387 7990/699 418 7993/603 356 -14.9
Menopausal status

Premenopausal 4299/405 423 2110/205 435 2189/200 412 -5.3

Perimenopausal 1134/109 424 553/64 516 581/45 339 -34.4

Postmenopausal 10,550/788 366 5327/430 399 5223/358 332 -16.7
Waist circumference (cm)

Lowest (<73.0) 5626/453 373 2496/199 370 3130/254 376 1.6

Lower-middle (73.0-76.9) 2749/210 356 1353/124 429 1396/86 287 -33.1

Upper-middle (77.0-83.9) 3728/316 403 1930/190 472 1798/126 331 -30.0

Highest (>84.0) 3880/323 414 2211/186 420 1669/137 405 -3.6
Body Mass Index (kg/m?)

Lower-normal (<23.0) 4935/383 362 2295/184 375 2640/199 351 -6.3

Upper-normal (23.0-24.9) 3660/288 369 1755/154 413 1905/134 328 -20.6

Overweight (25.0-29.9) 5272 /456 415 2696/257 460 2576/199 369 -19.7

Obese (>30.0) 2116/175 406 1244/104 416 872/71 393 -5.6
Body fat (%)

Lowest (<28.0) 4024/329 383 1722/144 391 2302/185 377 -3.7

Lower-middle (28.0-31.9) 4791/381 371 2311/204 415 2480/177 331 -20.2

Upper-middle (32.0-34.9) 3510/294 399 1843/173 449 1667/121 345 -23.1

Highest (>35.0) 3595/293 400 2082/174 414 1513/119 382 -7.8

3.4. Physical Activity and Breast Cancer Risk Overall, and Based on Menopausal Status and Body

Composition

The cumulative hazard of invasive breast cancer between women with different

physical activity levels was estimated with Kaplan-Meier curves (Figure 2). While the high
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physical activity group had an overall lower breast cancer hazard (LogRank p = 0.002),
the hazards of low and high physical activity groups followed a non-proportional pattern
which had a negligible difference in the early period (0-11 years; LogRank p = 0.576),
whereas there were evident differences in the late period (12+ years; LogRank p < 0.001).

LogRank p=0.003 |

[ \
012 LogRank p=0.576 LogRank p<0.001 . .
Low physical activity
0.10
High physical activity
0.08
°
©
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©
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o 006
=
S
o
)
£ 0.04
3
O
0.02
0.00
0 5 10 15 20 25 30
No at risk Follow-up time (years) Events
Low 7990 7725 7276 6598 5716 2091 0 699
High 7993 7708 7329 6736 5928 2149 0 603

Figure 2. Kaplan-Meier estimates of cumulative hazard for incident breast cancer for all women with
LogRank tests presented for the entire follow-up period, and for the short- (0-11 years) and long-term
(12+ years) follow-up periods separately.

Age-adjusted and multivariable-adjusted Cox regression analyses provided similar
hazard ratios of breast cancer risk by high levels of physical activity (Figures 3-5). Across
the entire follow-up period, women overall benefited from a 15% lower breast cancer risk
(HRaqg; = 0.85, 95% CI 0.76-0.95) with high compared to low levels of physical activity
(Figure 3).

Due to the discrepant effects observed in the early vs. late follow-up periods, separate
regression analyses were conducted according to the short-term (0-11 years) and long-
term (12+ years) benefits of physical activity. In the short term, no clear associations
between physical activity and breast cancer risk were observed overall (HR,q; = 0.96, 95%
CI0.82-1.12), or within subgroups by menopausal status or body composition (Figure 4).

In the long term, a 23% lower breast cancer risk (HR,qj = 0.77, 95% CI 0.66-0.90) was
observed for women overall (Figure 5). With regard to time in life, the most pronounced
effects of high physical activity were gained by perimenopausal (HR,q; = 0.59, 95% CI
0.36-0.98) and postmenopausal (HR,q; = 0.71, 95% CI 0.58-0.88) women. No association
between physical activity and breast cancer risk was observed for premenopausal women
(Figure 5). With regard to body composition, high physical activity was associated with
lower long-term breast cancer risk among women with lower-middle (HR,q4; = 0.63, 95%
CI 0.42-0.92) and upper-middle (HR,q4; = 0.55, 95% CI 0.39-0.76) waist circumferences,
upper-normal (HR,q; = 0.76, 95% CI 0.55-1.05) and overweight (HR,q; = 0.66, 95% CI
0.51-0.86) BMI levels, and lower-middle (HR,g4; = 0.63, 95% CI 0.47-0.84) and upper-middle
(HRaqj = 0.72, 95% CI 0.52-1.00) body fat percentages (Figure 5). No strong associations
between physical activity and breast cancer risk were found in either follow-up period
among women having the leanest or largest body compositions (Figures 3-5).
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Entire follow-up period

Physical activity

Category Women / events HR2 (95% Cl) HRb (95% Cl) (high vs. low)P
All 15,415 / 1250 0.85 (0.76-0.95) 0.85 (0.76-0.95) E B
Menopausal status
Premenopausal 4218 /398 0.95 (0.78-1.15) 0.97 (0.79-1.18) — .
Perimenopausal 1077/ 103 0.66 (0.45-0.96) 0.59 (0.40-0.88) ——
Postmenopausal 10,120/ 749 0.83 (0.73-0.96) 0.84 (0.73-0.97) ——
Waist circumference (cm)
Lowest (<73.0) 5447 / 431 1.02 (0.85-1.23) 1.04 (0.86-1.26) =
Lower-middle (73.0-76.9) 2651/ 202 0.67 (0.51-0.89) 0.65 (0.49-0.87) -
Upper-middle (77.0-83.9) 3591 /306 0.70 (0.56-0.88) 0.70 (0.55-0.88) =
Highest (284.0) 3726/ 311 0.96 (0.77-1.20) 0.98 (0.78-1.23) L ]
Body Mass Index (kg/m?)
Lower-normal (18.5-22.9) 4736/ 362 0.94 (0.77-1.15) 0.94 (0.76-1.15) ——
Upper-normal (23.0-24.9) 3529/ 274 0.80 (0.63-1.01) 0.78 (0.62-0.99) .
Overweight (25.0-29.9) 5107 / 444 0.80 (0.67-0.96) 0.81 (0.67-0.97) — .
Obese (230.0) 2042 /170 0.94 (0.69-1.27) 0.99 (0.73-1.35) N
Body fat (%)
Lowest (<28.0) 3877/310 0.97 (0.78-1.21) 1.01 (0.80-1.26) »
Lower-middle (28.0-31.9) 4640/ 373 0.80 (0.65-0.98) 0.79 (0.65-0.97) =
Upper-middle (32.0-34.9) 3384 /279 0.77 (0.61-0.97) 0.77 (0.60-0.97) —
Highest (>35.0) 3452 /284 0.92 (0.73-1.16) 0.93(0.73-1.18) -
0.25 0.5 1 2

Hazard Ratio (95% Cl)

Figure 3. Physical activity and risk of breast cancer over the entire study follow-up. Age- and

multivariable-adjusted hazard ratios (HR) with 95% CI for a high versus low level of physical activity

among all women, and by menopausal status or body composition. Women and breast cancer

events shown represent the numbers available in the multivariable model. The forest plot illustrates
multivariable-adjusted HR with 95% CI. @ Model adjusted for age at baseline. ® Multivariable model
adjusted for age at baseline, age at menarche, parity, age at first childbirth, oral contraceptive use,

current hormone replacement therapy use, socioeconomic index, and alcohol consumption. Models

for all women or stratified by body composition (waist circumference, BMI, or body fat percentage)

were additionally adjusted for age at menopause.



Cancers 2022, 14, 1960

10 of 15

Short-term (0—11 years)

Category

Women / events

HR2 (95% Cl)

HR® (95% Cl1)

Physical activity
(high vs. low)P

All

Menopausal status
Premenopausal
Perimenopausal
Postmenopausal

Waist circumference (cm)
Lowest (<73.0)
Lower-middle (73.0-76.9)
Upper-middle (77.0-83.9)
Highest (>84.0 cm)

Body Mass Index (kg/m?)
Lower-normal (18.5-22.9)
Upper-normal (23.0-24.9)
Overweight (25.0-29.9)
Obese (>30)

Body fat (%)

Lowest (<28.0)
Lower-middle (28.0-31.9)
Upper-middle (32.0-34.9)

Highest (>35.0)

15,415/ 603

4218 / 162
1077/ 38

10,120/ 403

5447 / 203
2651/93
3591/ 149

3726 / 158

4736 /178
3529 /128
5107 / 208

2042 /89

3877/ 150
4640/ 178
3384 /127

3452 /145

0.96 (0.82-1.12)

1.03 (0.76-1.40)
0.75 (0.40-1.38)

0.96 (0.79-1.16)

1.17 (0.89-1.53)
0.73 (0.49-1.10)
0.86 (0.63-1.19)

0.98 (0.72-1.34)

1.10 (0.83-1.47)
0.83 (0.59-1.16)
0.99 (0.76-1.29)
0.85 (0.56-1.31)

1.03 (0.75-1.41)
1.01 (0.76-1.35)
0.82 (0.58-1.15)

1.00 (0.73-1.39)

0.96 (0.82-1.12)

1.05 (0.77-1.42)
0.60 (0.31-1.16)

0.97 (0.80-1.18)

1.20 (0.90-1.59)
0.69 (0.45-1.04)
0.88 (0.64-1.22)

0.97 (0.71-1.34)

1.09 (0.81-1.47)
0.82 (0.58-1.16)
1.01 (0.77-1.33)

0.87 (0.56-1.33)

1.03 (0.74-1.43)
1.02 (0.76-1.37)
0.82 (0.58-1.71)

0.99 (0.71-1.38)

—-

T 1

0.5 1 2

Hazard Ratio (95% Cl)

Figure 4. Physical activity and short-term (0-11 years) risk of breast cancer. Age- and multivariable-

adjusted hazard ratios (HR) with 95% CI for a high versus low level of physical activity among all

women, and by menopausal status or body composition. Women and breast cancer events shown

represent the numbers available in the multivariable model. The forest plot illustrates multivariable-
adjusted HR with 95% CI.  Model adjusted for age at baseline. ? Multivariable model adjusted
for age at baseline, age at menarche, parity, age at first childbirth, oral contraceptive use, current

hormone replacement therapy use, socioeconomic index, and alcohol consumption. Models for all

women or stratified by body composition (waist circumference, BMI, or body fat percentage) were

additionally adjusted for age at menopause.
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Long-term (12+ years)

Physical activity
Category Women / events HR? (95% Cl) HRP (95% Cl) (high vs. low)?

All 13,658 / 647 0.76 (0.65-0.89) 0.77 (0.66-0.90) ]

Menopausal status

Premenopausal 3935/ 236 0.90 (0.70-1.15) 0.91(0.71-1.18) — .
Perimenopausal 1000/ 65 0.61 (0.37-0.99) 0.59 (0.36-0.98) -
Postmenopausal 8723 /346 0.71 (0.57-0.87) 0.71 (0.58-0.88) — .

Waist circumference (cm)

Lowest (<73.0) 4911/ 228 0.90 (0.70-1.17)  0.93 (0.71-1.21) —
Lower-middle (73.0-76.9) 2385/ 109 0.63(0.43-0.91)  0.63 (0.42-0.92) -
Upper-middle (77.0-83.9) 3170/ 157 0.57 (0.41-0.79) 0.5 (0.39-0.76) -

Highest (284.0 cm) 3192/ 153 0.94(0.69-1.29)  0.99(0.71-1.36) N

Body Mass Index (kg/m?)

Lower-normal (18.5-22.9) 4236/ 184 0.80 (0.61-1.07) 0.81 (0.61-1.09) -

Upper-normal (23.0-24.9) 3172 /146 0.77 (0.56-1.06) 0.76 (0.55-1.05) =

Overweight (25.0-29.9) 4492 / 236 0.66 (0.51-0.86) 0.66 (0.51-0.86) —_—

Obese (230) 1753/ 81 1.03 (0.67-1.59) 1.16 (0.75-1.82) N
Body fat (%)

Lowest (<28.0) 3462/ 160 0.93 (0.69-1.25) 0.99 (0.72-1.35) -

Lower-middle (28.0-31.9) 4173 / 195 0.64 (0.48-0.85) 0.63 (0.47-0.84) -

Upper-middle (32.0-34.9) 2999 / 152 0.74 (0.54-1.01) 0.72 (0.52-1.00) -

Highest (235.0) 2968 / 139 0.84 (0.60-1.18) 0.87 (0.61-1.22) R

0‘25 fJI 5 1 2‘

Hazard Ratio (95% Cl)

Figure 5. Physical activity and long-term (12+ years) risk of breast cancer. Age- and multivariable-
adjusted hazard ratios (HR) with 95% CI for a high versus low level of physical activity among all
women, and by menopausal status or body composition. Women and breast cancer events shown
represent the numbers available in the multivariable model. The forest plot illustrates multivariable-
adjusted HR with 95% CI.  Model adjusted for age at baseline. ® Multivariable model adjusted
for age at baseline, age at menarche, parity, age at first childbirth, oral contraceptive use, current
hormone replacement therapy use, socioeconomic index, and alcohol consumption. Models for all
women or stratified by body composition (waist circumference, BMI, or body fat percentage) were
additionally adjusted for age at menopause.

4. Discussion

In this study, the association between physical activity and breast cancer risk in relation
to the timing of physical activity in life and body composition were investigated by making
use of a prospective cohort with a median follow-up period of 23.2 years. High levels of
physical activity that corresponds to >1 h of daily walking per week (>28.5 MET-h/week)
were found to be associated with a 23% lower risk of developing breast cancer. The greatest
long-term benefits (12+ years) were observed among women who engaged in high levels
of physical activity during or after menopause, or if they had larger body composition
with lower-middle to upper-middle waist circumference or body fat percentage, or upper-
normal-to-overweight BMI. High physical activity alone did not modify the breast cancer
risk for premenopausal women or women with obesity and the largest body composition.

The observed preventive effects of high physical activity on overall breast cancer risk
are in agreement with previous studies. A meta-analysis of 31 studies with 63,786 cases
found a 12% reduction in breast cancer risk among women in the 75th percentile of physical
activity compared to the 25th percentile [26]. A pooled analysis of 10 prospective cohort
studies showed a 10% reduction in breast cancer risk from the 10th percentile of physical
activity to the 90th percentile [13]. Another pooled analysis made use of MET-hours and
showed that moderate-intensity physical activity, equivalent to 15 MET-h/week, could
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reduce breast cancer risk by 10% [21]. Differences in the age of the study participants
and physical activity categories may explain the lesser reduction compared to our study.
The cut-off value of 28.5 MET-h/week that was utilized to dichotomize low and high
physical activity levels in our study population overlaps with the upper range of physical
activity recommendations for adults by the WHO [27] when converted to MET-hours.
Notably, a graded reduction in breast cancer risk with higher physical activity (0-30 MET-
h/week) has been shown [28], with comparable overall risk reductions as the results of the
present study.

With regard to timing in life, the greatest long-term benefits of physical activity in
our study were observed among women who engaged in high levels of physical activity
during or after menopause. Although perimenopausal women had similar reduced breast
cancer risk in the short term (0-11 years), the evidence was more strongly associated in
the long term (12+ years). The association between high physical activity and lower breast
cancer risk for postmenopausal women was only seen in the long term. A study of the
NIH-AARP Diet and Health Study cohort showed a 13% risk reduction in the most active
postmenopausal women compared to inactive women [29]. Another study of the same
cohort showed a 16% risk reduction among the postmenopausal women who engaged in
7 h/week of moderate-to-vigorous activity compared to inactive women [30]. While these
studies provide a large number of participants (182,862), the physical activity assessments
were not based on MET-hours, and instead relied on different assessment methods which
did not take energy expenditures into consideration. In a separate study, no association
was found between physical activity and breast cancer risk among premenopausal women,
consistent with the present findings [31]. Recent results from the UK Biobank found
high physical activity to be associated with lower breast cancer risk among both pre- and
postmenopausal women [16]. While the protective association in premenopausal women
was only evident for women in the top quartile (>58.3 MET-h/week), postmenopausal
women with physical activity levels above the median (>29.6 MET-h/week) had a reduced
breast cancer risk, in line with our findings.

We also examined the effects of physical activity on breast cancer risk in relation to
anthropometric measures to provide further insights into the physical activity and breast
cancer association with regard to body composition and adiposity. Our study showed
that women with lower-middle to upper-middle waist circumference (corresponding to
European clothing sizes M-L) or body fat percentage (fair-poor), or upper-normal-to-
overweight BMI (23.0-24.9 and 25.0-29.9 kg/m?) benefited the most from physical activity
regarding reduced long-term breast cancer risk. On the contrary, the women having
the lowest and highest waist circumference, body fat percentage, or BMI did not have a
modified breast cancer risk upon high physical activity alone. Our findings are similar to
the results of a meta-analysis of 18 cohort studies that showed a 15% and 14% of reduction in
breast cancer risk in women who had a BMI of <25 kg/m? and >25 kg/m?, respectively, and
engaged in high compared to low levels of physical activity [32]. While no risk reduction
was observed in premenopausal women, the risk reduction was found to be 13% for
postmenopausal women for both BMI groups. Similar to our findings, women who had a
BMI of >30 kg/m? did not benefit from a risk-reducing effect of physical activity [20,32].
When 22 studies on BMI and risk reduction were examined, it was found that women with
low normal BMI (<22 kg/m?) benefited with a risk reduction of 27% from physical activity,
whereas women with upper-normal (22-25 kg/m?), high (>25 kg/m?), and very high
(=30kg/ m?) BMI benefited with risk reductions of 24%, 18%, and <1%, respectively [19].
While the data regarding upper-normal and higher BMIs are consistent with our findings,
the high level of risk reduction in women with the lowest BMI could partly be attributed
to the different definition of low BMI or physical activity cut-offs used in these studies
compared to ours. Moreover, our results in relation to BMI are corroborated by similar
findings with regard to waist circumference and body fat percentages in the present study.

The biological mechanisms and the causal links between physical activity and breast
cancer risk reduction are yet to be established. For pre- and perimenopausal breast can-
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cer risk, physical activity could be exerting its risk-reducing effect via its modulation of
estrogen. For postmenopausal breast cancer risk, a decrease in adiposity, thus a decrease
in estrogen and insulin signaling, could be responsible for physical activity-mediated
risk reduction. Recently, exercise was shown to be negatively correlated with circulating
metabo-inflammatory biomarkers C-reactive protein, IL-6, and leptin, while positively
correlated with adiponectin and the estrogen-regulator sex hormone binding globulin
(SHBG) [33]. To gain a better understanding of the biological mechanisms behind this, the
associations between low- and high-intensity physical activities and breast cancer risk can
be addressed in a subsequent study with regard to menopausal status.

The strengths of our study include the large study population with prospective design
and long follow-up. Another strength is the availability of physical activity data comprising
time spent for 17 different activities, and the combination of duration and intensity. A
further strength is the comprehensive data regarding breast cancer risk factors which
enabled us to perform multivariable adjustments in regression analyses. On the other
hand, the limitations in our study include that the physical activity data were reported
retrospectively in the baseline questionnaire for the year prior to study inclusion and not
reported during the follow-up period. Therefore, it is unknown whether the participants
continued the same level of physical activities that they initially reported at baseline.
Although adjusting for known and potential breast cancer risk factors, it cannot be fully
excluded that the remaining unknown or residual confounders could influence the results.
Another limitation is the lack of information regarding body compositions at the end of the
follow-up period, which could potentially have improved the interpretation of the results.

5. Conclusions

Physical activity is beneficial for overall health and chronic disease prevention. Al-
though the overall breast cancer risk-reducing effect of physical activity is previously
known, it is important to identify the optimal time in life and which groups this effect is
exerted upon the most. In this study, we showed that women during or after menopause,
or with upper-normal-to-overweight body compositions, benefit from physical activity the
most. For premenopausal women with the leanest or largest (obese) body compositions,
no evident modified risk was found which implies that these women may potentially
benefit from additional risk-reduction measures. Further research needs to be conducted
to elucidate the associations between breast cancer prevention and lifestyle changes for
women with large body compositions at an increased risk of breast cancer. The associa-
tions between physical activity-mediated breast cancer risk reduction and breast tumor
characteristics should also be examined to gain an in-depth understanding of the benefits
of physical activity.

Author Contributions: Conceptualization, A.H.R.; formal analysis, O.B. and AHR,; writing—
original draft preparation, O.B.; writing—review and editing, O.B., M.K. and A.H.R.; supervision
and funding acquisition, A.H.R. All authors have read and agreed to the published version of
the manuscript.

Funding: This study was funded by the Mrs. Berta Kamprad Foundation (FBKS-2018-22-(167),
FBKS-2019-48-(219)), Dir Albert Pahlsson Foundation (2021), the Swedish Breast Cancer Association
(2021), Governmental Funding of Clinical Research within the National Health Service (ALF) (ALF:
2018-Project0211), and EU-MSCA-COFUND, 754299 CanFaster. Open access funding was provided
by Lund University APC fund (20220310).

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki and approved by the Regional Ethics Committee in Lund (LU 51-90, Dnr 652 /2005, and
2014/830).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study:.

Data Availability Statement: Data are available to appropriate academic parties upon reasonable
request to the Malmo Diet and Cancer Study steering committee.



Cancers 2022, 14, 1960 14 of 15

Acknowledgments: The authors are grateful to all participants in the MDCS cohort for their in-
valuable contribution and thank MDCS data managers Anna Hwasser and Anders Dahlin for
their assistance.

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design
of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript, or
in the decision to publish the results.

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Sung, H.; Ferlay, J.; Siegel, R.L.; Laversanne, M.; Soerjomataram, I.; Jemal, A.; Bray, F. Global Cancer Statistics 2020: Globocan
Estimates of Incidence and Mortality Worldwide for 36 Cancers in 185 Countries. CA Cancer |. Clin. 2021, 71, 209-249. [CrossRef]
[PubMed]

Thun, M.].; Linet, M.S.; Cerhan, J.R.; Haiman, C.; Schottenfeld, D. Cancer Epidemiology and Prevention, 4th ed.; Oxford University
Press: New York, NY, USA, 2018; 1308p.

Kopp, W. How Western Diet and Lifestyle Drive the Pandemic of Obesity and Civilization Diseases. Diabetes Metab. Syndr. Obes.
Targets Ther. 2019, 12, 2221-2236. [CrossRef] [PubMed]

Obesity and Overweight. Available online: https://www.who.int/news-room/fact-sheets/detail /obesity-and-overweight
(accessed on 15 March 2022).

Afshin, A.; Forouzanfar, M.H.; Reitsma, M.B.; Sur, P; Estep, K.; Lee, A.; Marczak, L.; Mokdad, A.H.; Moradi-Lakeh, M.; Naghavi,
M.; et al. Health Effects of Overweight and Obesity in 195 Countries over 25 Years. N. Engl. |. Med. 2017, 377, 13-27. [PubMed]
Gray, N.; Picone, G.; Sloan, F; Yashkin, A. Relation between BMI and diabetes mellitus and its complications among US older
adults. South Med. . 2015, 108, 29-36. [CrossRef] [PubMed]

Casanova, F; O’Loughlin, ].; Martin, S.; Beaumont, R.N.; Wood, A.R.; Watkins, E.R.; Freathy, R.M.; Hagenaars, S.P.; Frayling, TM.;
Yaghootkar, H.; et al. Higher adiposity and mental health: Causal inference using Mendelian randomization. Hum. Mol. Genet.
2021, 30, 2371-2382. [CrossRef]

Lauby-Secretan, B.; Scoccianti, C.; Loomis, D.; Grosse, Y.; Bianchini, F; Straif, K. Body Fatness and Cancer—Viewpoint of the
IARC Working Group. N. Engl. . Med. 2016, 375, 794-798. [CrossRef]

Meseguer, A.; Puche, C.; Cabero, A. Sex steroid biosynthesis in white adipose tissue. Horm. Metab. Res. 2002, 34, 731-736.
[CrossRef] [PubMed]

Van den Brandt, P.A.; Spiegelman, D.; Yaun, S.S.; Adami, H.O.; Beeson, L.; Folsom, A.R,; Fraser, G.; Goldbohm, R.A.; Graham, S.;
Kushi, L.; et al. Pooled analysis of prospective cohort studies on height, weight, and breast cancer risk. Am. J. Epidemiol. 2000, 152,
514-527. [CrossRef]

The Premenopausal Breast Cancer Collaborative Group. Association of Body Mass Index and Age with Subsequent Breast Cancer
Risk in Premenopausal Women. JAMA Oncol. 2018, 4, €181771. [CrossRef]

Pierobon, M.; Frankenfeld, C.L. Obesity as a risk factor for triple-negative breast cancers: A systematic review and meta-analysis.
Breast Cancer Res. Treat. 2013, 137, 307-314. [CrossRef]

Moore, S.C.; Lee, LM.; Weiderpass, E.; Campbell, P.T.; Sampson, ].N.; Kitahara, C.M.; Keadle, S.K.; Arem, H.; Berrington de
Gonzalez, A.; Hartge, P; et al. Association of Leisure-Time Physical Activity with Risk of 26 Types of Cancer in 1.44 Million
Adults. JAMA Intern. Med. 2016, 176, 816-825. [CrossRef] [PubMed]

De Roon, M.; May, A.M.; McTiernan, A.; Scholten, R.; Peeters, PH.M.; Friedenreich, C.M.; Monninkhof, E.M. Effect of exercise
and/or reduced calorie dietary interventions on breast cancer-related endogenous sex hormones in healthy postmenopausal
women. Breast Cancer Res. 2018, 20, 81. [CrossRef] [PubMed]

Patel, A.V; Friedenreich, C.M.; Moore, 5.C.; Hayes, S.C.; Silver, ] K.; Campbell, K.L.; Winters-Stone, K.; Gerber, L.H.; George, S.M.;
Fulton, J.E; et al. American College of Sports Medicine Roundtable Report on Physical Activity, Sedentary Behavior, and Cancer
Prevention and Control. Med. Sci. Sports Exerc. 2019, 51, 2391-2402. [CrossRef] [PubMed]

Guo, W,; Fensom, G.K,; Reeves, G K.; Key, T.J. Physical activity and breast cancer risk: Results from the UK Biobank prospective
cohort. Br. J. Cancer 2020, 122, 726-732. [CrossRef] [PubMed]

Chan, D.S.M.; Abar, L.; Cariolou, M.; Nanu, N.; Greenwood, D.C.; Bandera, E.V.; McTiernan, A.; Norat, T. World Cancer Research
Fund International: Continuous Update Project-systematic literature review and meta-analysis of observational cohort studies
on physical activity, sedentary behavior, adiposity, and weight change and breast cancer risk. Cancer Causes Control 2019, 30,
1183-1200. [CrossRef]

Neilson, H.K,; Farris, M.S.; Stone, C.R.; Vaska, M.M.; Brenner, D.R.; Friedenreich, C.M. Moderate-vigorous recreational physical
activity and breast cancer risk, stratified by menopause status: A systematic review and meta-analysis. Menopause 2017, 24,
322-344. [CrossRef]

Lynch, B.M.; Neilson, H.K.; Friedenreich, C.M. Physical activity and breast cancer prevention. Recent Results Cancer Res. 2011, 186,
13-42.

Maliniak, M.L.; Gapstur, S.M.; McCullough, L.E.; Rees-Punia, E.; Gaudet, M.M.; Um, C.Y.; Guinter, M.A.; Flanders, W.D.; Patel,
A.V. Joint associations of physical activity and body mass index with the risk of established excess body fatness-related cancers
among postmenopausal women. Cancer Causes Control 2021, 32, 127-138. [CrossRef]


http://doi.org/10.3322/caac.21660
http://www.ncbi.nlm.nih.gov/pubmed/33538338
http://doi.org/10.2147/DMSO.S216791
http://www.ncbi.nlm.nih.gov/pubmed/31695465
https://www.who.int/news-room/fact-sheets/detail/obesity-and-overweight
http://www.ncbi.nlm.nih.gov/pubmed/28604169
http://doi.org/10.14423/SMJ.0000000000000214
http://www.ncbi.nlm.nih.gov/pubmed/25580754
http://doi.org/10.1093/hmg/ddab204
http://doi.org/10.1056/NEJMsr1606602
http://doi.org/10.1055/s-2002-38249
http://www.ncbi.nlm.nih.gov/pubmed/12660891
http://doi.org/10.1093/aje/152.6.514
http://doi.org/10.1001/jamaoncol.2018.1771
http://doi.org/10.1007/s10549-012-2339-3
http://doi.org/10.1001/jamainternmed.2016.1548
http://www.ncbi.nlm.nih.gov/pubmed/27183032
http://doi.org/10.1186/s13058-018-1009-8
http://www.ncbi.nlm.nih.gov/pubmed/30071893
http://doi.org/10.1249/MSS.0000000000002117
http://www.ncbi.nlm.nih.gov/pubmed/31626056
http://doi.org/10.1038/s41416-019-0700-6
http://www.ncbi.nlm.nih.gov/pubmed/31919405
http://doi.org/10.1007/s10552-019-01223-w
http://doi.org/10.1097/GME.0000000000000745
http://doi.org/10.1007/s10552-020-01365-2

Cancers 2022, 14, 1960 15 of 15

21.

22.
23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Minihan, A.K; Patel, A.V.; Flanders, W.D.; Sauer, A.G.; Jemal, A.; Islami, F. Proportion of Cancer Cases Attributable to Physical
Inactivity by US State, 2013-2016. Med. Sci. Sports Exerc. 2022, 54, 417-423. [CrossRef]

Breast Cancer. Available online: https:/ /www.who.int/news-room/fact-sheets/detail /breast-cancer (accessed on 15 March 2022).
Taylor, H.L.; Jacobs, D.R,, Jr.; Schucker, B.; Knudsen, J.; Leon, A.S.; Debacker, G. A questionnaire for the assessment of leisure time
physical activities. J. Chronic. Dis. 1978, 31, 741-755. [CrossRef]

Li, C.; Aronsson, C.A.; Hedblad, B.; Gullberg, B.; Wirfalt, E.; Berglund, G. Ability of physical activity measurements to assess
health-related risks. Eur. J. Clin. Nutr. 2009, 63, 1448-1451. [CrossRef] [PubMed]

Ainsworth, B.E.; Haskell, W.L.; Herrmann, S.D.; Meckes, N.; Bassett, D.R., Jr.; Tudor-Locke, C.; Greer, ].L.; Vezina, J.; Whitt-Glover,
M.C,; Leon, A.S. 2011 Compendium of Physical Activities: A second update of codes and MET values. Med. Sci. Sports Exerc.
2011, 43, 1575-1581. [CrossRef] [PubMed]

Wu, Y.; Zhang, D.; Kang, S. Physical activity and risk of breast cancer: A meta-analysis of prospective studies. Breast Cancer Res.
Treat. 2013, 137, 869-882. [CrossRef] [PubMed]

WHO Guidelines on Physical Activity and Sedentary Behaviour. 2020. Available online: https://apps.who.int/iris/handle/1066
5/337001 (accessed on 8 April 2022).

Matthews, C.E.; Moore, S.C.; Arem, H.; Cook, M.B.; Trabert, B.; Hakansson, N.; Larsson, S.C.; Wolk, A.; Gapstur, S.M.; Lynch,
B.M.; et al. Amount and Intensity of Leisure-Time Physical Activity and Lower Cancer Risk. J. Clin. Oncol. 2020, 38, 686—-697.
[CrossRef] [PubMed]

Peters, T.M.; Schatzkin, A.; Gierach, G.L.; Moore, S.C.; Lacey, J.V,, Jr.; Wareham, N.J.; Ekelund, U.; Hollenbeck, A.R.; Leitzmann,
M.F. Physical activity and postmenopausal breast cancer risk in the NIH-AARP diet and health study. Cancer Epidemiol. Biomark.
Prev. 2009, 18, 289-296. [CrossRef]

Peters, T.M.; Moore, S.C.; Gierach, G.L.; Wareham, N.]J.; Ekelund, U.; Hollenbeck, A.R.; Schatzkin, A.; Leitzmann, M.E. Intensity
and timing of physical activity in relation to postmenopausal breast cancer risk: The prospective NIH-AARP diet and health
study. BMC Cancer 2009, 9, 349. [CrossRef]

Colditz, G.A.; Feskanich, D.; Chen, W.Y.; Hunter, D.].; Willett, W.C. Physical activity and risk of breast cancer in premenopausal
women. Br. ]. Cancer 2003, 89, 847-851. [CrossRef]

Neil-Sztramko, S.E.; Boyle, T.; Milosevic, E.; Nugent, S.F.; Gotay, C.C.; Campbell, K.L. Does obesity modify the relationship
between physical activity and breast cancer risk? Breast Cancer Res. Treat. 2017, 166, 367-381. [CrossRef]

Iyengar, N.M.; Zhou, X K.; Mendieta, H.; Giri, D.D.; El-Hely, O.; Winston, L.; Falcone, D.J.; Wang, H.; Meng, L.; Landa, J;
et al. Effects of Adiposity and Exercise on Breast Tissue and Systemic Metabo-Inflammatory Factors in Women at High Risk or
Diagnosed with Breast Cancer. Cancer Prev. Res. 2021, 14, 541-550. [CrossRef]


http://doi.org/10.1249/MSS.0000000000002801
https://www.who.int/news-room/fact-sheets/detail/breast-cancer
http://doi.org/10.1016/0021-9681(78)90058-9
http://doi.org/10.1038/ejcn.2009.69
http://www.ncbi.nlm.nih.gov/pubmed/19639000
http://doi.org/10.1249/MSS.0b013e31821ece12
http://www.ncbi.nlm.nih.gov/pubmed/21681120
http://doi.org/10.1007/s10549-012-2396-7
http://www.ncbi.nlm.nih.gov/pubmed/23274845
https://apps.who.int/iris/handle/10665/337001
https://apps.who.int/iris/handle/10665/337001
http://doi.org/10.1200/JCO.19.02407
http://www.ncbi.nlm.nih.gov/pubmed/31877085
http://doi.org/10.1158/1055-9965.EPI-08-0768
http://doi.org/10.1186/1471-2407-9-349
http://doi.org/10.1038/sj.bjc.6601175
http://doi.org/10.1007/s10549-017-4449-4
http://doi.org/10.1158/1940-6207.CAPR-20-0507

	Introduction 
	Materials and Methods 
	Study Population 
	Eligibility and Exclusion Criteria 
	Physical Activity Assessment 
	Definition of Subgroups by Menopausal Status and Body Composition 
	Endpoint 
	Statistical Analysis 

	Results 
	Baseline Characteristics Based on Physical Activity Levels 
	Physical Activity Levels in Relation to Breast Cancer Status 
	Breast Cancer Incidence Based on Physical Activity Levels 
	Physical Activity and Breast Cancer Risk Overall, and Based on Menopausal Status and Body Composition 

	Discussion 
	Conclusions 
	References

