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Abstract  22 

Purpose: To investigate the association between different types of physical activity (PA) and breast 23 

cancer. Methods: A case-control study of breast cancer was conducted in Western Australia from 24 

2009-2011, in which 1202 women with breast cancer and 1785 frequency age-matched breast cancer-25 

free control women were recruited. A self-administered questionnaire was used to collect information 26 

about lifetime and age-period recreational, household, occupational and transport physical activities. 27 

Detailed questions about demographic characteristics, and relevant reproductive, medical and lifestyle 28 

factors were also included. Logistic regression and restrictive cubic spline analyses were applied to 29 

investigate the association and dose-response relationship between PA and breast cancer risk. Sub-30 

group analysis was performed regarding menopausal status. Results: We found non-linear dose-31 

response associations between PA and risk of breast cancer. Overall, 95-130 MET-hours/week of total 32 

lifetime PA was associated with the lowest breast cancer risk. The effects were stronger among post-33 

menopausal women. We also found medium amounts of recreational PA (up to 21 MET-hours/week) 34 

were associated with lower breast cancer risk among post-menopausal women. Further analysis on the 35 

intensity of recreational PA demonstrated different dose-response associations between moderate- and 36 

vigorous-intensity recreational PA and breast cancer risk. Conclusions: We found that physical 37 

activity was associated with a reduced risk of breast cancer among post-menopausal women, but not 38 

in a linear fashion. Recreational PA of different intensities may have different dose-response 39 

associations with risk of breast cancer.   40 

Key words: Physical activity; Recreational physical activity; breast cancer; dose-response association 41 
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Introduction  42 

Breast cancer is the most commonly diagnosed invasive cancer in Australian women. It was also the 43 

sixth leading cause of burden of disease for females in 2012.[1] The health expenditure on breast 44 

cancer was estimated to be $331 million in 2004-2005, accounting for 24% of all cancer expenditure 45 

for Australian women that year.[1] Most identified risk factors for breast cancer are non-modifiable in 46 

nature including age, height, family history, hormonal factors and child-bearing histories.[1] 47 

Nevertheless, some modifiable lifestyle-related risk factors for breast cancer have been identified, 48 

including physical activity (PA).[1] A review identified over 73 epidemiologic studies (including 49 

cohort and case-control studies) investigating the associations or dose-response relationships of PA 50 

and the risk of breast cancer worldwide.[2] Although results of these studies were divergent, a slight 51 

majority (51% of all studies) concluded that increasing PA significantly reduced the risk of breast 52 

cancer. Case-control studies, with an average risk reduction of 30%, generally yielded stronger effects 53 

than cohort studies for which the average risk reduction was 20%.[2] Similarly, a meta-analysis of 31 54 

prospective cohort studies yielded an overall 23% risk reduction in breast cancer related to PA.[3]  55 

To establish a causal relationship between PA and reduced risk of breast cancer, potential biological 56 

mechanisms have been investigated and verified. It has been argued that PA decreases lifetime 57 

exposure to oestrogen by delaying menarche, reducing the number of ovulatory cycles and ovarian 58 

oestrogen production. [4] Higher levels of other sex hormones including testosterone and 59 

androstenedione have also been associated with an increased risk of breast cancer, especially among 60 

post-menopausal women; and PA might lower testosterone levels. [5] Increasing epidemiological 61 

evidence indicates that adiposity and change of body composition (waist circumference/abdominal fat) 62 

is associated with risk of breast cancer, especially among post-menopausal women. [6-8] Other 63 

possible biological pathways related to PA and risk of breast cancer have also been investigated 64 

including insulin-related factors, adipokines and inflammatory cytokines. However, limited 65 

epidemiological evidence has been found to verify these pathways.[2]    66 
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Many studies have investigated the dose-response relationship between PA and risk of BC. While 67 

some studies yielded linear association, several studies suggest a ceiling effect of lifetime PA in 68 

reducing risk of breast cancer, in which study participants with the highest level of PA were not the 69 

group at the lowest risk of breast cancer.[9-14] Types of physical activity (e.g. aerobic activity, weight 70 

lifting) may vary with regard to different domains of physical activity (e.g. recreational, occupational 71 

or household PA), therefore physical activity in different domains may have distinctive effects on 72 

breast cancer risk.[9] A meta-analysis of prospective cohort studies yielded 10% to 16% reduction in 73 

breast cancer risks with different domains of PA including recreational, occupational and household 74 

PA.[3] However, the definition and content of domains of PA varied in these studies. [10-13, 15-21] 75 

Besides domains of PA, the intensity of PA may also influence the association between physical 76 

activity and breast cancer risk. A review concluded that moderate and vigorous intensity PA are 77 

associated with breast cancer risk reductions in the order of 15% and 18% respectively,[2] while there 78 

is some evidence that light-intensity physical activity may be inversely associated with the risk of 79 

breast cancer.[22] Similarly, the meta-analysis of prospective cohort studies reported 5% and 15% 80 

risk reduction related to moderate and vigorous PA respectively.[3] Even though the evidence seems 81 

to suggest stronger effects of vigorous-intensity PA on breast cancer risk reduction, current 82 

recommendations for recreational physical activities tend to make the assumption that moderate- and 83 

vigorous-intensity PA are related in terms of energy expenditure, with double the amount of 84 

moderate-intensity equivalent to vigorous-intensity PA.[23, 24] 85 

The aim of our study was to investigate the relationships between risk of invasive breast cancer and 86 

physical activity including recreational, occupational, transport and household PA and PA of different 87 

intensity. As some breast cancer risk factors may vary for pre- and post-menopausal women (such as 88 

obesity,[2] and since most evidence suggests stronger associations of physical activities and risk of 89 

breast cancer in post-menopausal women,[2] subgroup analyses were performed based on menopausal 90 

status. Additionally, we investigated the dose-response associations of moderate- and vigorous-91 

intensity recreational PA with risk of breast cancer. 92 
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Methods 93 

Exposure to PA was collected as part of the case-control study, Breast Cancer Employment and 94 

Environment Study (BCEES). The details of patients’ eligibility and recruitment procedures for this 95 

case-control study are described elsewhere.[25] In brief, women aged between 18 and 80 years with 96 

primary invasive breast cancer diagnosed between May 2009 and January 2011 were identified from 97 

the Western Australia (WA) Cancer Registry. Frequency age-matched control participants, who had 98 

not been diagnosed with invasive breast cancer, were randomly selected from the WA electoral roll 99 

during the same time period.  100 

Informed consent was obtained for all study participants. The study was approved by the Human 101 

Research Ethics Committees of The University of WA and the WA Department of Health.  102 

Data collection  103 

All participants were sent an invitation letter, consent forms and a study questionnaire. Questions 104 

regarding demographic characteristics (age, education level, socio-economic status, remoteness of 105 

residence), reproductive history (pregnancy and breastfeeding history), family history of breast 106 

cancer, lifestyles (alcohol consumption and smoking status), Body Mass Index (BMI) and 107 

reproductive history (menopausal status, age at menarche, oral contraceptive use, Hormone 108 

Replacement Therapy use (HRT)) were included in the questionnaire.[25] 109 

Participants were asked to provide information on any job or occupations that they had held for at 110 

least 6 months in their lifetime. Questions included: age started, duration in years, job title, main 111 

duties, employer, industry, country of employment, hours per week, weeks per year worked and their 112 

self-rated intensity of activity (sedentary occupation, standing occupation, manual work and heavy 113 

manual work). This occupational activity question has been shown to have acceptable reliability and 114 

validity when measuring current activity.[26] Additionally, self-rated occupational activity and job-115 

title based occupational activity have been shown to have very high agreement (kappa = 0.73) in this 116 

study population.[27] 117 
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A modified version of the Chasan-Taber Physical Activity Questionnaire (CT-PAQ) was used to 118 

assess recreational (walking, swimming, dancing, tennis, aerobics, netball and squash, and  up to three 119 

other activities) and household (gardening and household chores) PA, with new questions added to 120 

assess transport-related PA (cycling and walking to/from work).[28] Both the CT-PAQ and the new 121 

transport-related physical activity questions have been shown to have acceptable test-retest 122 

reliability.[28, 29] Recreational, household and transport-related PAs were reported in three different 123 

age periods: 15-24 years, 25-39 years and 40 years above. Questions about age when the PA started 124 

and the number of years, months per year and hours per week undertaking each activity were included 125 

to quantify each PA undertaken.   126 

Exposure assessment  127 

Physical activities 128 

All PAs were assigned a metabolic equivalent (MET) value, derived from the Compendium of 129 

Physical Activities.[30] One MET is defined as the ratio of the metabolic rate for a specific activity 130 

compared to the resting metabolic rate. [30] MET-values were assigned to all measured PA in 131 

recreational, household, occupational and transport domains. For example, walking for exercise was 132 

assigned a MET-value of 4.3; swimming of 6; gardening of 3.8 and cycling to and from work of 7.5. 133 

MET-value of 1.5, 2.3, 3.5 and 6 were assigned to the four categories of occupational activities of 134 

sedentary, standing, manual and heavy manual occupations respectively. The intensity of each PA 135 

was classified as light, moderate or vigorous based on the MET-value assigned to it. Any PA with 136 

assigned MET-value between 1.6 and 3 was labelled light PA; the ones with assigned MET-value 137 

between 3 and 6 were classified as moderate PA; any PA with assigned MET-value 6 and above was 138 

classified as vigorous PA. MET-hours/week of each activity was calculated by multiplying the MET-139 

value by its frequency and duration. For each age-period and over the lifetime, and for domain-140 

specific and all physical activity (i.e., the four domains combined), we then calculated mean MET-141 

hours per week in light-intensity PA, moderate-intensity PA, vigorous-intensity PA and total PA (i.e., 142 

light, moderate and vigorous PAs combined). 143 
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Menopausal status  144 

Participants were classified as post-menopausal if they self-reported being post-menopausal; or were 145 

aged over 51 years and above and had one of the following self-reported conditions: use of HRT with 146 

regular periods; do not have regular period because of history of hysterectomy or oophorectomy; do 147 

not have regular period because of cancer treatment; or irregular periods (due to stress, endometriosis 148 

or relevant treatment; polycystic ovary; tubal ligation; or other endocrine disorders, etc.) We 149 

conservatively assumed that if women were missing information on whether they had regular periods 150 

and were over age 51 that they were postmenopausal.  151 

Potential confounding factors 152 

Potential confounding factors collected in the study questionnaire included: age, socio-economic 153 

status (derived from residential postcode and the index of relative socioeconomic advantage and 154 

disadvantage for area [31], index of remoteness of residence (ARIA)[32], education attainment, 155 

family history of breast cancer, age at menarche, age at first pregnancy, breastfeeding history, oral-156 

contraceptive use in the past 5 years, self-reported hormone replacement therapy use, alcohol 157 

consumption, smoking status and current BMI.  158 

Family history of breast cancer was assessed in line with the Australian clinical guidelines:[33] “High 159 

risk” was assigned if the participant reported a first-degree female relative diagnosed with breast 160 

cancer before the age of 50, or two or more first-degree or second-degree female relatives with breast 161 

cancer on the same side of the family; “some family history” was assigned to respondents who 162 

reported any first-degree or second-degree female relative diagnosed with breast cancer at any stage; 163 

and all others were assigned “no family history”.    164 

Data analysis 165 

Data management 166 

Those jobs with missing occupational activity intensity were assigned either the level of a similar job 167 

the same participant had held (based on their self-reported job titles and main job duties), or a 168 

physical demands strength rating (based on job-title and duties) from the Dictionary of Occupational 169 

Titles if the participant had not reported the activity level of a similar job.[34] Missing information on 170 
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hours per week or weeks per year for a job was assigned the median values of the existing/remaining 171 

records (of the same variable) from each individual. The missing duration of a job was calculated by 172 

subtracting the age started at the current job from the age started at the following job.   173 

Hours per week were truncated at 14 hours per week for each individual recreational and transport-174 

related activity, and household chores were truncated at 40 hours per week. If a participant was 175 

missing data for months per year and/or hours per week for an activity, and they had performed the 176 

same activity in a previous or subsequent age-period, the value(s) from that age-period were used. If 177 

they had not performed the same activity in a previous or subsequent age-period, they were assigned 178 

the median value from the study population. 179 

Statistical analysis 180 

For the total sample, and separately for premenopausal and postmenopausal women in subgroup 181 

analyses, PA variables were categorized into 0 and tertiles of non-zero values of MET-hours/week PA 182 

if there were adequate controls in the 0 MET-hours/week category. Otherwise, quartiles of mean 183 

MET-hours/week of PA based on the distributions of controls were applied to categorize PA types. 184 

Univariate logistic regressions were performed with the potential confounding factors, which 185 

included: demographic characteristics (age, socio-economic status, remoteness of residence and 186 

education attainment); reproductive history (age at menarche, age at first pregnancy, breastfeeding 187 

history and oral-contraceptive use in the past 5 years); medical history (family history of breast cancer 188 

and use of hormone replacement therapy), and lifestyle risk factors (alcohol consumption, smoking 189 

status and current BMI). Variables were later introduced into a multivariate regression model based 190 

upon a conservative p-value of <0.25 in the univariate regression models. A backward stepwise 191 

variable elimination was applied. Independent variables with p>0.10 were removed from the 192 

regression model one at a time. Then, effect modification by risk factors were investigated in the 193 

analysis. Interactions between PA and family history of breast cancer; parity; BMI and ER status were 194 

included in the total PA model. If results indicated significant interaction effects, subgroup analysis 195 

were undertaken.  196 
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Restricted Cubic Spline (RCS) [35] function (4 knots option) was used to account for the non-linearity 197 

in the investigation of risk of breast cancer and recreational physical activities. In these analyses each 198 

of the PA variables was entered into the model as a continuous MET-hours/week variable rather than 199 

as a categorical variable.      200 

Results 201 

In the BCEES study, 58% eligible cases (1202/2084) and 41% eligible controls (1785/4356) 202 

responded to the questionnaire. Overall, controls were slightly older than the cases; and larger 203 

proportion of controls were post-menopausal than cases (77% vs 70%). The characteristics of study 204 

participants were summarized in Table 1. Compared to controls, cases were less likely to be post-205 

menopausal; have no children and a short breast feeding history; have clear family history of breast 206 

cancer; receive mixed-hormone HRT (Table 1). Furthermore, Over 70% diagnosed breast cancer 207 

tested ER positive in our study sample.    208 

Table 1: Characteristics of breast cancer cases and controls  209 

Description of PA components 210 

Levels of physical activities are summarized in different dimensions in Table 2. Domain-wise, 211 

household and occupational physical activities were the major contributors to total lifetime PA. 212 

Recreational PA accounted for around 20% of lifetime PA among all participants. Intensity-wise, 213 

light, moderate and vigorous PA accounted for 57%, 31% and 12% of lifetime PA respectively. No 214 

significant differences were observed between cases and controls.  215 

Table 2: Summary of physical activity measures by breast cancer case and control status 216 

PA and risk of breast cancer 217 

The results suggested a non-linear association between lifetime total PA and risk of breast cancer. 218 

Women who undertook 95 to 130 MET-hours/week/year PA were at lower risk of breast cancer 219 

compared with participants in the other categories (Table 3), although these differences were not 220 

statistically significant. Higher amounts of PA did not further reduce risk of breast cancer and in fact 221 

the point risk estimate increased in the highest group. A similar pattern was observed among post-222 

menopausal women, while increasing levels of lifetime all PA seemed to be associated with slightly 223 
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higher risk of breast cancer in the pre-menopausal sub-group. However, the trend was not statistically 224 

significant.  225 

No significant interactions for lifetime total PA and BMI, parity and family history were observed 226 

(Supplementary Table 1). Analysis by ER status was also performed (Supplementary Table 2). The 227 

associations were generally stronger among the ER positive breast cancer cases than the ER negative 228 

cases. However, no significant dose-response associations were observed in any analysis.  229 

Table 3: Adjusted logistic regression analyses for lifetime total physical activities (recreational, household, occupational 230 
and transport) and breast cancer 231 

When taking into account domains of lifetime PA, our analysis did not yield significant associations 232 

between risk of breast cancer and either domains or intensity of lifetime PA in the overall analyses. 233 

Sub-group analysis of post-menopausal women yielded a significant association between recreational 234 

PA and breast cancer risk (Table 4). Medium rather than high amounts of recreational PA were 235 

associated with lower risk of breast cancer. Compared to light- and moderate-intensity PA, vigorous-236 

intensity PA was more relevant for reducing breast cancer risk, especially among post-menopausal 237 

women (4-13 METs-hour/week) (Table 4). No clear risk reduction was observed in the pre-238 

menopausal subgroup for any domain or intensity and in fact occupational physical activity seemed to 239 

be associated with increased risk.  240 

Table 4: Multiple logistic regressions for different domains and intensities of lifetime physical activity and breast cancer 241 
for all participants and stratified by menopausal status   242 

We further examined the associations between recreational PA and breast cancer risk using Restricted 243 

Cubic Spline (RCS) analyses. The RCS demonstrated a complicated pattern between the amount of 244 

lifetime recreational PA and risk of breast cancer. Compared with doing no recreational PA, up to 21 245 

METs hour/week recreational PA was associated with reduced risk of breast cancer (Figure 1). 246 

Recreational PA up to 60 METs hour/week yielded no further risk reduction than to 21 METs 247 

hour/week, while the extrapolation beyond 60 METs hour/week suggested a continuous risk 248 

reduction. However, only a limited number of participants (less than 5%) had than 60 METs 249 

hour/week recreational PA. A similar pattern is demonstrated among post-menopausal women with 250 
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larger risk reduction effects. Significant risk reduction was observed at level up to 20 METS-251 

hours/week among post-menopausal women (Figure 1b).  252 

Figure 1: The dose-response analysis of breast cancer risk and recreational physical activity using multivariate restricted cubit splines 253 
in all participants (a) and post-menopausal participants (b) 254 

Further analysis of intensity of recreational PA indicated different patterns of dose-response 255 

associations of moderate- and vigorous-recreational PA with risk of breast cancer. A medium amount 256 

of moderate or vigorous recreational PA appeared to be associated with lower risk of breast cancer 257 

(Table 5). RCS further suggested different dose-response associations between moderate and vigorous 258 

intensity recreational PA with risk of breast cancer (Figures 2, 3). Increasing moderate-intensity 259 

recreational PA up to 16 METs-hour/week seemed to be associated with lower risk of breast cancer, 260 

with stronger effects among post-menopausal women. Higher amounts beyond 16 METs-hour/week 261 

were not associated with decreased risk of breast cancer (Figure 2). On the other hand, an increasing 262 

amount of vigorous-intensity recreational PA tended to continuously lower breast cancer risk and 263 

significant risk reduction was observed when the amount is higher than 40 METs-hour/week (Figure 264 

3).  265 

Table 5: Multiple logistic regressions on the intensity of lifetime recreational physical activity and breast cancer risk 266 
stratified by menopausal status 267 
 268 

Figure 2: The dose-response analysis of breast cancer risk and moderate-intensity recreational physical activity using multivariate 269 
restricted cubit splines in all participants (a) and post-menopausal participants (b)   270 

Figure 3: The dose-response analysis of breast cancer risk and vigorous-intensity recreational physical activity using multivariate 271 
restricted cubit splines in all participants (a) and post-menopausal participants (b)   272 

Discussion 273 

This study investigated the dose-response relationship of lifetime physical activity (in terms of 274 

domains and intensity) and risks of breast cancer in general and further in pre- and post-menopausal 275 

subgroups. Our analyses indicated a small beneficial effect of lifetime PA in reducing risk of breast 276 

cancer overall and in the post-menopausal subgroup, but in a non-linear fashion. We found borderline 277 

significant risk reduction for recreational PA in general, but not for other domains of PA (household, 278 

occupational and transport PA). The association between recreational PA and breast cancer risk was 279 

stronger in the post-menopausal subgroup. The analysis regarding intensity of PAs demonstrated that 280 

compared to light and moderate-intensity PA, increasing vigorous-intensity PA is more relevant to 281 
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reducing breast cancer risk, especially among post-menopausal women although this is also a non-282 

linear association. Finally the dose-response analysis of moderate- and vigorous recreational PA 283 

demonstrated distinctive dose-response association patterns with breast cancer risk.  284 

We found stronger associations between recreational PA and risk of breast cancer than other domains 285 

of PA. One possible explanation for this is exposure misclassification. Household and occupational 286 

PA, particularly among women, is generally light-intensity, which is recalled less reliably than 287 

moderate- and vigorous-intensity PA.[29, 36] Also, these results corroborate the findings of previous 288 

studies that have measured recreational PA and two or more other PA domains[21, 37-45]; these 289 

previous studies have generally found that physical activity in the recreational domain confers the 290 

largest risk reduction[40-44], although some studies have observed larger risk reductions in the 291 

household domain[37, 39, 45]. We did not find any significant associations between transport PA and 292 

breast cancer risk. However, approximately 40% of all study participants reported no transport PA 293 

and overall it composed less than 3% of lifetime PA. Therefore, the statistical power was low in our 294 

analysis. In terms of intensity of PA, our findings are generally consistent with previous research 295 

suggesting stronger effects of vigorous-intensity PA in reducing risk of breast cancer than other lower 296 

intensity PA.[2] Again, our results demonstrated non-linear associations, especially among post-297 

menopausal women. No clear associations were observed in the pre-menopausal subgroup in our 298 

study. 299 

Our analysis of the recreational PA suggested lower risk of breast cancer among women partaking in 300 

a medium amount (6-26 MET-hours/week) of recreational PA. The literature seems to suggest a linear 301 

correlation between amount of recreational PA and breast cancer. [15, 16, 18] However, there is 302 

significant heterogeneity in the measurement of recreational PA in different studies, with the median 303 

value varying from 9 to 52 MET-hours/week. [9, 13, 15, 17] Therefore, the results in these studies 304 

may not be comparable. We applied Restricted Cubic Spline analysis to further the investigation of 305 

the dose-response associations between recreational PA and breast cancer risk. The results confirmed 306 

a non-linear association. Significant risk reductions were observed among post-menopausal women 307 

undertaking up to 20 MET-hours/week recreational PA. The pattern was consistent with findings of 308 
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the systematic review of prospective cohort studies, in which a spline demonstrated a relatively linear 309 

reduction in breast cancer risk with increasing amount of recreational PA up to12 METs-hours/week. 310 

[3] However, the spline did not extend above 12 METs-hours/week. [3] Also, the results were broadly 311 

consistent with the recommendations from World Health Organization (WHO) and the World Cancer 312 

Research Fund. According to the WHO, 150 minutes of moderate-intensity PA or 75 minutes of 313 

vigorous-intensity PA per week is recommended for healthy adults,[24]  which is roughly equivalent 314 

to 9 MET-hours/week. Our findings are also consistent with the World Cancer Research Fund 315 

recommendation of 60 minutes moderate-intensity or 30 minutes vigorous-intensity PA on a daily 316 

basis for healthy adults to improve fitness level, which corresponds to approximately 20 MET-317 

hours/week.[23] 318 

Our analysis further suggested different dose-response associations between moderate- (3-6 METs) 319 

and vigourous-intensity (>=6 METs) recreational PA with risk of breast cancer respectively. 320 

Consistent with other relevant studies, [9, 13, 15, 17] increasing amount of vigorous-intensity 321 

recreational PA was associated with a decreasing risk of breast cancer, but with diminishing marginal 322 

benefits. Again, the effects were stronger among post-menopausal women. However, the results of 323 

moderate recreational PA suggested decreased breast cancer risk was associated with up to 9 MET-324 

hours/week. Increasing amounts of moderate-intensity recreational PA (above 17 METs-hour/week) 325 

seemed to be associated with increasing risk of breast cancer. It is possible that the results could be 326 

partially attributed to reporting bias, as research suggests that cancer patients may over-report their 327 

level of PA compared to controls.[46]  Further, since only a small proportion (around 10%) of our 328 

study participants self-reported more than 26 MET-hours/week of moderate-intensity recreational PA, 329 

the spline projection at higher levels may not be reliable. Finally, a few studies in the literature have 330 

investigated the association between moderate-intensity recreational PA and risk of breast cancer.[47, 331 

48] Since different definitions and measures were used in these studies to define moderate-intensity 332 

recreational PA, the results were not comparable to ours. Further study is needed to confirm the dose-333 

response correlations between moderate-intensity recreational PA and risk of breast cancer.  334 
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Although both the PA guidelines from WHO and the World Cancer Research Fund make the 335 

assumption that moderate- and vigorous-intensity PA are interchangable in terms of energy 336 

expenditure, with the implication that double amount of moderate-intensity is equivalent to vigorous-337 

intensity PA.[23, 24] Our analysis indicated that moderate and vigorous-intensity recreational PA may 338 

not be interchangable in terms of reducing risk of breast cancer. In this study, we found generally 339 

stronger associations between PA and risk of breast cancer among post-menopausal than pre-340 

menopausal women. The results are consistent with previous research both epidemiological and 341 

biomedical.[2] 342 

Strengths  343 

This study had several strengths. We had a large sample size, and had information about a wide range 344 

of potentially confounding variables. We were also able to investigate a number of interaction effects 345 

in this study, including family history of breast cancer, parity, BMI and ER status. However, none of 346 

these variables yielded significant interactions with physical activity. A further strength was having 347 

detailed information about physical activity in four domains and across the lifetime. Finally, our 348 

investigation of PA as a continuous variable and the use of restricted cubic spline analyses better 349 

inform the potential dose-response relationship between different intensity of recreational PA and 350 

breast cancer.  351 

Limitations 352 

Our study may be subject to selection bias considering the relatively low response rates. Differences 353 

in age and residential remoteness were found between respondents and non-respondents in cases, and 354 

there was an age difference in controls. However, their potential influence on the amount of PA was 355 

not clear and unlikely to be substantial. Other limitations are associated with the measurement of 356 

physical activities. Self-reported physical activity is subject to reporting bias, especially for PAs in the 357 

early age-periods.[36]. A further limitation of this study was the lack of information regarding dietary 358 

intake. There are no convincing or probable dietary risk factors for breast cancer however, so it 359 

unlikely that controlling for dietary factors would have had a meaningful effect on the observed 360 

associations.[49] Finally, we did not have information about progesterone-receptor status or stage of 361 



15 
 

breast cancer for cases, so we were not able to investigate if the association between PA and breast 362 

cancer risk varied by these clinical characteristics. 363 

Conclusion  364 

In this study, we found non-linear associations between physical activity and risk of breast cancer. 365 

The associations between physical activities and breast cancer risk were stronger in post-menopausal 366 

women than pre-menopausal women. Medium amounts of recreational PA among post-menopausal 367 

women were associated with lower risk of breast cancer as was vigorous intensity recreational PA. 368 

Overall, the results of our study supported PA amount recommendations from the WHO and the 369 

World Cancer Research Fund/ American Institute for Cancer Research guidelines for cancer 370 

prevention. Finally, our study informs different dose-response associations of moderate- /vigorous-371 

intensity recreational PA with breast cancer risks.   372 
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Table 1: Characteristics of breast cancer cases and controls  

Variables Cases (%) 

(n=1,205) 

Controls (%) 

(n=1,789) 

P 

Age group (years)   <0.01 
< 44 168 (13.9) 179 (10.0)  

45-49 175 (14.5) 203 (11.4)  
50-54 152 (12.6) 237 (13.2)  
55-59 184 (15.3) 306 (17.1)  
60-64 193 (16.0) 322 (8.0)  
65-69 148 (12.3) 272 (15.2)  

70-80 185 (15.4) 270 (15.1)  

Socioeconomic score   0.50 

Advantaged 1 54 (4.5) 91 (5.1)  
2 153 (12.7) 245 (13.7)  
3 234 (19.4) 372 (20.8)  
4 248 (20.6) 361 (20.2)  

Disadvantaged 5 515 (42.7) 720 (40.2)  
Missing 1 (0.1) 0  

Remoteness   0.31 
Highly accessible  1,033 (85.7) 1,513 (84.6)  

Less accessible/remote 171 (14.2) 276 (15.4)  
Missing 1 (0.1) 0  

Country of birth   0.20 
Australia/New Zealand 768 (63.7) 1,191 (66.6)  

UK/Ireland 261 (21.7) 385 (21.5)  
Other Europe 66 (5.5) 86 (4.8)  

Asia 64 (5.3) 67 (3.7)  

Other  46 (3.8) 60 (3.4)  

Education   <0.01 
Junior school  436 (36.2) 646 (36.1)  

Senior school 248 (20.6) 403 (22.5)  
Trade/apprenticeship 259 (21.5) 436 (24.4)  

University 262 (21.7) 304 (17.0)  

Age at menarche   0.11 
<13 years old  543 (45.1) 737 (41.2)  
≥13 years old  650 (53.9) 1,032 (57.7)  

Missing  12 (1.0) 20 (1.1)  

Parity    0.03 

No Child  158 (13.1) 188 (10.5)  

At least 1 Child  1,047 (86.9) 1,601 (89.5)  
Missing  0 0  

Breast feeding history   0.02 
No breastfeeding 285 (23.6) 343 (19.2)  

Breastfed≤12 months  394 (32.7) 637 (35.6)  
Breastfed>12 months 507 (42.1) 773 (43.2)  

Missing 19 (1.6) 36 (2.0)  

Menopausal status    <0.01 
Pre-menopausal 839 (69.6) 1,368 (76.5)  

Post-menopausal  366 (30.4) 421 (23.5)  

Family History of breast cancer  <0.01 
None 729 (60.5) 1,281 (71.6)  

Some family history   302 (25.1) 373 (20.8)  
Clear family history  170 (14.1) 131 (7.3)  

Unknown/missing  4 (0.3) 4 (0.2)  

HRT type   <0.01 
No HRT  748 (62.1) 1,035 (57.8)  

Single hormone HRT 157 (13.0) 358 (20.0)  
Mixed hormone HRT 185 (15.4) 224 (12.5)  

Non-hormone/unknown HRT 114 (9.5) 171 (9.6)  
Missing 1 (0.1) 1 (0.1)  

Smoking status   0.39 
Never smoked 658 (54.6) 1,022 (57.1)  

Ever smoked  543 (45.1) 761 (42.5)  

Missing 4 (0.3) 6 (0.3)  

Alcohol consumption/week     0.50 
None  202 (16.8) 285 (15.9)  



<1 standard drink 138 (11.4) 230 (12.9)  
1-3 standard drinks 278 (23.1) 419 (23.4)  
4-6 standard drinks 148 (12.3) 235 (13.1)  
7-9 standard drinks 120 (10.0) 143 (8.0)  
≥10 standard drinks 315 (26.1) 469 (26.2)  

Missing  4 (0.3) 8 (0.5)  

Current BMI    0.98 

Underweight/normal  503 (41.7) 756 (42.3)  
Overweight  388 (32.2) 581 (32.5)  

Obese  286 (23.7) 409 (22.9)  
Missing 28 (2.3) 43 (2.4)  

ER status     
ER positive 858 (71.2) N/A  
ER negative 170 (14.1)  

Others 177 (14.7)  
Significant results (p<0.05) were highlighted 



Table 2: Summary of physical activity measures by breast cancer case and control status 

Variable 

Total  Cases Controls 

No. 
Mean (SD)       

(MET-
hours/week/year) 

% (SD)*  No. 
Mean (SD)       

(MET-
hours/week/year) 

%*  No. 
Mean (SD)       

(MET-
hours/week/year) 

% (SD)*   

Lifetime All PA 2,947 104.7 (56.9) 100 1,183 108.0 (60.2) 100 1,764 102.6 (54.5) 100 

Lifetime Household PA 2,951 42.3 (27.5) 43.9 (23.3) 1,183 41.9 (28.2) 42.4 (23.4) 1,768 42.5 (27.0) 44.9 (23.1) 
Lifetime Occupational PA 2,983 39.3 (40.1) 32.9 (25.0) 1,200 42.2 (43.3) 34.4 (25.3) 1,783 37.4 (37.6) 31.9 (24.7) 
Lifetime Recreational PA 2,971 20.2 (21.3) 20.3 (16.6) 1,193 20.8 (21.3) 20.3(16.1) 1,778 19.8 (21.3) 20.3 (16.9) 
Lifetime Transport PA 2,949 2.9 (6.2) 2.9 (5.3) 1,183 3.0 (6.5) 2.9 (5.2) 1,766 2.8 (6.0) 2.8 (5.4) 

Lifetime light PA 2,988 55.6 (33.1) 56.8 (23.3) 1,200 55.7 (33.6) 55.7 (23.5) 1,788 55.5 (32.8) 57.5 (23.2) 
Lifetime moderate PA 2,988 34.2 (36.1) 30.6 (20.8) 1,200 36.3 (39.8) 31.5 (21.5) 1,788 32.9 (33.3) 30.0 (20.2) 
Lifetime vigorous PA 2,988 14.3 (24.5) 12.6 (14.7) 1,200 15.2 (26.6) 12.8 (15.0) 1,788 13.6 (23.0) 12.5 (14.5) 

*proportion of contribution to the lifetime All PA 



Table 3: Adjusted logistic regression analyses for lifetime total physical activities (recreational, household, occupational 
and transport) and breast cancer  

PA (MET-hrs/w/year) Cases  Controls  OR [95% CI]* 

All samples (n=1205) (n=1789)  
0-64.6 298 (24.7) 441 (24.6) 1.00 

64.7-95.1 267 (22.2) 443 (24.8) 0.92 (0.74, 1.15) 

95.2-129.9 259 (21.5) 439 (24.5) 0.90 (0.72 1.12) 

>=130.0 359 (29.8) 441 (24.6) 1.22 (0.98, 1.50) 

Missing  22 (1.83) 25 (1.4)  

Ptrend   0.02 

Post-menopausal Women (n=839) (n=1368)  
0-68.5 203 (24.2) 338 (24.7) 1.00 

68.6-97.2 196 (23.4) 337 (24.6) 0.98 (0.76, 1.27) 

97.3-131.2 171 (20.4) 336 (24.6) 0.84 (0.65, 1.09) 

>=131.3 249 (29.7) 335 (24.5) 1.23 (0.97, 1.58) 

Missing 20 (2.4) 22 (1.6)  

Ptrend   0.03 

Pre-menopausal women (n=366) (n=421)  
0-50.8 72 (19.7) 105 (24.9) 1.00 

50.9-83.5 89 (24.3) 104 (24.7) 1.19 (0.78, 1.81) 

83.6-127.0 92 (25.1) 104 (24.7) 1.25 (0.82, 1.91) 

>=127.1 111 (30.3) 105 (24.9) 1.46 (0.97, 2.20) 

Missing 2 (0.6) 3 (0.7)  

Ptrend   0.34 
* adjusted for age, menopausal status, family history of breast cancer, education levels, type of HRT, age at menarche and age at first birth 

 

  



Table 4: Multiple logistic regressions for different domains and intensities of lifetime physical activity and breast cancer 
for all participants and stratified by menopausal status   

PA  
(MET-

hrs/w) 

All participants PA 
(MET-

hrs/w) 

Post-

menopausal  

PA 
(MET-

hrs/w) 

Pre-

menopausal  

Cases 

(1,205) 
Controls 

(1,789) 
Odds Ratio 

[95% CI] 

Odds Ratio  

[95% CI] 

Odds Ratio  

[95% CI] 

Occupational Physical Activities   
<0.1 173(14.4) 300 (16.8) 1.00 <0.1 1.00 <0.1 1.00 

0.1-22.7 328 (27.2) 494 (27.6) 1.15 (0.90, 1.46) 0.1-21.3 1.04 (0.79, 1.37) 0.1-25.1 1.26 (0.77, 2.06) 
22.8-52.7 315 (26.1) 496 (27.7) 1.09 (0.85, 1.39) 21.4-49.0 0.98 (0.74, 1.29) 25.2-61.9 1.63 (1.01, 2.64) 
>=52.8 384 (31.9) 493 (27.6) 1.30 (1.02, 1.66) >49.1 1.18 (0.90, 1.56) >62.0 1.57 (0.96, 2.57) 
Missing  5 (0.4) 6 (0.3)      

Ptrend   0.15 Ptrend 0.42 Ptrend 0.16 

Household Physical Activities        
0-21.3 326 (27.1) 446 (24.9) 1.00  0-25.7 1.00 0-11.9 1.00 

21.4-38.2 304 (25.2) 443 (24.8) 0.97 (0.78, 1.21) 25.8-42.5 0.94 (0.73, 1.21) 12.0-23.9 1.25 (0.83, 1.89) 
38.3-60.5 288 (23.9) 443 (24.8) 0.95 (0.76, 1.19) 42.6-65.4 1.01 (0.79, 1.30) 24.0-39.9 1.00 (0.66, 1.52) 
>=60.6 267 (22.2) 441 (24.7) 0.91 (0.71, 1.16) >=65.5 0.92 (0.70, 1.19) >=40.0 1.03 (0.67, 1.58) 
Missing  20 (1.7) 16 (0.9)      

Ptrend   0.89 Ptrend 0.85 Ptrend 0.64 

Recreational Physical activities     

0-6.2 302 (25.1) 445 (24.9) 1.00 0-6.2 1.00 0-6.6 1.00 
6.3-13.9 264 (21.9) 444 (24.8) 0.84 (0.67, 1.05) 6.3-13.5 0.74 (0.57, 0.96) 6.7-14.7 1.10 (0.72, 1.68) 

14.0-25.6 276 (22.9) 446 (24.9) 0.86 (0.69, 1.07) 13.6-25.5 0.83 (0.64, 1.07) 14.8-25.8 1.16 (0.76, 1.76) 
>=25.7 351 (29.1) 443 (24.8) 1.08 (0.87, 1.34) >=25.6 1.05 (0.82, 1.35) >=25.9 1.24 (0.81, 1.90) 
Missing 12 (1.0) 11 (0.6)      

Ptrend   0.06 Ptrend 0.02 Ptrend 0.79 

Transport Physical Activities      
<0.1 446 (37.0) 721 (40.3) 1.00 <0.1 1.00 <0.1 1.00 

0.1-1.2 235 (19.5) 351 (19.6) 1.05 (0.85, 1.29) 0.1-1.1 1.03 (0.81, 1.32) 0.1-1.3 1.08 (0.72, 1.62) 
1.3-4.1 253 (21.0) 350 (19.6) 1.14 (0.92, 1.40) 1.2-4.0 1.05 (0.83, 1.34) 1.4-4.1 1.34 (0.90, 1.99) 
>=4.2 252 (20.9) 352 (19.7) 1.14 (0.92, 1.41) >=4.1 1.03 (0.80, 1.33) >=4.2 1.34 (0.89, 2.00) 

Missing  19 (1.6) 18 (0.8)      
Ptrend   0.53 Ptrend 0.98 Ptrend 0.37 

Light-intensity All PA (METs (1.5, 3))      

0-29.5 303 (25.1) 447 (25.0) 1.00 0-32.2 1.00 0-23.3 1.00 
29.6-51.5 304 (25.2) 448 (25.0) 1.02 (0.82, 1.27) 32.3-54.6 0.99 (0.77,1.27) 23.4-43.6 1.04 (0.69, 1.57) 
51.6-76.3 280 (23.2) 447 (25.0) 0.95 (0.76, 1.18) 54.7-79.3 0.92 (0.71,1.18) 43.7-68.8 1.03 (0.68, 1.55) 
>=76.4 313 (26.0) 446 (24.9) 1.04 (0.83, 1.29) >=79.4 1.01 (0.79,1.30) >=68.9 1.17 (0.78, 1.77) 
Missing  5 (0.4) 1 (0.1)      

Ptrend   0.85 Ptrend 0.87 Ptrend 0.87 

Moderate-intensity ALL PA (METs:[3,6))      

0-9.8 271 (22.5) 448 (25.0) 1.00 0-10.4 1.00 0-7.9  1.00 
9.9-21.8 308 (25.6) 446 (24.9) 1.16 (0.93, 1.45) 10.5-22.9 1.23 (0.95, 1.59) 8.0-18.4 1.14 (0.75, 1.75) 

21.9-44.3 291 (24.1) 447 (25.0) 1.13 (0.91, 1.41) 23.0-46.0 1.11 (0.86, 1.43) 18.5-38.7 1.20 (0.79, 1.85) 
>=44.4 330 (27.4) 447 (25.0) 1.27 (1.01, 1.58) >=46.1 1.24 (0.96, 1.61) >=38.8 1.44 (0.95, 2.19) 
Missing 5 (0.4) 1 (0.1)       

Ptrend   0.21 Ptrend 0.30 Ptrend 0.39 

Vigorous-intensity All PA (METs: >=6)     

<0.1 271 (22.5) 448 (25.0) 1.00 <0.1 1.00 <0.1 1.00 
0.1-4.1 308 (25.6) 446 (24.9) 0.94 (0.72, 1.21) 0.1-4.2 0.85 (0.64,1.14) 0.1-4.2 0.99 (0.60, 1.63) 
4.2-13.6 291 (24.1) 447 (25.0) 0.85 (0.66, 1.10) 4.3-12.8 0.74 (0.55, 0.99) 4.3-15.1 1.10 (0.67, 1.82) 
>=13.7 330 (27.4) 447 (25.0) 0.92 (1.72, 1.19) >=12.9 0.84 (0.63, 1.13) >=15.2 0.97 (0.59, 1.61) 
Missing 5 (0.4) 1 (0.1)      

Ptrend    0.65 Ptrend 0.26 Ptrend 0.91 
Notes: analysis adjusted for age, menopausal status, family history of breast cancer, education levels, type of HRT, age at menarche, age at first birth, 
breastfeeding history and other types of physical activity 
           

  



Table 5: Multiple logistic regressions on the intensity of lifetime recreational physical activity and breast cancer risk stratified by menopausal status 

 All participants  Post-menopausal participants Pre-menopausal participants 

Recreational PA 

(MET-hrs/w) 

Cases (1,205) Controls (1,789) OR [95% CI] Recreational PA 

(MET-hrs/w) 

OR [95% CI] Recreational PA 

(MET-hrs/w) 

OR [95% CI] 

No. (%) No. (%) 

Moderate-intensity Recreational PA (METs: [3, 6)) 

<0.1 177 (14.7) 225 (12.6) 1.00 <0.1 1.00 <0.1 1.00 

0.1-4.3 294 (24.4) 518 (28.9) 0.73 (0.56, 0.94) 0.1-4.3 0.74 (0.56, 0.99) 0.1-3.9 0.63 (0.36, 1.11) 

4.4-12.3 345 (28.6) 516 (28.8) 0.84 (0.65, 1.09) 4.4-12.4 0.76 (0.57, 1.02) 4.0-11.1 0.93 (0.54, 1.61) 

>=12.4 377 (31.3) 519 (29.0) 0.93 (0.72, 1.20) >=12.5 0.94 (0.71, 1.25) >=11.2 0.87 (0.50, 1.51) 

Missing 12 (1.0) 11  (0.6)      

Ptrend   0.04 Ptrend 0.06 Ptrend 0.17 

Vigorous-intensity Recreational PA (METs: [6, )) 

<0.1 201 (16.7) 270 (15.1) 1.00 <0.1 1.00 <0.1 1.00 

0.1-3.4 342 (28.4)  498 (27.8) 0.95 (0.75, 1.22) 0.1-3.4 0.93 (0.71, 1.23) 0.1-3.7 0.91 (0.57, 1.44) 

3.5-10.8 300 (24.9)  505 (28.2) 0.79 (0.62, 1.02) 3.5-10.3 0.74 (0.55, 0.98) 3.8-12.8 0.94 (0.59, 1.48) 

>=10.9 350 (29.1)  505 (28.2) 0.85 (0.66, 1.08) >=10.4 0.77 (0.58, 1.02) >12.8 0.83 (0.52, 1.32) 

Missing 12 (1.0)  11 (0.6)      

Ptrend   0.18 Ptrend 0.09 Ptrend 0.87 
Note:

    
final model adjusted for: age, menopausal status, family history of breast cancer, education levels, type of HRT, age at menarche, age at first birth, breastfeeding history and other types of physical activity 

 
  



  

 
Figure 1: The dose-response analysis of breast cancer risk and recreational physical activity using multivariate restricted cubit splines in 
all participants (a) and post-menopausal participants (b)  
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Figure 1b: Post-menopausal participants 

Recreational PA  
(MET-hours/week) 

Median OR 

(95%CI) 

0 1.00 

1-9* 0.80 (0.68, 0.93) 

10-20* 0.65 (0.47, 0.90) 

21-40 0.89 (0.67, 1.19) 

41-60* 0.93 (0.69, 1.26) 

60-80** 0.76 (0.53, 1.10) 
Note: knots of spline*; 5% of the study sample** 
Spline analysis adjusted for SES, remoteness, education level, family history of 
breast cancer, smoking status, age at menarche, parity status, uptake of 
contraceptive drugs in the last 5 years, breastfeeding history, HRT history, and 
other types of PA 

Figure 1a: All participants  

Recreational PA 
(MET-hours/week) 

Median OR 
(95%CI) 

0 1.00 

1-21* 0.77 (0.58, 1.02) 

22-34 0.95 (0.74, 1.22) 

35-50 1.01 (0.78, 1.30) 

51-60* 0.97 (0.74, 1.26) 

61-80** 0.90 (0.66, 1.23) 
Note: knots of spline*; 5% of the study sample** 
Spline analysis adjusted for SES, remoteness, education level, family history of 
breast cancer, smoking status, age at menarche, parity status, uptake of 
contraceptive drugs in the last 5 years, breastfeeding history, HRT history, and 
other types of PA 

 

 

 

 

 

 

 



  

  
Figure 2: The dose-response analysis of breast cancer risk and moderate-intensity recreational physical activity using multivariate 
restricted cubit splines in all participants (a) and post-menopausal participants (b)  
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Figure 2a: All participants  

Recreational MPA 
(MET-hours/week) 

Median OR 
(95%CI) 

0 1.00 

1-3* 0.92 (0.84, 1.02) 

4-10* 0.83 (0.65, 1.06) 

11-16 0.95 (0.76, 1.17) 

17-35* 1.12 (0.90, 1.41) 

36-50** 1.32 (0.96, 1.83) 
Note: knots of spline*; 5% of the study sample** 
Spline analysis adjusted for SES, remoteness, education level, family 
history of breast cancer, smoking status, age at menarche, parity status, 
uptake of contraceptive drugs in the last 5 years, breastfeeding history, 
HRT history, and other types of PA 

 

 

 

 

 

 

Figure 2b: Post-menopausal participants 

Recreational MPA 
(MET-hours/week) 

Median OR 
(95%CI) 

0 1.00 

1-3* 0.89 (0.80, 1.00) 

4-10* 0.76 (0.57, 1.01) 

11-20 0.90 (0.70, 1.16) 

21-35* 1.10 (0.85, 1.43) 

36-50** 1.30 (0.91, 1.86) 
Note: knots of spline*; 5% of the study sample** 
Spline analysis adjusted for SES, remoteness, education level, family history 
of breast cancer, smoking status, age at menarche, parity status, uptake of 
contraceptive drugs in the last 5 years, breastfeeding history, HRT history, 
and other types of PA 



 

 
Figure 3: The dose-response analysis of breast cancer risk and vigorous-intensity recreational physical activity using multivariate 
restricted cubit splines in all participants (a) and post-menopausal participants (b) 
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Figure 3a: All participants  

Recreational VPA 
(MET-hours/week) 

Median OR 
(95%CI) 

0 1.00 

0-9* 0.82 (0.65, 1.03) 

10-40* 0.86 (0.69, 1.08) 

41-50** 0.76 (0.59, 0.99) 
Note: knots of spline*; 5% of the study sample** 
Spline analysis adjusted for SES, remoteness, education level, family 
history of breast cancer, smoking status, age at menarche, parity status, 
uptake of contraceptive drugs in the last 5 years, breastfeeding history, 
HRT history, and other types of PA 

 

 

 

 

 

 

Figure 3b: Post-menopausal participants 

Recreational VPA 
(MET-hours/week) 

Median OR 
(95%CI) 

0 1.00 

1-2* 0.86 (0.75, 0.99) 

3-8* 0.74 (0.56, 0.97) 

9-37* 0.83 (0.64, 1.09) 

38-50** 0.68 (0.50, 0.93) 
Note: knots of spline*; 5% of the study sample** 
Spline analysis adjusted for SES, remoteness, education level, family history 
of breast cancer, smoking status, age at menarche, parity status, uptake of 
contraceptive drugs in the last 5 years, breastfeeding history, HRT history, 
and other types of PA 



Supplementary tables 

Table 1: Statistical tests for interaction effect of lifetime physical activity by relevant variables in multivariate logistic 
regression models 

Variables P value 

Family history of breast cancer  0.9827 

BMI 0.2185 

Parity  0.4471 
Model adjusted for age, SES, remoteness, education levels, smoking status, age at menarche, use of contraceptive drug in the last 5 years, parity history, 
breastfeeding history, HRT type, BMI, menopausal status and family history of breast cancer 

  



Table 2: Multiple logistic regressions for different domains and intensities of lifetime physical activity and breast cancer 
for all participants and stratified by ER status 

PA 
(MET-hrs/w) 

No. (%) Odds Ratio (OR) [95% CI] 

ER+ (858) ER- (170) Controls (1789) ER+ cases* ER- cases^ 
All PA  

0-64.6 201 (23.4) 48 (28.2) 441 (25.0) 1.00 1.00 
64.7-95.1 190 (22.1) 36 (21.2) 443 (25.1) 0.97 (0.76, 1.24) 0.76 (0.48, 1.21) 

95.2-129.9 188 (21.9) 34 (20.0) 439 (24.9) 0.95 (0.74, 1.22) 0.76 (0.47, 1.21) 
>=130.0 261 (30.4) 50 (29.4) 441 (25.0) 1.32 (1.04, 1.67) 1.12 (0.73, 1.72) 
Missing  18 (2.1) 2 (1.2) 25 (1.4)   
P 0.03 0.06  0.02 0.23 

Occupational Physical Activities      

<0.1 117 (13.6) 19 (11.2) 300 (16.8) 1.00 1.00 

0.1-22.7 227 (26.5) 51 (30.0) 494 (27.6) 1.15 (0.88, 1.52) 1.62 (0.93, 2.83) 
22.8-52.7 231 (26.9) 43 (25.3) 496 (27.7) 1.16 (0.88, 1.53) 1.38 (0.78, 2.43) 
>=52.8 280 (32.6) 56 (32.9) 493 (27.6) 1.37 (1.04, 1.79) 1.63 (0.93, 2.84) 
Missing 3 (0.35) 1 (0.6) 6 (0.3)   
P 0.19 0.25  0.14 0.31 

Household Physical Activities   

0-21.3 231 (26.9) 51 (30.0) 446 (24.9) 1.00 1.00 
21.4-38.2 216 (25.2) 39 (22.9) 443 (24.8) 0.99 (0.78, 1.27) 0.87 (0.55,1.37) 
38.3-60.5 202 (23.5) 44 (25.9) 443 (24.8) 0.96 (0.74, 1.24) 1.00 (0.63, 1.58) 
>=60.6 192 (22.4) 34 (20.0) 441 (24.7) 0.97 (0.74, 1.28) 0.89 (0.54, 1.47) 
Missing 17 (2.0) 2 (1.18) 16 (0.9)   

P 0.28 0.33  0.99 0.94 

Recreational Physical Activities   

0-6.2 211 (24.6) 40 (23.5) 445 (24.9) 1.00 1.00 
6.3-13.9 182 (21.2) 48 (28.2) 444 (24.8) 0.85 (0.66, 1.10) 1.15 (0.73, 1.80) 
14.0-25.6 200 (23.3) 38 (22.4) 446 (24.9) 0.90 (0.71, 1.16) 0.8 (0.54, 1.41) 
>=25.7 256 (29.8) 42 (24.7) 443 (24.8) 1.15 (0.90, 1.47) 1.01 (0.63, 1.62) 
Missing 9 (1.1) 2 (1.2) 11 (0.6)   
Pt 0.15 0.05  0.08 0.72 

 Transport Physical Activities   

<0.1 323 (37.6) 56 (32.9) 721 (40.3) 1.00 1.00 
0.1-1.2 163 (19.0) 30 (17.6) 351 (19.6) 0.98 (0.77, 1.24) 1.08 (0.68, 1.73) 
1.3-4.1 173 (20.2) 50 (29.4) 350 (19.6) 1.05 (0.83, 1.33) 1.64 (1.08, 2.48) 
>=4.2 184 (21.5) 32 (18.8) 352 (19.7) 1.12 (0.88, 1.42) 1.13 (0.71, 1.82) 

Missing  15 (1.8) 2 (1.18) 18 (0.8)   
P 0.29 0.05  0.75 0.11 

Light-intensity All PA (METs (1.5, 3))   

0-29.5 216 (25.2) 34 (20.0) 447 (25.0) 1.00 1.00 
29.6-51.5 211 (24.6) 49 (28.8) 448 (25.0) 0.99 (0.78, 1.26) 1.53 (0.96, 2.43) 
51.6-76.3 194 (22.6) 43 (25.3) 447 (25.0) 0.92 (0.72, 1.18) 1.32 (0.82, 2.13) 
>=76.4 234 (27.3) 43 (25.3) 446 (24.9) 1.09 (0.85, 1.38) 1.45 (0.90, 2.35) 
Missing 3 (0.4) 1 (0.6) 1 (0.1)   
P 0.31 0.29  0.61 0.31 

Moderate-intensity ALL PA (METs:[3,6))  

0-9.8 185 (21.6) 47 (27.7) 448 (25.0) 1.00 1.00 
9.9-21.8 225 (26.2) 40 (23.5) 446 (24.9) 1.26 (0.99, 1.61) 0.87 (0.55, 1.36) 
21.9-44.3 205 (23.9) 50 (29.4) 447 (25.0) 1.18 (0.92, 1.51) 1.06 (0.69, 1.64) 
>=44.4 240 (28.0) 32 (18.8) 447 (25.0) 1.41 (1.10, 1.81) 0.67 (0.41, 1.10) 

Missing 3 (0.3) 1 (0.6) 1 (0.1)   
P 0.19 0.01  0.05 0.27 

^Vigorous-intensity All PA (METs: >=6)*   

<0.1  116 (13.5) 25 (14.7) 448 (25.0) 1.00 1.00 
0.1-4.1 241 (28.1) 45 (26.5) 446 (24.9) 0.96 (0.72, 1.27) 0.84 (0.50. 1.42) 
4.2-13.6 235 (27.4) 44 (25.9) 447 (25.0) 0.89 (0.68, 1.18) 0.83 (0.49, 1.41) 
>=13.7 263 (30.6) 55 (32.4) 447 (25.0) 0.91 (0.68, 1.21) 0.97 (0.59, 1.62) 
Missing 3 (0.4) 1 (0.6) 1 (0.1)   
P 0.17 0.30  0.85 0.82 
Note: *final model adjusted for: age, menopausal status , education level, family history, parity status, breastfeeding history, family history of breast cancer, 

types of HRT and other domains of PA  

         ^ final model adjusted for: age, menopausal status, smoking status, family history of breast cancer, age at menarche, contraceptive drug in 5 years and PA 

of other intensity  

 


