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Methods
The review protocol is available online at https://www.wcrf.org/sites/default/files/breast-cancer-protocol.pdf (accessed on 15th March 2019). Modifications have been made since its preparation in 2007, the changes are indicated below.
Literature search
The CUP team at Imperial College London searched in PubMed for relevant publications, using a tested search strategy that contains medical subject headings (MeSH terms) and text words for a broad range of lifestyle factors and breast cancer. The search was updated after the Third Expert Report [1] and covered the period from database inception up to 30th April 2017. There was no language restriction. Reference lists of related articles were also screened. 
Study selection
The inclusion criteria of studies were: 1) Randomised controlled trials, cohort studies, case-cohort studies, case-control studies within a cohort, or studies that pooled individual data from multiple studies of these designs; 2) Studies that investigated the associations between physical activity, sedentary behaviour, weight  change, body mass index (BMI), waist and hip circumferences, and waist-to-hip ratio in adulthood (aged 18 years or more, as often defined in the studies) and the risk of pre- and postmenopausal breast cancer, overall and by oestrogen receptor (ER) and/or progesterone receptor (PR)-defined subtypes; and 3) Studies reporting  a measure of association (relative risk (RR), hazard ratio (HR), or odds ratio (OR)), with the corresponding measure of variability (95% confidence interval or P-value).
Because the number of observational cohort studies has increased in time, the WCRF Expert Panel has decided to not include case-control studies as is indicated in the 2007 protocol. The protocol is also amended to include in the meta-analysis pooled analyses of the above study designs. Pooled analyses that combined case-control with cohort studies were excluded [2, 3]. 
The publication with more number of cases was selected from multiple publications of the same study or studies of overlapping populations, in accordance with other published systematic reviews [4-7].  
Data extraction
Study characteristics (first author, publication year, study location, design, name, size, length and loss of follow-up), characteristics of the participants (age, special characteristic, race or ethnicity, menopausal status, postmenopausal hormone use), exposure factors (timing, quantity, assessment method) and breast cancer outcomes, numbers of cases and non-cases or population at risk per exposure category, relative risk estimates (RR) with their 95% confidence intervals (CI) or P-values, and covariate adjustment in the analysis were extracted and stored in the CUP database together with the data extracted for the reviews in the Expert Reports [1, 8]. 
Breast cancer outcomes evaluated were pre- and postmenopausal breast cancer, overall and by hormone-receptor subtypes (singly or jointly defined by ER/PR expression), for which the results were pooled in separate meta-analyses using the statuses as classified in the studies. 
A random 10% or more of the work was checked by a second reviewer. Non-systematic mistakes were detected and feedback to the reviewer for corrections. 
Due to limited resources, authors of the original studies were not contacted for missing values required for meta-analyses.
Study quality evaluation
A non-validated study quality assessment tool was devised for the present review based on the Newcastle and Ottawa scale [9].
Each included study was assessed for the aspects of ascertainment of exposure, confounding factors adjustment, adequacy of follow-up of cohorts, and number of breast cancer cases. The classification of pre- and postmenopausal breast cancer was also evaluated. Studies of long follow-up may risk misclassifying postmenopausal as premenopausal breast cancer if baseline information is used to define the status, which may affect estimation of the associated risk. 
Table S1, available online as supplementary material shows the scoring criteria.
Statistical methods
The primary analysis was linear dose-response meta-analysis, conducted when at least three studies reporting the required information on an association. A summary RR was calculated using a random-effects model, which allows for possible variations of associations across the studies [10]. 
The procedures to pool the relative risk estimates across studies in the present review were in accordance with other published meta-analyses [4-7]. This involved the pooling of dose-response estimates that were either directly reported in the studies or calculated by us for the studies reporting RR estimates for at least three exposure levels using the generalised weighted least-squares regression model [11, 12]. Increments used in the meta-analyses were chosen as commonly used in the studies. 
To estimate a dose-response trend from categorical data, numbers of cases and non-cases or population at risk and exposure values per category are needed. If the required information was not available, standard methods were used to impute these [13, 14]; if this could not be done, the study was excluded from the meta-analysis (insufficient data). Midpoints were calculated if means or medians per exposure category were not provided. Open-ended categories were assumed to have the same width as the adjacent category. 
The exposure factors evaluated were physical activity (total, recreational, vigorous, and occupational physical activity; walking), sedentary behaviour (sitting), weight change (loss and gain), and body adiposity (BMI, waist and hip circumferences, and waist-to-hip ratio) during adult life course. Underweight women (BMI <18.5 kg/m2), if categorised separately by the studies, were excluded from the linear dose-response meta-analysis of BMI, as to avoid possible impact on the risk estimation from these women [15]. For weight change studies, the midpoint of the reference category that ranged between ±3 kg was set as zero to represent a stable weight [16]. 
For physical activity and weight loss, because the required data for dose-response trend estimation were not reported in most studies, random-effects categorical meta-analyses that compared the highest with the lowest level were also conducted. For the studies that reported results for more than one weight loss category, results for the different categories were first combined into one category using the Hamling’s method [17], before pooling with the other studies in the meta-analysis that compared overall weight loss versus reference weight. The method takes into account the non-independence of the RR estimates for the categorical comparison in a study because of a common reference group.
When only RR estimates by postmenopausal hormone use or subgroups other than pre- and postmenopausal breast cancers were reported, these were first combined using a fixed-effect model to give an overall study estimate before pooling with other studies. Multivariate adjusted estimates were selected for the meta-analyses. 
Between-study heterogeneity was assessed by the Cochran Q test, and I2 statistic [18], and potential heterogeneity sources were explored by subgroup meta-analyses and univariate meta-regression analyses [19]. The factors investigated were: study location, length of follow-up, and individual aspects of risk of bias (Table S1). Low heterogeneity might account for less than 30 per cent of the variability in point estimates, and high heterogeneity for substantially more than 50 per cent. 
Further meta-analyses were conducted by adjustment for other covariates (physical activity, BMI, and weight gain when not analysed as the dependent variable), BMI subgroups, as well as restricting to mammography or cancer screening studies (women with obesity may be less likely to attend mammography screening and subject to detection bias [20]) and invasive breast cancer studies. In these meta-analyses, total number of studies per subgroup could be lower than three. 
Small study bias such as publication bias was assessed by Egger’s test and visual inspection of the funnel plots when there were more than ten studies [21]. Influence analysis was conducted by omitting each study in turn from the meta-analysis.
Non-linear dose-response meta-analysis was conducted to explore the shape of the association when there were five or more studies with at least four exposure categories, using restricted cubic spline regression with three knots placed at the 10th, 50th, and 90th percentile of the distribution of the exposure [22, 23]. The choice of the knots is to account for a wider exposure range while minimising any potential impact from the outliers in the tails. The difference between the linear and non-linear models was tested using a likelihood ratio test. 
In non-linear analysis, underweight women were included in the analysis to allow full exploration of the association, with the lowermost boundary set as 16 kg/m2 for the first category (<18.5 kg/m2), rather than using the width of the second category (18.5 to 24.9 kg/m2). This gave a midpoint of 17.2 kg/m2, which is similar to the values reported in some studies [24-26]. The Hamling’s method was used to recalculate the relative RR estimates when the first category was not used as reference [17].
A two-tailed P-value of <0.05 was considered as statistical significant in the analyses, except for the generally low-powered Egger’s test [21], where P-value of <0.10 was used as cut-point. Statistical package Stata 13.1 (StataCorp, College Station, TX, USA) was used. 
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