Central and peripheral adiposity and premenopausal breast cancer risk; a pooled cohort analysis of 440,179 women
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Supplementary Methods 
The collaboration
The Premenopausal Breast Cancer Collaborative Group is a collaboration of 22 prospective studies brought together to investigate the aetiology of breast cancer in premenopausal women and women under the age of 55 years. For the current paper, we used data from all studies (N=14 of 22) that had available information on premenopausal waist circumference at one or more time points. Individual-level data from baseline and follow-up questionnaire rounds were harmonised to a common template. All studies provided data for the full cohort of women recruited under the age of 55, except for the Canadian Study of Diet, Lifestyle and Health (CSDLH), which provided a case-cohort dataset.  Data were available for 1-16 questionnaire rounds per study. All studies had at least two rounds except the European Prospective Investigation into Cancer and Nutrition (EPIC) study and the Canadian Study of Diet, Lifestyle and Health (CSDLH) for which only the baseline questionnaire was available. 

Derivation of age at menopause and premenopausal follow-up time 
All cohorts provided information on menopausal status from one or more questionnaire rounds. Participants were asked whether they had had any menstrual periods during the previous 6 or 12 months, depending on the study, and/or whether they believed their periods had stopped permanently. 

All participants were premenopausal at the start of follow-up. Participants were asked about the age at their last period and the reason their periods stopped. We used this information to construct premenopausal follow-up time for analysis. Age at menopause was computed for each participant based on (i) reported age at menopause or, if age was missing, (ii) age first known to be postmenopausal if under age 50, (iii) age last known to be premenopausal if over age 50 or (iv) age 50 if no information was provided. When a hysterectomy was reported as the reason for menopause it was classified as the start of menopause, being a conservative approach to estimation of premenopausal follow-up time. Since women with breast cancer often become postmenopausal due to their treatment and breast cancers diagnosed in the year of their menopause could be considered aetiologically premenopausal, the year during which women reported that they had become postmenopausal was analysed as premenopausal follow-up time. 

Derivation of exposure variables
Information on ‘current’ waist and hip circumference was reported at recruitment and/or follow-up questionnaires. Analyses were based on the first available waist circumference. For hip circumference, we also used this time point because hip circumference had virtually always been collected concurrently with waist circumference, and not on its own. To adjust for or stratify models by BMI, we initially derived BMI from available weights provided at the same time point as the waist circumference. In the California Teachers Study, however, weight had been assessed 2-3 years prior to assessment of waist/hip, and therefore concurrent weights were not available. Concurrent weight was also missing for small proportions of participants in other cohorts who did not report weight on their questionnaire. We therefore constructed a further BMI variable that was based on concurrent weight and, if missing, weight reported up to three integer ages earlier (as age at questionnaire was usually provided in integer ages). We used the latter variable to adjust analyses for BMI but tested the implications of ‘carrying forward’ weight from previous questionnaires in a sensitivity analysis. Height was usually reported only on the recruitment questionnaire and was carried forward throughout follow-up. We recoded the following extreme values to missing: height (<100 or >195cm), weight (<30, >200kg), BMI (<15, >49 kg/m2), waist circumference (<50, >160 cm), hip circumference (<50, >180 cm), waist-to-hip ratio (<0.4, >1.5), waist-to-height ratio (<0.2, >1.0). In the main analyses, we analysed these metrics in 10 categories of increments of 5cm for waist and hip circumference and increments of 0.025 for waist-to-hip and waist-to-height ratios. Cut-points were chosen based on the distribution of the earliest provided value of the anthropometric measure so that the 4th category included the median of the distribution for that variable and the 7th category approximately represented WHO guidelines for obesity, where applicable (1). In analyses stratified by other breast cancer risk factors or by tumour type, we collapsed the variables into four categories, by 10 cm for waist and hip circumference and by 0.05 increase for waist-to-hip and waist-to-height ratios, with the upper category approximately representing the WHO guidelines.

Information on breast cancer characteristics
The main analytical endpoint was invasive or in-situ breast cancer diagnosed before menopause. We conducted separate analyses by invasiveness of breast cancer (in situ vs invasive), oestrogen (ER)-receptor status (positive vs. negative), combined ER-receptor and progesterone (PR)-receptor status, and by clinicopathological surrogate definitions of luminal A and luminal B-like intrinsic breast cancer subtypes(2). Twelve studies provided information on in situ and invasive breast cancer and two studies (CSDLH and HUNT2) provided only information on invasive breast cancer. Immunohistochemistry data on ER status was available for 12 studies and data on all of ER and PR status and Human epidermal growth factor receptor-2 (HER2) oncogene expression were available for 10 studies.  Given the absence of data on the proliferation marker Ki-67, we adapted clinicopathological surrogate definitions of luminal A and luminal B-like intrinsic breast cancer subtypes proposed by the St Gallen Expert Consensus (2). We classified all ER+PR+HER2- breast cancer as luminal A-like; ER+PR-HER2- and ER-PR+HER2- as luminal B-like HER2 negative; [ER+/PR+]HER2+ to luminal B-like HER2 positive; ER+PR- and ER-PR+ with HER2 status unknown as luminal B unclassified; ER+ or PR+ with other markers unknown as unclassified luminal; ER-PR-HER2- as triple-negative; ER-PR-HER2+ as HER2 enriched; and ER- with PR unknown or PR- with ER unknown regardless of HER2 status as unclassified.  

Statistical methods
Hazard ratios (HR) as estimates of relative risk of breast cancer were obtained from Cox proportional hazards models (3) with age as the underlying time-scale. All analyses were conducted using Stata 14.2 software (4). We first conducted two-stage analyses where study-specific hazard ratios were derived and pooled with meta-analysis techniques (5). We then conducted analyses on the pooled dataset, adjusted for cohort. In multivariable-adjusted models we additionally adjusted for year of birth (<1930, 1930-9, 1940-9, 1950-9, 1960-9, 1970-9, ³1980), age at menarche (continuous, not known), age at first birth (continuous, not known, not parous), time since last birth (<5, 5-9, 10-14, 15-19, 20-24, 25-29, ³30 years, nulliparous or parous but not known), parity (continuous, not known, not parous) and adult height (in cms, continuous, not known). In models additionally adjusted for BMI, we fitted BMI at this age as a continuous variable. For each of the variables that were fitted as a continuous variable, we also fitted a dummy variable to indicate whether this variable was missing so that we could keep all subjects in the model.  Covariate information for all pregnancy-related variables and family history of breast cancer was time-updated, where possible.  Cohort studies (or sub-studies for EPIC) with fewer than 10 cases for an exposure variable of interest were excluded from the model due to the difficulty in fitting models with very small numbers in cells. Linear trend tests were conducted based on continuous data. 

In order to include the case-cohort study (CSDLH) in the pooled data set, we included Barlow weights (6) for CSDLH corresponding to a sampling fraction of 5.0 percent as an off-set in the model. We also applied Barlow weights with a sampling fraction of (effectively) 1.0 to all other cohorts using the ‘stcasecoh’ command in Stata 14.2 software (4), which did not affect the results for those cohorts, but facilitated ease of obtaining results from a single pooled dataset. 
Effect modification of the associations of adiposity variables with premenopausal breast cancer was examined by cohort study, examiner-measured waist and hip circumference versus self-reported, birth cohort <1950 versus ≥ 1950, age at adiposity, age at follow-up, parity/nulliparity, breastfeeding status (among parous women), race and ethnicity, family history of breast cancer, and mammography screening (ever/never) was evaluated with log likelihood ratio tests (7). The proportional hazards assumption of the Cox regression model was checked by visual inspection of the hazard function and by fitting an interaction of exposures with age category of follow-up. 

We conducted sensitivity analyses by:  excluding subjects whose BMI was carried forward from a previous round if BMI at the time of waist circumference assessment was missing; adjusting analyses for BMI at ages 18-24 years instead of concurrent BMI; restricting follow-up time from participants who did not have a self-reported age at menopause (for whom age at menopause was imputed as 55 years); and adjusting, in separate models, for each of alcohol consumption, cigarette smoking, physical activity, family history of breast cancer, history of mammographic screening and race and ethnicity. For HUNT2, E3N and EPIC, ethnicity was missing, and we assumed all subjects were Caucasian. 

We estimated separate risk-factor associations by breast cancer type-specific outcomes with an augmentation method, in which HRs are obtained from a single model stratified on outcome type derived from a dataset in which records are repeated for each outcome (8). In augmentation models adjusting for BMI, we allowed for breast cancer-type specific hazards ratios for BMI given that the association of risk with BMI was previously found to be dependent on subtype (9). Potential differences between breast cancer subtype-specific HRs were tested with a Wald test. Breast cancer subtype-specific HRs were compared with those obtained from fitting individual models for each subtype and results were found to be similar.


Table S1: Characteristics of women included in the analyses, by first available waist circumference

	
	Waist circumference, cm
	

	Factor(a)
	50-69
	70-79
	80-89
	³90
	Overall

	
	
	
	
	
	

	
	Mean
	Mean
	Mean
	Mean
	Mean

	
	
	
	
	
	

	Age at first available waist circumference, yrs
	39.7
	41.3
	42.1
	42.4
	41.3

	Waist circumference, cm
	66.0
	74.4
	84.0
	99.4
	78.5

	Hip circumference, cm
	91.0
	96.5
	103.2
	115.2
	99.6

	Waist-to-hip ratio
	0.73
	0.77
	0.82
	0.87
	0.79

	Waist-to-height ratio
	0.41
	0.45
	0.51
	0.60
	0.48

	Weight, kg
	55.4
	62.1
	71.0
	87.7
	66.5

	BMI, kg/m2
	20.9
	23.1
	26.3
	32.2
	24.7

	Height, cm
	162.9
	164.1
	164.5
	165.0
	164.0

	
	
	
	
	
	

	Age at menarche, yrs
	13.0
	12.9
	12.7
	12.4
	12.8

	Age at first birth, yrs 
	25.8
	25.8
	25.5
	25.2
	25.7

	Number of births 
	2.0
	2.0
	2.1
	2.3
	2.1

	
	
	
	
	
	

	
	
	
	
	
	

	Ever parous
	%
	%
	%
	%
	%

	No
	22.1
	17.1
	15.9
	18.9
	18.2

	Yes
	77.9
	82.9
	84.1
	81.1
	81.8

	
	
	
	
	
	

	Race and ethnicity 
	
	
	
	
	

	White
	81.0
	81.5
	80.0
	80.3
	80.9

	Black
	9.2
	7.2
	10.8
	15.7
	9.8

	Asian
	8.9
	10.4
	8.1
	2.6
	8.4

	Other 
	0.9
	0.9
	1.1
	1.4
	1.0

	
	
	
	
	
	

	Continent of residence 
	
	
	
	
	

	North America
	42.1
	34.8
	40.7
	54.9
	40.8

	Europe
	47.7
	53.8
	50.1
	41.4
	49.7

	Asia
	7.9
	9.7
	7.5
	2.2
	7.7

	Australia 
	2.3
	1.8
	1.7
	1.4
	1.8

	
	
	
	
	
	

	All participants 
	98395
	176665
	97871
	67248
	440179

	
	
	
	
	
	


(a) Percentages among those with known values of the factor only


Table S2: Correlations between central/peripheral adiposity measures and BMI
	
Age at measure, yrs
	
Measure
	Waist circumference
	Hip circumference
	Waist-to-hip ratio
	Waist-to-height ratio
	Weight
	Body mass index

	
	
	
	
	
	
	
	

	All ages 
	
	
	
	
	
	
	

	
	Hip circumference
	0.80
	
	
	
	
	

	
	Waist-to-hip ratio
	0.67
	0.10
	
	
	
	

	
	Waist-to-height ratio
	0.96
	0.74
	0.67
	
	
	

	
	Weight
	0.82
	0.84
	0.32
	0.71
	
	

	
	Body mass index
	0.82
	0.82
	0.36
	0.83
	0.91
	

	
	Height
	0.11
	0.18
	-0.04
	-0.17
	0.34
	-0.06

	18-34 years
	
	
	
	
	
	
	

	
	Hip circumference
	0.75
	
	
	
	
	

	
	Waist-to-hip ratio
	0.61
	-0.04
	
	
	
	

	
	Waist-to-height ratio
	0.96
	0.70
	0.62
	
	
	

	
	Weight
	0.79
	0.80
	0.27
	0.70
	
	

	
	Body mass index
	0.79
	0.77
	0.30
	0.81
	0.92
	

	
	Height
	0.11
	0.17
	-0.03
	-0.16
	0.32
	-0.07

	35-44 years
	
	
	
	
	
	
	

	
	Hip circumference
	0.80
	
	
	
	
	

	
	Waist-to-hip ratio
	0.68
	0.11
	
	
	
	

	
	Waist-to-height ratio
	0.96
	0.73
	0.68
	
	
	

	
	Weight
	0.82
	0.85
	0.33
	0.72
	
	

	
	Body mass index
	0.82
	0.82
	0.36
	0.83
	0.92
	

	
	Height
	0.13
	0.20
	-0.03
	-0.15
	0.35
	-0.05

	45-54 years
	
	
	
	
	
	
	

	
	Hip circumference
	0.82
	
	
	
	
	

	
	Waist-to-hip ratio
	0.69
	0.17
	
	
	
	

	
	Waist-to-height ratio
	0.96
	0.77
	0.70
	
	
	

	
	Weight
	0.83
	0.87
	0.35
	0.73
	
	

	
	Body mass index
	0.83
	0.84
	0.39
	0.85
	0.92
	

	
	Height
	0.13
	0.21
	-0.03
	-0.14
	0.35
	-0.04

	
	
	
	
	
	
	
	






Table S3: Hazard ratios for premenopausal breast cancer in relation to standard deviations of waist-for-BMI and hip-for-BMI residuals  
	
	
	Model

	Number of Standard Deviations 
from mean (a)
	No. of cases
	Multivariable-adjusted(b)
	Multivariable-adjusted
plus body mass index (c)

	
	
	HR(95% CI)
	HR(95% CI)

	Waist-for-BMI, SD
	
	
	
	

	
	
	
	
	

	
	≥-3 
	137
	0.96 (0.81-1.15)
	1.10 (0.92-1.32)

	
	≥-2 
	700
	0.99 (0.90-1.08)
	1.01 (0.93-1.11)

	
	≥-1 
	2739
	1.06 (1.00-1.13)
	1.05 (0.99-1.11)

	
	0
	2286
	1.00 (ref)
	1.00 (ref)

	
	≥1 
	727
	1.02 (0.94-1.11)
	1.06 (0.97-1.15)

	
	≥2 
	142
	0.85 (0.71-1.00)
	0.92 (0.77-1.09)

	
	≥3 
	48
	0.89 (0.67-1.18)
	0.99 (0.74-1.32)

	
	Linear trend per 1 SD
	6779
	0.99 (0.97-1.02)
	1.00 (0.97-1.02)

	
	
	
	
	

	
	
	
	
	

	Hip-for-BMI, SD
	
	
	
	

	
	≥-3 
	164
	1.09 (0.92-1.28)
	1.17 (0.99-1.38)

	
	≥-2 
	527
	0.98 (0.89-1.08)
	0.99 (0.90-1.10)

	
	≥-1 
	2370
	1.00 (0.94-1.06)
	0.99 (0.94-1.05)

	
	0
	2783
	1.00 (ref)
	1.00 (ref)

	
	≥1 
	770
	0.99 (0.91-1.07)
	1.03 (0.95-1.12)

	
	≥2 
	109
	0.97 (0.80-1.18)
	1.10 (0.90-1.34)

	
	≥3 
	19
	0.62 (0.40-0.98)
	0.72 (0.46-1.14)

	
	
Linear trend per 1 SD
	6742
	0.99 (0.96-1.02)
	1.00 (0.97-1.03)

	
	
	
	
	


Abbreviations: BMI, body mass index; CI, confidence interval; HR, hazard ratio; SD, standard deviation
(a) Number of standard deviations from mean of BMI-adjusted waist/hip circumference 
(b) Adjusted for study centre, attained age, birth cohort, age at menarche, age at first birth, number of births, time since last birth and adult height 
(c) Adjusted for covariates in (b) plus BMI at the time of the waist circumference (see Supplementary Methods)
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Table S4: Hazard ratios for premenopausal breast cancer in relation to central/peripheral adiposity measures, by age at measure 
	Measure and model (a)
	Age at mea-sure
	Category     1
	Category 2
	Category 3
	Category 4
	Linear trend

	
	
	No. cases
	HR (95% CI)
	No. cases
	HR 
	No. cases
	HR (95% CI)
	No. cases
	HR (95% CI)
	p-inter-action
	No. cases
	HR (95% CI)
	p-inter-action

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Waist circumference, cm
	50-69
	70-79 
	80-89
	≥90
	Per 10 cm

	
	18-34
	406
	1.04 (0.90-1.19)
	486
	1.00
	234
	1.09 (0.93-1.27)
	134
	1.04 (0.84-1.27)
	0.22
	1260
	1.01 (0.95-1.08)
	0.17

	
	35-44
	948
	0.98 (0.90-1.07)
	1584
	1.00
	789
	0.99 (0.90-1.08)
	456
	0.91 (0.80-1.04)
	
	3777
	0.98 (0.93-1.02)
	

	
	45-54
	359
	0.93 (0.82-1.06)
	733
	1.00
	370
	0.93 (0.82-1.06)
	280
	1.08 (0.92-1.27)
	
	1742
	1.02 (0.97-1.08)
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Hip circumference, cm
	50-89
	90-99
	100-109
	≥110
	Per 10 cm

	
	18-34
	240
	1.12 (0.96-1.30)
	577
	1.00
	305
	1.09 (0.95-1.26)
	119
	0.98 (0.79-1.22)
	0.20
	1241
	0.98 (0.92-1.05)
	0.32

	
	35-44
	456
	0.97 (0.87-1.07)
	1822
	1.00
	1034
	0.99 (0.91-1.07)
	452
	0.97 (0.85-1.11)
	
	3764
	0.98 (0.94-1.04)
	

	
	45-54
	181
	0.83 (0.71-0.98)
	812
	1.00
	501
	0.98 (0.87-1.10)
	243
	1.02 (0.86-1.21)
	
	1737
	1.03 (0.96-1.09)
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Waist-to-hip ratio
	0.40-0.74
	0.75-0.79
	0.80-0.84
	≥0.85
	Per 0.1 units

	
	18-34
	464
	0.98 (0.85-1.12)
	352
	1.00
	225
	1.10 (0.93-1.30)
	200
	1.14 (0.95-1.36)
	0.03
	1241
	1.07 (1.00-1.15)
	0.045

	
	35-44
	1377
	1.04 (0.96-1.12)
	1156
	1.00
	742
	1.01 (0.92-1.11)
	489
	0.91 (0.82-1.01)
	
	3764
	0.96 (0.92-1.01)
	

	
	45-54
	543
	1.06 (0.94-1.20)
	535
	1.00
	365
	0.97 (0.85-1.11)
	294
	1.13 (0.97-1.30)
	
	1737
	1.01 (0.93-1.08)
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Waist-to-height ratio
	0.200-0.424
	0.425-0.474
	0.0.475-0.524
	≥0.525
	Per 0.1 units

	
	18-34
	436
	0.94 (0.82-1.07)
	428
	1.00
	221
	0.99 (0.84-1.17)
	175
	1.04 (0.86-1.26)
	0.10
	1260
	1.02 (0.92-1.13)
	0.20

	
	35-44
	1010
	1.01 (0.93-1.10)
	1318
	1.00
	805
	1.01 (0.93-1.11)
	644
	0.97 (0.87-1.09)
	
	3777
	0.96 (0.89-1.03)
	

	
	45-54
	338
	0.85 (0.74-0.97)
	652
	1.00
	372
	0.87 (0.77-0.99)
	380
	1.02 (0.89-1.18)
	
	1742
	1.03 (0.94-1.12)
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	


Abbreviations: BMI, body mass index; CI, confidence interval; HR, hazard ratio
(a) Adjusted for study centre, attained age, birth cohort, age at menarche, age at first birth, number of births, time since last birth, adult height and BMI at the time of the waist circumference (see Supplementary Methods)


Table S5: Hazard ratios for premenopausal breast cancer in relation to waist and hip circumference, by race/ethnicity 
	Measure and model (a)
	Group
	Category     1
	Category 2
	Category 3
	Category 4
	Linear trend

	
	
	No. cases
	HR (95% CI)
	No. cases
	HR 
	No. cases
	HR (95% CI)
	No. cases
	HR (95% CI)
	p-inter-action
	No. cases
	HR (95% CI)
	p-inter-action

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Waist circumference, cm
	50-69
	70-79 
	80-89
	≥90
	Per 10 cm

	
	White
	1410
	0.97 (0.90-1.04)
	2371
	1.00 (ref)
	1111
	0.97 (0.90-1.05)
	652
	0.95 (0.85-1.07)
	
	5544
	0.99 (0.95-1.03)
	

	
	Black
	180
	0.98 (0.81-1.20)
	247
	1.00 (ref)
	201
	1.09 (0.90-1.31)
	175
	1.10 (0.89-1.36)
	
	803
	1.03 (0.96-1.09)
	

	
	Asian
	89
	1.14 (0.87-1.49)
	137
	1.00 (ref)
	49
	0.93 (0.67-1.29)
	12
	1.06 (0.58-1.92)
	0.60
	287
	0.97 (0.83-1.13)
	0.43

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Hip circumference, cm
	50-89
	90-99
	100-109
	≥110
	Per 10 cm

	
	White
	654
	0.95 (0.87-1.04)
	2731
	1.00 (ref)
	1540
	1.00 (0.93-1.08)
	600
	0.96 (0.85-1.09)
	
	5525
	0.99 (0.94-1.04)
	

	
	Black
	136
	1.15 (0.93-1.42)
	255
	1.00 (ref)
	209
	1.01 (0.84-1.22)
	185
	1.15 (0.94-1.42)
	
	785
	1.00 (0.94-1.07)
	

	
	Asian
	71
	0.83 (0.63-1.10)
	166
	1.00 (ref)
	46
	1.02 (0.74-1.42)
	4
	0.71 (0.26-1.91)
	0.32
	287
	1.03 (0.87-1.23)
	0.84

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Waist-to-hip ratio
	0.40-0.74
	0.75-0.79
	0.80-0.84
	≥0.85
	Per 0.1 units

	
	White
	2010
	1.05 (0.98-1.12)
	1699
	1.00 (ref)
	1087
	1.01 (0.94-1.10)
	729
	1.00 (0.91-1.10)
	
	5525
	0.98 (0.94-1.03)
	

	
	Black
	272
	0.91 (0.76-1.09)
	190
	1.00 (ref)
	139
	1.06 (0.85-1.31)
	184
	0.98 (0.80-1.20)
	
	785
	1.06 (0.98-1.15)
	

	
	Asian
	52
	0.98 (0.70-1.35)
	118
	1.00 (ref)
	78
	0.88 (0.66-1.17)
	39
	0.94 (0.65-1.35)
	0.60
	287
	0.88 (0.71-1.10)
	0.12

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Waist-to-height ratio
	0.20-0.424
	0.425-0.474
	0.0.475-0.524
	≥0.525
	Per 0.1 units

	
	White
	1512
	0.96 (0.90-1.03)
	2013
	1.00 (ref)
	1099
	0.96 (0.89-1.03)
	920
	1.00 (0.90-1.10)
	
	5544
	0.97 (0.91-1.04)
	

	
	Black
	183
	0.86 (0.70-1.04)
	215
	1.00 (ref)
	193
	1.08 (0.89-1.31)
	212
	1.06 (0.86-1.30)
	
	803
	1.06 (0.95-1.17)
	

	
	Asian
	58
	0.95 (0.70-1.30)
	128
	1.00 (ref)
	74
	0.92 (0.69-1.23)
	27
	0.80 (0.52-1.21)
	0.37
	287
	0.92 (0.72-1.18)
	0.23

	
	
	
	
	
	
	
	
	
	
	
	
	
	


Abbreviations: BMI, body mass index; CI, confidence interval; HR, hazard ratio
(a) Adjusted for study centre, attained age, birth cohort, age at menarche, age at first birth, number of births, time since last birth, adult height and BMI at the time of the waist circumference (see Supplementary Methods)



Table S6: Sensitivity analyses: (i) Main analyses (ii) Analyses restricted to subjects with only concurrent BMI available (iii) Analyses adjusted for BMI at age 18-24 instead of concurrent BMI (and restricted to this subset) (iv) Analyses restricted to only known, not assumed, premenopausal follow-up time

	

	Main results
	
	Restricted to subjects with only concurrent BMI available
	
	Adjusted for BMI at age 18-24 (and restricted to individuals with BMI at this age available)
	
	Restricted to only known, not assumed, premenopausal follow-up time


	


	
	
	
	
	
	
	
	
	
	
	

	
	No. of cases
	HR (95% CI)(a)
	
	No. of cases
	HR (95% CI)(b)
	
	No. of cases
	HR (95% CI)(c)
	
	No. of cases
	HR (95% CI)(d)

	
	
	
	
	
	
	
	
	
	
	
	

	Waist circumference, cm
	
	
	
	
	
	
	
	
	
	
	

	50-64
	518
	1.00 (0.89-1.12)
	
	453
	0.96 (0.85-1.08)
	
	374
	1.03 (0.91-1.16)
	
	245
	0.93 (0.79-1.10)

	65-69
	1195
	0.95 (0.87-1.03)
	
	1086
	0.93 (0.85-1.02)
	
	907
	0.99 (0.90-1.09)
	
	600
	0.94 (0.83-1.06)

	70-74
	1579
	0.97 (0.89-1.04)
	
	1485
	0.97 (0.90-1.05)
	
	1161
	0.96 (0.88-1.05)
	
	767
	0.94 (0.85-1.05)

	75-79
	1224
	1.00 (ref)
	
	1158
	1.00 (ref)
	
	909
	1.00 (ref)
	
	601
	1.00 (ref)

	80-84
	873
	0.98 (0.90-1.08)
	
	829
	0.99 (0.90-1.08)
	
	639
	0.94 (0.85-1.04)
	
	409
	0.95 (0.83-1.08)

	85-89
	520
	0.93 (0.84-1.04)
	
	494
	0.94 (0.84-1.05)
	
	407
	0.92 (0.82-1.03)
	
	269
	0.99 (0.85-1.15)

	90-94
	341
	0.95 (0.83-1.08)
	
	327
	0.97 (0.85-1.11)
	
	266
	0.92 (0.80-1.05)
	
	156
	0.90 (0.74-1.09)

	95-99
	221
	0.95 (0.81-1.11)
	
	207
	0.94 (0.80-1.11)
	
	178
	0.91 (0.78-1.07)
	
	107
	0.97 (0.77-1.22)

	100-104
	139
	1.02 (0.83-1.24)
	
	134
	1.05 (0.86-1.28)
	
	98
	0.84 (0.68-1.04)
	
	63
	0.92 (0.69-1.23)

	≥105
	169
	0.92 (0.75-1.13)
	
	157
	0.93 (0.75-1.15)
	
	136
	0.83 (0.69-1.00)
	
	89
	0.91 (0.68-1.22)

	Linear trend per 10 cm
	6779
	0.99 (0.95-1.03)
	
	6330
	1.00 (0.96-1.05)
	
	5075
	0.97 (0.94-0.99)
	
	3306
	1.00 (0.95-1.06)

	
	
	
	
	
	
	
	
	
	
	
	

	Hip circumference, cm
	
	
	
	
	
	
	
	
	
	
	

	50-84
	240
	1.08 (0.93-1.24)
	
	216
	1.04 (0.90-1.21)
	
	173
	1.15 (0.98-1.36)
	
	113
	1.09 (0.89-1.34)

	85-89
	637
	0.95 (0.86-1.04)
	
	580
	0.93 (0.84-1.03)
	
	470
	0.99 (0.89-1.11)
	
	302
	0.85 (0.74-0.98)

	90-94
	1591
	1.02 (0.95-1.10)
	
	1478
	1.02 (0.95-1.10)
	
	1219
	1.07 (0.98-1.16)
	
	773
	0.97 (0.88-1.08)

	95-99
	1620
	1.00 (ref)
	
	1520
	1.00 (ref)
	
	1207
	1.00 (ref)
	
	840
	1.00 (ref)

	100-104
	1182
	1.03 (0.95-1.11)
	
	1102
	1.02 (0.94-1.10)
	
	861
	1.00 (0.92-1.10)
	
	548
	0.97 (0.86-1.08)

	105-109
	658
	0.98 (0.89-1.09)
	
	620
	0.98 (0.89-1.09)
	
	503
	0.97 (0.87-1.08)
	
	333
	1.02 (0.89-1.18)

	110-114
	342
	0.94 (0.82-1.07)
	
	328
	0.96 (0.83-1.10)
	
	253
	0.86 (0.75-0.99)
	
	160
	0.90 (0.74-1.10)

	115-119
	214
	1.12 (0.95-1.33)
	
	206
	1.15 (0.97-1.38)
	
	153
	0.99 (0.83-1.17)
	
	109
	1.17 (0.92-1.50)

	120-124
	102
	0.90 (0.71-1.13)
	
	96
	0.91 (0.71-1.15)
	
	81
	0.83 (0.66-1.04)
	
	41
	0.72 (0.50-1.03)

	≥125
	156
	1.05 (0.84-1.32)
	
	147
	1.08 (0.85-1.37)
	
	126
	0.92 (0.76-1.12)
	
	76
	1.00 (0.71-1.42)

	Linear trend per 10 cm
	6742
	0.99 (0.95-1.04)
	
	6293
	1.00 (0.96-1.05)
	
	5046
	0.96 (0.93-0.99)
	
	3295
	1.00 (0.93-1.08)

	
	
	
	
	
	
	
	
	
	
	
	

	Waist-to-hip ratio
	
	
	
	
	
	
	
	
	
	
	

	0.40-0.69
	1328
	0.97 (0.89-1.06)
	
	1208
	0.94 (0.86-1.03)
	
	975
	0.98 (0.89-1.08)
	
	636
	0.94 (0.83-1.06)

	0.70-
	1056
	1.05 (0.96-1.15)
	
	973
	1.04 (0.95-1.13)
	
	801
	1.06 (0.96-1.18)
	
	533
	1.03 (0.91-1.17)

	0.725-
	1070
	0.96 (0.88-1.04)
	
	1006
	0.95 (0.87-1.04)
	
	778
	0.95 (0.86-1.05)
	
	519
	0.92 (0.81-1.04)

	0.750-
	973
	1.00 (ref)
	
	921
	1.00 (ref)
	
	715
	1.00 (ref)
	
	485
	1.00 (ref)

	0.775-
	782
	0.98 (0.89-1.08)
	
	727
	0.95 (0.86-1.05)
	
	586
	1.00 (0.90-1.12)
	
	364
	0.90 (0.79-1.03)

	0.800-
	550
	1.00 (0.90-1.11)
	
	522
	0.99 (0.89-1.10)
	
	412
	1.01 (0.89-1.14)
	
	267
	0.96 (0.82-1.11)

	0.825-
	387
	0.97 (0.86-1.09)
	
	366
	0.95 (0.84-1.07)
	
	296
	0.94 (0.82-1.08)
	
	207
	1.00 (0.85-1.18)

	0.850-
	252
	1.00 (0.87-1.16)
	
	239
	0.98 (0.85-1.14)
	
	198
	0.99 (0.84-1.16)
	
	127
	1.02 (0.83-1.24)

	0.875-
	158
	1.06 (0.89-1.26)
	
	155
	1.08 (0.91-1.28)
	
	131
	1.04 (0.86-1.26)
	
	79
	1.14 (0.90-1.45)

	≥0.900
	186
	0.95 (0.81-1.11)
	
	176
	0.93 (0.79-1.10)
	
	154
	0.88 (0.74-1.05)
	
	78
	0.89 (0.69-1.13)

	Linear trend per 0.1 units
	6742
	1.00 (0.96-1.03)
	
	6293
	1.00 (0.96-1.04)
	
	5046
	0.98 (0.94-1.02)
	
	3295
	1.00 (0.95-1.06)

	
	
	
	
	
	
	
	
	
	
	
	

	Waist-to-height ratio
	
	
	
	
	
	
	
	
	
	
	

	0.20-0.39
	709
	0.95 (0.86-1.05)
	
	623
	0.91 (0.81-1.01)
	
	523
	0.98 (0.88-1.10)
	
	316
	0.94 (0.81-1.10)

	0.400-
	1075
	0.98 (0.90-1.07)
	
	1000
	0.98 (0.89-1.07)
	
	826
	1.05 (0.95-1.16)
	
	526
	1.03 (0.90-1.16)

	0.425-
	1321
	1.02 (0.94-1.11)
	
	1236
	1.02 (0.94-1.11)
	
	973
	1.04 (0.95-1.15)
	
	688
	1.12 (1.00-1.26)

	0.450-
	1077
	1.00 (ref)
	
	1014
	1.00 (ref)
	
	790
	1.00 (ref)
	
	510
	1.00 (ref)

	0.475-
	789
	1.01 (0.92-1.11)
	
	748
	1.01 (0.92-1.11)
	
	583
	1.00 (0.90-1.12)
	
	400
	1.10 (0.96-1.26)

	0.500-
	609
	0.94 (0.85-1.04)
	
	571
	0.94 (0.84-1.04)
	
	467
	0.94 (0.83-1.05)
	
	282
	0.96 (0.83-1.12)

	0.525-
	407
	1.06 (0.94-1.19)
	
	389
	1.07 (0.94-1.21)
	
	312
	1.06 (0.93-1.21)
	
	205
	1.20 (1.01-1.42)

	0.550-
	272
	0.99 (0.86-1.15)
	
	254
	0.98 (0.85-1.14)
	
	200
	0.94 (0.81-1.10)
	
	121
	0.99 (0.80-1.22)

	0.575-
	168
	0.87 (0.73-1.04)
	
	160
	0.88 (0.73-1.05)
	
	127
	0.81 (0.67-0.98)
	
	83
	0.98 (0.76-1.26)

	≥0.600
	352
	1.00 (0.85-1.17)
	
	335
	1.02 (0.86-1.20)
	
	274
	0.92 (0.80-1.06)
	
	175
	1.05 (0.83-1.34)

	Linear trend per 0.1 units
	6779
	0.99 (0.92-1.05)
	
	6330
	1.00 (0.94-1.07)
	
	5075
	0.94 (0.90-0.99)
	
	3306
	1.00 (0.91-1.10)

	
	
	
	
	
	
	
	
	
	
	
	


Abbreviations: BMI, body mass index; CI, confidence interval; HR, hazard ratio
(a) Adjusted for study centre, attained age, birth cohort, age at menarche, age at first birth, number of births, time since last birth, adult height and concurrent BMI
(b) Adjusted for covariates in (a), but not carrying forward BMI from a previous questionnaire round when missing (see Supplementary Methods)
(c) Adjusted for BMI at age 18-24 instead of concurrent BMI
(d) Restricted to known premenopausal follow-up time only, i.e. without making assumptions for women for whom menopausal status and/or age is not known



Figure S1: Hazard ratios for premenopausal breast cancer in relation to central and peripheral adiposity from two-stage model, by cohort study

	(a) Waist circumference, trends per 10 cm


Not BMI-adjusted
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	         BMI-adjusted
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	(b) Hip circumference, trends per 10 cm

Not BMI-adjusted                                                                                                                   BMI-adjusted
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	(c) Waist-to-hip ratio, trends per 0.1 unit

   Not BMI-adjusted                                                                                                                     BMI-adjusted
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	(d) Waist-to-height ratio, trends per 0.1 unit 

    Not BMI-adjusted                                                                                                                       BMI-adjusted
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	Abbreviations: BMI, body mass index; CI, confidence interval; HR, hazard ratio
Covariate-adjusted models are adjusted for study centre, attained age, birth cohort, age at menarche, age at first birth, number of births, time since last birth and adult height. BMI-adjusted models are additionally adjusted for BMI at the time of the waist circumference (see Supplementary Methods)

Study acronyms: BWHS: Black Women’s Health Study; BGS: Breakthrough Generations Study; CTS: Californian Teachers Study; CSDLH: Canadian Study of Diet, Lifestyle, and Health; EPIC: European Prospective Study into Cancer and Nutrition; E3N: Etude Epidémiologique auprès de femmes de la Mutuelle Générale de l'Education Nationale; HUNT2:  MCC: Melbourne Collaborative Cohort Study; NHS1: Nurses’ Health Study 1; NHS2: Nurses’ Health Study 2; NYUWHS: New York University Women’s Health Study; SISTER: Sister Study; SMC: Swedish Mammography Cohort; SWHS: Shanghai Women’s Health Study; WLHS: Women’s Lifestyle and Health Study
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Overall  (I-squared = 32.1%, p = 0.118)
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Overall  (I-squared = 0.0%, p = 0.606)
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