Supplementary material for "Long-term exposure to fine particulate matter interacts with individual conditions to influence breast cancer incidence: A large Chinese cohort"
Definitions and Categorizations of Covariates
Basic Information were collected on age, sex, education, region, marital status, and household income. Education was categorized into two groups: below high school (including no formal schooling, primary school, and middle school) and high school or above. Household income was classified as either above 20,000 Chinese RMB per year or below 20,000 Chinese RMB per year. 
Lifestyle Factors Related to Breast Cancer include tobacco smoking, alcohol consumption, passive smoking, physical activity, family history of cancer, life satisfaction levels, and body mass index (BMI).
For tobacco smoking, participants were asked about the frequency, type, and amount of tobacco smoked per day. Former smokers were asked about the number of years since quitting and the reasons for quitting. Tobacco smoking was classified into four categories: never smokers, smoking quitters due to reasons other than illness, quitters due to illness, and current smokers (1–14, 15–24, or 25 or more cigarettes or equivalent per day).
For alcohol consumption, participants were asked about their typical drinking frequency, the type of alcoholic beverage habitually consumed, and the volume of alcohol consumed on a typical drinking day in the past 12 months. Alcohol consumption was categorized as: never regular or less than weekly drinkers, former weekly drinkers, weekly but not daily drinkers, and daily drinkers consuming <30, 30–59, or 60 g/day of pure alcohol.
Questions about physical activity included the usual type and duration of activities in occupational, commuting, domestic, and leisure contexts over the past 12 months. We calculated total physical activity levels, expressed in metabolic equivalent task (MET)-hours per day, by multiplying the hours spent on each activity per day by the corresponding physical intensity (MET) and then summing the MET-h/d for all activities. Daily energy expenditure was estimated by applying activity-specific MET values through a structured protocol: first, the self-reported duration (hours/day) of each activity was multiplied by its corresponding MET coefficient; then, these MET-hour products were summed across four domains—occupational activities, commuting, household tasks, and active leisure. For broad activity categories (e.g., ball sports), population-weighted mean MET values were derived by averaging relevant subcategories. Activities uncommon in the Chinese population (e.g., paddleball) were excluded. To mitigate bias from multiple entries describing similar activities, inverse frequency weighting was applied. For example, two MET codes (05030: moderate-intensity house cleaning; 05040: light-intensity cleaning tasks) were weighted equally (50% each) when calculating MET values for household chores. Sedentary behaviors were separately assessed as leisure-time hours without metabolic enhancement. Adjustments ensuring reported activity durations summed to 24 hours per day (including sleep) had minimal impact on primary outcomes [1, 2], reinforcing the reliability of our analytical approach. This methodological framework facilitated precise energy expenditure estimation while maintaining cultural relevance and preventing overrepresentation of specific activities through systematic weighting procedures.
For passive smoking, also referred to as second-hand smoking, we asked participants about their exposure in terms of hours per week and the number of years living with a smoker. Additionally, participants provided information about the number of years living in their current residence and up to two previous residences.
We inquired about cooking frequency for each residence, categorizing participants into three groups: daily, occasionally (those who cooked at home weekly or monthly), and never or rarely.
In evaluating life satisfaction, “satisfactory” corresponded to being "satisfied with life,” "moderate" aligned with being "neither satisfied nor unsatisfied,” and “unsatisfactory” corresponded to being "unsatisfied with life."
	
The full electronic questionnaire is available online at: https://www.ckbiobank.org/site/binaries/content/assets/resources/pdf/qs_baseline-final-from10june2004.pdf.
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Supplementary Table 1: Baseline Characteristics of Participants by Median of Average PM2.5 Concentrations from 2005 to 2017
	Characteristics
	Total population
(n = 281,152)
	Annual average concentration of PM2.5
	P

	
	
	< 53.55 μg/m3
(n = 140,437)
	≥ 53.55 μg/m3
(n = 140,437)
	

	Age, year, mean ± SD
	51.43 ± 10.49
	51.14 ± 10.59
	51.72 ± 10.38
	<0.001

	Region is urban, n (%)
	128364 (45.66)
	49984 (35.6)
	78380 (55.7)
	<0.001

	Highest education is high school or higher, n (%)
	51034 (18.15)
	22477 (16.0)
	28557 (20.3)
	<0.001

	Household income ≥ 20000 yuan/year, n (%)
	116251 (41.35)
	47615 (33.9)
	68636 (48.8)
	<0.001

	Marital status is married, n (%)
	250255 (89.01)
	124647 (88.8)
	125608 (89.3)
	<0.001

	Smoking status, n (%)
	
	
	
	0.033

	never smoker
	267320 (95.08)
	133579 (95.1)
	133741 (95.0)
	

	occasional smoker
	4991 (1.78)
	2554 (1.8)
	2437 (1.7)
	

	ex-regular smoker
	2341 (0.83)
	1135 (0.8)
	1206 (0.9)
	

	smoker
	6500 (2.31)
	3169 (2.3)
	3331 (2.4)
	

	Heavy alcohol consumer*, n (%)
	5561 (1.98)
	2547 (1.8)
	3014 (2.1)
	<0.001

	Cooking frequency, n (%)
	
	
	
	<0.001

	daily
	236035 (83.95)
	119193 (84.9)
	116842 (83.0)
	

	occasionally
	27392 (9.74)
	13560 (9.7)
	13832 (9.8)
	

	never or rarely
	17725 (6.3)
	7684 (5.5)
	10041 (7.1)
	

	Ever lived with smoker, n (%)
	235836 (83.88)
	116782 (83.2)
	119054 (84.6)
	<0.001

	Satisfaction level of life, n (%)
	
	
	
	<0.001

	satisfactory
	190773 (67.85)
	93330 (66.5)
	97443 (69.2)
	

	moderate
	79401 (28.24)
	42420 (30.2)
	36981 (26.3)
	

	unsatisfactory
	10978 (3.9)
	4687 (3.3)
	6291 (4.5)
	

	Mother cancer, n (%)
	25214 (8.97)
	7819 (5.6)
	17395 (12.4)
	<0.001

	Father cancer, n (%)
	15946 (5.67)
	5018 (3.6)
	10928 (7.8)
	<0.001

	Mother or father cancer, n (%)
	38405 (13.66)
	12222 (8.7)
	26183 (18.6)
	<0.001

	Total physical activity, MET-h/d**, mean ± SD
	20.36 ± 12.66
	21.24 ± 12.32
	19.48 ± 12.93
	<0.001

	BMI, kg/m2, mean ± SD
	23.83 ± 3.46
	23.27 ± 3.29
	24.38 ± 3.54
	<0.001

	Annual average concentration of PM2.5, μg/m3, mean ± SD
	52.00 ± 10.95
	44.04 ± 8.60
	59.94 ± 6.27
	<0.001

	Breast cancer, n (%)
	2393 (0.85)
	1081 (0.8)
	1312 (0.9)
	<0.001


* Heavy alcohol consumer is defined as someone who drinks alcohol usually at least once a week
** MET-h/d: metabolic equivalent of task - hours per day.


Supplementary Table 2: AIC Values for RCS Models with Different Knots
	Knot
	AIC

	3
	58771.99

	4
	58729.51

	5
	58730.38

	6
	58562.66

	7
	58182.07

	8
	57983.4

	9
	57877.68

	10
	57874.8




Supplementary Figure 1: 4-Knot (A) and 5-Knot (B) RCS Models
    [image: ]
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