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Abstract

Laboratory studies have observed chemopreventive effects of black and green tea on breast cancer 

development, but few epidemiologic studies have identified such effects. We investigated the 

association between tea consumption and breast cancer risk using data from 45,744 U.S. and 

Puerto Rican women participating in the Sister Study. Frequency and serving size of black and 

green tea consumption were measured at cohort enrollment. Breast cancer diagnoses were reported 

during follow-up and confirmed by medical record review. Multivariable Cox proportional hazards 

regression was used to estimate hazard ratios (HR) and 95% confidence intervals (CI). We further 

investigated potential variation according to estrogen receptor (ER) status, menopausal status, and 

body mass index (BMI). Overall, 81.6% and 56.0% of women drank black or green tea, 

respectively. A total of 2,809 breast cancer cases were identified in the cohort. The multivariable 

model suggested an inverse association between black (≥5 vs. 0 cups/week: HR=0.88, 95% CI 

0.78, 1.00, p-trend=0.08) and green tea (≥5 vs. 0 cups/week: HR=0.82, 95% CI 0.70, 0.95, p-
trend<0.01) consumption and breast cancer risk. We did not observe differences by ER 

characteristics, menopausal status, or BMI. In conclusion, our study suggests drinking at least 5 

cups of green or black tea per week may be associated with decreased breast cancer risk.
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Introduction

Breast cancer remains the most commonly diagnosed malignant tumor among women in the 

United States, with an estimated 268,600 invasive and 62,930 in situ diagnoses in 2019.1 In 

addition to its high incidence, side effects and high cost associated with breast cancer 

treatment support the need for primary prevention.2,3

Tea is one of the most popular beverages worldwide. Green tea and black tea are produced 

from the leaves of the plant Camellia sinensis.4 Many types of organic chemical compounds 

are found in black and green tea, including multiple types of natural polyphenols.5 These 

chemicals may have anti-tumorigenic properties.6,7 For instance, in vitro, clinical, and 

epidemiologic studies suggest that (−)-epigallocatechin-3-gallate (EGCG), the main 

polyphenol in green and black tea,8 may be beneficial for cancer prevention.7,9 Mittal et al.
10 reported that EGCG increased apoptosis in breast carcinoma MCF-7 cells, which 

represent estrogen receptor (ER) positive tumors, without causing adverse effects on the 

growth of normal mammary cells.

However, beneficial effects of tea consumption for breast cancer have not been consistently 

observed in epidemiologic studies.11–13 To date, 15 cohort studies have reported the 

association between tea consumption and breast cancer risk. Of these, one obtained a 

statistically significant and positive association (1 cup/d: RR=1.12, 95% CI 1.01–1.24)14 and 

two reported borderline (>3 cups/day: RR=0.79, 95% CI 0.62–1.01)15 or significant (≥150 

ml/day: RR=0.43, 95% CI 0.20–0.94)16 inverse associations. The remaining estimates were 

not significant; however, based on the direction of the effect estimate, six appeared null, four 

reported positive associations, and four reported inverse associations. Inconsistent results 

may be due, in part, to chemical heterogeneity between tea types or etiological heterogeneity 

between breast cancer subtypes. In general, green tea has a higher level of EGCG than black 

tea8, whereas black tea contains higher concentrations of caffeine.17 Thus, studies ignoring 

differences in chemical constitution may obscure potential chemopreventive effects. 

Additionally, interpretation of the prior literature is limited by the differing levels of baseline 

risk in previous study populations. Most published cohort studies investigating green tea and 

breast cancer were conducted in Asian countries with differing tea consumption habits and 

breast cancer risk compared to U.S. populations, warranting further investigation in a U.S. 

sample.12,13,18,19

Some etiologic factors may contribute to specific subtypes of breast cancer. For example, 

laboratory evidence suggests EGCG may inhibit ER activity and thereby differentially affect 

ER-specific breast cancer risk.20,21 One previous study reported that the association between 

green tea and breast cancer risk differed by menopausal status in 1,545 Chinese women 

(premenopausal: odds ratio (OR)=0.69, 95% confidence interval (CI)=0.35–1.35; 

postmenopausal: OR=1.82, 95% CI=1.07–3.10 for regular green tea consumption vs. never 

tea consumption).22 Lastly, obesity is strongly associated with oxidative stress and steroid 

hormone metabolism, each of which may contribute to breast cancer development.23–25 

However, few previous epidemiologic studies have considered these potential sources of 

heterogeneity simultaneously.
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To examine the association between different types of tea and breast cancer risk, we used 

data from the Sister Study.26

Methods

The Sister Study is a prospective cohort study supported by the National Institute of 

Environmental Health Sciences (NIEHS) that enrolled 50,884 women between the ages of 

35 and 74 across the United States and Puerto Rico from 2003 to 2009.26 Detailed 

information on cohort procedures have been published.26 In brief, participants were 

recruited during 2003–2009 through breast cancer support and advocacy groups, women’s 

volunteer organizations, hospitals, mammography centers, churches, unions, and trade 

organizations via online and print media. Eligible women were free of breast cancer but had 

a sister who had been diagnosed with breast cancer at enrollment. All participants provided 

written informed consent. Following the enrollment interview and home visit, women are 

contacted annually to update information. Study retention is high, as of September 15, 2017, 

90.5% of women completed their most recent follow-up activity.27 Study protocols were 

approved by the Institutional Review Boards of the NIEHS and the Copernicus Group. This 

analysis was completed with data release 6.0 (9/15/2016).

Data collection

At enrollment, green and black tea consumption during the past 12 months was measured by 

the self-administered Block 98 food frequency questionnaire (FFQ).28,29 The modified 

Block FFQ assesses 110 food items30 across beverages, fruits and vegetables, bread and 

cake, cookies and crackers, butter and margarine, milk and dairy products, rice, beans, pasta, 

red and processed meat, chicken, fish and seafood, fried foods, eggs, sweets, salty snacks 

and popcorn, and pastries and sandwiches. Specifically, frequency of consumption and 

amount of food intake at each time were asked. Within the FFQ, participants reported their 

frequency of tea consumption and the cups consumed each time. Frequency was reported at 

9 levels, ranging from “never” to “everyday.” Participants reported how many cups of tea 

they consumed each time as “1 cup, 2 cups, 3–4 cups, or 5 or more cups.” The FFQ did not 

differentiate between hot or iced tea or measure cup size. Alcohol and coffee consumption 

and red meat intake (e.g. pork, beef, lamb) were also measured by the FFQ.28 Caffeine from 

soda and black tea, as well as total energy intake, was calculated from the FFQ by 

NutritionQuest.31 Caffeine levels of regular and decaffeinated coffee, as well as caffeine in 

green tea, were assigned by the researcher based on the United States Department of 

Agriculture (USDA) Food Composition Databases32 as 95.2 mg caffeine per cup of regular 

coffee, 2 mg caffeine per cup of decaffeinated coffee, and 24.8 mg caffeine per cup of green 

tea. On average, one cup of black tea contains 47.2 mg caffeine.32 Health Eating Index 

Scores (1999–2000) developed by the USDA to reflect diet quality were calculated based on 

FFQ.33

Breast cancer diagnosis was self-reported via annual health updates, detailed follow-up 

questionnaires, telephone calls, e-mails, or correspondence with the Sister Study helpdesk. 

Participants who reported a new breast cancer diagnosis (both invasive and non-invasive) 

were contacted approximately 6 months after diagnosis for additional information about the 
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diagnosis and treatment, and to request permission to access their medical records.34,35 

Medical records were reviewed by trained abstractors to verify the breast cancer diagnosis, 

tumor characteristics, and treatment details. Medical records were obtained for>80% of the 

participants with a breast cancer diagnosis.36 ER status of the tumor was abstracted from 

pathology reports when available (79.7%) and by self-report otherwise. Agreement between 

self-reports and medical records was high (99.3% for ER+ and 83.1% for ER− breast 

cancer).35

Menopausal status was queried at enrollment and during follow-up. Women were considered 

postmenopausal if they were ≥12 months from last menses or reported having bilateral 

oophorectomy; had a hysterectomy and were older than 55; had chemotherapy, radiation, or 

other treatment that permanently stopped their period prior to spontaneous menopause; or 

were currently taking ovarian suppressing medications and were older than 55 years.

At enrollment, weekly energy expenditures were calculated in metabolic equivalents (MET) 

and total physical activity was obtained by summing the MET-hours/week of all sports, 

physical exercise, and daily activity reported. Sleep duration was self-reported at enrollment 

as the average hours of sleep per day. Participants were also asked for information about the 

total income from all household members and the highest level of school completed. Height 

and weight were measured at home visits by trained examiners. Measurements were taken 

three times and obtained numbers were rounded to the nearest quarter inch for height and 

whole pound for weight,37 and body mass index (BMI) was calculated as weight(kg)/

height(m2). History of birth control pill use was self-reported. Pre-existing cancer (excluding 

non-melanoma skin cancer) before enrollment were self-reported and received validation via 

medical record review. Breast cancer histories of first degree female relatives, which 

included mother, full and half sister, and daughter, were asked at baseline. Age and race/

ethnicity were self-reported.

Women with the following characteristics were excluded from analysis: 1) had missing data 

on breast cancer status (n=118, 0.2%); 2) cancer diagnosis or end of follow-up occurred 

prior to completion of study enrollment activities (n=17, <0.1%); 3) age at cancer diagnosis 

or end of follow-up was missing (n=30, <0.1%); 4) had missing data for black or green tea 

consumption frequency (n=469 only missing for black tea, 0.9%; n=598 only missing for 

green tea, 1.2%; n=1,512 missing both teas, 3.0%); or 5) had missing data for any potential 

confounder (n=2,396, 4.7%). After these exclusions, records from 45,744 (89.9%) women 

contributed to analyses.

Statistical analysis

Tea consumption (cups/week) was calculated by multiplying the frequency of consumption 

(times per week) by the serving size (cups consumed each time). Tea consumers with 

missing serving size information (N=1,103, 3.0% of black tea consumers; N=939, 3.8% of 

green tea consumers) were assigned a serving size of 1 cup as that was the most common 

serving size reported by black (57.4%) and green (73.2%) tea consumers. Black tea 

consumption was categorized to approximate quartiles as: never drinker, <1, 1-<5, and ≥5 

cups/week. Green tea consumption was categorized in the same way for consistency.
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Alcohol consumption was measured by calculating drinks consumed per week and 

categorized as 0, <1, 1-<7, and ≥7 drinks/week to align with previous reports from the 

Behavioral Risk Factor Surveillance System.38 Red and cured meat consumption during the 

past 12 months was measured by FFQ as ounce-equivalents per day.39,40 BMI categories 

were defined on the basis of guidelines used in WHO as underweight/normal weight (<24.9 

kg/m2), pre-obesity (25.0–29.9 kg/m2), obesity class I (30.0–34.9 kg/m2), obesity class II 

(35.0–39.9 kg/m2), and obesity class III (≥40 kg/m2).41 Meat consumption, total energy 

intake, physical activity, and healthy eating index were categorized to approximate quartiles. 

Average daily sleep hours was categorized into 3 levels (<7, 7-<8, and ≥8 hours/day) based 

on thresholds published by the National Sleep Foundation.42 The number of first degree 

female relatives with breast cancer was categorized as 1, 2, or ≥3 relatives and analyzed as 

an ordinal variable (1, 2, 3).43

Kaplan-Meier curves were used to visualize breast cancer incidence according to tea 

consumption levels. Specifically, we chose a common starting age at age 36 years for the 

Kaplan-Meier estimates where we required at least 200 women to be at risk in each tea 

consumption group in order to obtain stable estimates. Log-rank tests were performed to test 

if the incidence of different consumption levels were different. Univariate and multivariable 

Cox proportional hazards regression models were used to calculate hazard ratios (HRs) and 

95% confidence intervals (CI) for the association of black or green tea consumption with 

breast cancer risk. Age was used as the time scale in the above analyses and left truncation 

was accounted for. Using age as the time scale inherently adjusted for age in the Cox model. 

Women entered the risk set at the age of study enrollment and contributed person-time until 

age at breast cancer diagnosis, age at death, or age at last study contact, whichever occurred 

first. Tests for trend were conducted by treating the median value in each category of tea 

consumption as a continuous variable in the model,44 and p-trend<0.05 indicated a 

significant linear trend. Tests for overall associations with black or green tea consumption 

were conducted by Wald test with 3 degrees of freedom for the 4 categories (0, <1, 1-<5, and 

≥5 drinks/week). The proportionality assumption of the Cox model was examined based on 

scaled Schoenfeld residuals;45,46 there was no evidence of violation. We applied a restricted 

cubic spline with 3 knots in the multivariable Cox model to depict the potential non-linear 

relationship between tea and breast cancer risk.

Covariates included in the multivariable model as potential confounders were chosen based 

on a priori knowledge regarding their relation with tea consumption and/or breast cancer. 

Covariates were included as follows: race (non-Hispanic white, non-Hispanic black, and 

other), BMI (<25, 25-<30, 30-<35, 35-<40, and ≥40 kg/m2), education (high school or less, 

some college or undergraduate, and graduate school), annual household income (<$50,000, 

$50,000-<$100,000, and ≥$100,000), smoking status (never, former, current), alcohol 

consumption (0, <1, 1-<7, and ≥7 drinks/week), total energy intake (<1,197.2, 1,197.2-

<1,545.6, 1,545.6-<1,961.2, and ≥1,961.2 kcal/day), physical activity (<27.1, 27.1-<44.4, 

44.4-<67.2, and ≥67.2 MET-hours/week), meat consumption (<0.70, 0.70-<1.23, 1.23-

<2.01, and ≥2.01 ounce-equivalent/day), total caffeine intake (<31.6, 31.6-<105.8, 105.8-

<205, and ≥205 mg/day), healthy eating index (<54, 54-<63, 63-<71, and ≥71), average 

daily sleep duration (<7, 7-<8, ≥8 hours/day), ever used birth control pill (no vs. yes), 

personal cancer history (no vs. yes), and number of first degree relatives with breast cancer 
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(1, 2, and ≥3).47,48 Black and green tea consumption were mutually-adjusted in 

multivariable models. Caffeine was chosen as a covariate to focus on potential direct 

chemopreventive effects from polyphenols in tea, rather than associations that are potentially 

mediated by caffeine intake.7,20,49

EGCG has been shown to downregulate ER activity, suggesting chemopreventive effects of 

tea on breast cancer may differ by ER expression.20 Thus, we used joint Cox regression 

models to examine whether associations between tea consumption and breast cancer risk 

differed by ER status.50 In joint Cox models, each person contributed to 2 potential event 

(ER+ and ER− breast cancer) times as competing risks in our analysis, and parameters of ER

+ cancer (β1) and ER− cancer (β2) were estimated simultaneously by stratifying on breast 

cancer subtypes defined by ER status (ER+ and ER−) and using a robust variance estimator 

to account for the correlation between survival times of the two subtypes.

To investigate the association between tea consumption and premenopausal breast cancer, 

only premenopausal person-time was included in the analysis; women who became 

postmenopausal without breast cancer diagnosis were censored at their age of menopause. 

For postmenopausal breast cancer risk models, women who were menopausal at enrollment 

entered the risk set at their age of study enrollment; otherwise, they entered the risk set at the 

age when they became postmenopausal during follow-up. Wald tests with robust variance 

estimators were used to examine potential interaction between tea and menopausal status on 

breast cancer risk in analyses that accounted for clustering of women who contributed to 

both pre- and postmenopausal person-time. This analysis assumed that tea consumption 

levels at enrollment remained constant throughout follow-up.

We conducted a subgroup analysis by obesity defined by BMI (<30 kg/m2 vs. ≥30 kg/m2). 

Interaction terms between tea consumption and BMI were used to evaluate potential 

modification according to obesity status using Wald tests.

Four sets of sensitivity analysis were conducted to verify the robustness of association 

pattern in primary analysis. First, we generated a lag period of 6 months in order to exclude 

women diagnosed with breast cancer shortly after enrollment to reduce the potential for 

undiagnosed breast cancer to influence tea consumption patterns. Second, we restricted the 

analysis to women without missing value of serving size. Third, we applied joint Cox 

models for competing risks to examine potential heterogeneity in risk estimates for invasive 

breast cancer and ductal carcinoma in situ (DCIS), the most common form of in situ breast 

cancer. Fourth, we compared the association of tea consumption in subgroups stratified by 

number of first degree relatives with breast cancer (1 vs. >1).

Two-sided P values <0.05 were considered to be statistically significant. Statistical analyses 

were conducted with Stata 13.0 (College Station, TX: StataCorp, LLP) and SAS v9.4 (SAS 

Institute Inc., Cary, NC).

Data availability

Data for this analysis are available upon request. See the Sister Study website at https://

sisterstudy.niehs.nih.gov/English/coll-data.htm for information on requesting study data.
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Results

Of the 45,744 women contributing to the analysis, the mean age at enrollment was 55.4 (SD 

8.9) years. The median follow-up time was 8.6 years and 2,809 women were diagnosed with 

breast cancer during follow-up. Table 1 presents participants’ sociodemographic and health-

related characteristics at enrollment and age-adjusted HRs for breast cancer. In age-adjusted 

models, having a postmenopausal BMI ≥25 kg/m2 (vs. <25 kg/m2), completing graduate 

school (compared to high school or less), having an annual household income ≥$100,000 per 

year (compared to <$50,000), being a former (vs. never) smoker, high-level meat 

consumption (≥2.01 ounce-equivalent/day compared to <0.70 ounce-equivalent/day), higher 

total energy consumption (≥1,961.2 compared to <1,197.2 kcal/day), personal cancer 

history, and number of first degree relatives with breast cancer were associated with higher 

breast cancer risk.

Kaplan-Meier curves suggested differences in breast cancer risk across tea consumption 

levels were statistically significant for green tea (log-rank p<0.01), but not black tea (log-
rank p=0.25) (Figure 1A and B). Table 2 presents HRs for associations between tea 

consumption and breast cancer risk. Black tea consumption (81.6 %) was more frequently 

reported than green tea (56.0 %). Overall, 25.2% and 8.9% of women drank ≥5 cups/week of 

black and green tea, respectively. In multivariable models, green tea consumption was 

inversely associated with breast cancer risk (p-overall<0.01). Drinking at least 5 cups of 

green tea per week was associated with a lower risk of breast cancer (HR=0.82, 95% CI 

0.70, 0.95 for ≥5 vs. 0 cups/week of green tea; p-trend<0.01). The association with black tea 

were less consistent, with no apparent overall association (p-overall=0.25) but a pairwise 

inverse association between drinking ≥5 cups/week (HR=0.88, 95% CI 0.78, 1.00) compared 

to not drinking black tea and a marginally significant trend across categories (p-trend=0.08). 

The fitted curves (Figure 2A and B) of the restricted cubic spline also suggested that higher 

tea consumption levels were associated with a lower cancer risk, although the association 

was only statistically significant for green tea

There were 2,043 ER+ and 357 ER− breast cancers in our sample. Associations between 

black and green tea consumption and ER-defined breast cancer risk were not statistically 

different (p-heterogeneity=0.84 for black tea; p-heterogeneity=0.98 for green tea) (Table 3). 

Similar to associations with breast cancer risk overall (Table 2), we observed inverse 

associations between green tea and ER+ (p-overall<0.01) and ER− (p-overall=0.01) breast 

cancer risk and a significant trend with increasing consumption for ER+ risk (≥5 vs. 0 cups/

week, HR=0.81, 95% CI 0.68, 0.97, p-trend<0.01). Associations between black tea 

consumption and cancer risk were not statistically significant for either ER+ (≥5 vs. 0 cups/

week, HR=0.89, 95% CI 0.77, 1.03, p-trend=0.16) or ER− (≥5 vs. 0 cups/week, HR=0.86, 

95% CI 0.63, 1.17, p-trend=0.24) breast cancer, although the HR in the highest consumption 

category was 0.86–0.89 across ER types.

Table 4 presents effect measures of black and green tea consumption by menopausal status. 

A total of 545 premenopausal and 2,160 postmenopausal breast cancer cases were included 

in our analysis. Interactions between menopausal status and tea consumption were not 

statistically significant (p-interaction=0.87 for black tea, p-interaction=0.22 for green tea) 
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(Table 4). Neither black nor green tea consumption appeared to be associated with 

premenopausal breast cancer risk. Green tea consumption was inversely associated with 

postmenopausal breast cancer risk (HR=0.77, 95% CI: 0.64, 0.91 for ≥5 vs. 0 cups per week 

of green tea; p-trend<0.01; p-overall<0.01). Suggested inverse associations with black tea 

consumption were limited to the highest category of consumption, and were not statistically 

significant (HR=0.88, 95% CI 0.76, 1.02 for ≥5 vs. 0 cups/week of black tea; p-trend=0.16; 
p-overall=0.38).

Breast cancer risk associations were not statistically different between non-obese and obese 

women (p-interaction=0.80 and 0.63 for black and green tea, respectively, Table 5). Inverse 

associations with green tea (HR=0.76, 95% CI 0.63, 0.91 for ≥5 vs. 0 cups/week of green 

tea; p-trend<0.01; p-overall<0.01), and possibly black tea (HR=0.85, 95% CI 0.73, 0.99 for 

≥5 vs. 0 cups/week of black tea; p-trend=0.047; p-overall=0.18), were only apparent among 

non-obese (BMI <30 kg/m2) women. These associations were largely null in the obese strata 

(Table 5).

The 4 sets of sensitivity analyses (Supplementary Tables 1–4) yield similar results to 

primary analysis and did not find heterogeneity between invasive cancer and DCIS (p-
heterogeneity=0.54 for black tea; p-heterogeneity=0.85 for green tea). The number of first 

degree relatives with breast cancer did not modify the association either (p-interaction=0.64 
for black tea; p-interaction=0.84 for green tea).

Discussion

In our study, frequent green tea consumption, as compared to never consuming, was 

associated with a lower risk of breast cancer, with some evidence for inverse associations 

with black tea as well. Associations between tea consumption and breast cancer risk were 

not statistically different by ER status, menopausal status, or BMI. However, since some 

subgroups have small sample sizes, it is possible that the non-significant interaction could be 

due to the lack of sufficient power.

Two recent published meta-analyses investigated associations between tea consumption and 

breast cancer risk and reported null summary associations for black tea (RR=1.00, 95% 

CI=0.91–1.10)51 and green tea (RR=0.97, 95% CI=0.86–1.11)52 across 1351 and 552 cohort 

studies, respectively. However, in the meta-analysis of black tea, 4 studies did not 

specifically clarify tea type in the original analysis and 3 classified non-herbal tea as black 

tea (although green tea is also a type of non-herbal tea). These 2 meta-analyses involved 14 

cohort studies in total, 10 of which combined non-tea consumers and infrequent tea 

consumers in the reference group, which could obscure potential associations with low-dose 

black or green tea consumption.

The inverse association we observed may be due, in part, to the polyphenols (e.g. EGCG) 

found in green and, to a lesser extent, black tea.8,53 A previous animal study fed female mice 

on solution containing radio-labeled EGCG and found that mammary gland levels of EGCG 

substantially increased after 24 hours of ingestion.54 This indicates the potential for 

polyphenols in tea to be absorbed and transported in the human body. Hong et al.49 reported 
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that EGCG induced breast tumor cell apoptosis and inhibited tumorigenesis in 

MDA‑MB‑231 breast cancer cells by inactivating the β‑catenin signaling pathway.55 

Laboratory research reported anti-mutagenic effects of polyphenols in non-herbal tea.56,57 

This evidence supports the potential for tea consumption to prevent breast cancer by 

inhibiting tumor initiation. Green or black tea may also reduce breast cancer risk by 

inhibiting tumor promotion. Studies58–60 of EGCG support a role in inhibition of 

angiogenesis through suppression of vascular endothelial growth factor (VEGF). 

Angiogenesis is an important factor for solid tumor growth since vascular networks facilitate 

nutrient transport and waste product removal.61 Usually, solid tumors like early-stage breast 

cancer need new blood vessels to proliferate larger than one micrometer in size;62 therefore, 

green and black tea, which are rich in EGCG, may reduce breast cancer risk by inhibiting 

angiogenesis and tumor proliferation. Antioxidant properties of green and black tea may also 

contribute to inverse associations with breast cancer risk. In vitro studies found that EGCG 

in green and black tea could lower oxidative stress-induced molecular damage and lower the 

risk of cancer development.63,64

The clear definition and categorization of tea, which considered potential dose-response, is a 

strength of our analysis. We used data from a national cohort study with a larger overall 

sample size and number of breast cancer cases as compared to previous studies, which 

increased precision. Moreover, conducting additional sensitivity analyses further validated 

results in primary analysis. However, some limitations should be considered. At enrollment, 

black and green tea consumption, as well as other dietary and lifestyle characteristics, were 

self-reported, which may have introduced measurement error and introduced the potential 

for residual confounding if this information was collected imperfectly. However, we 

anticipate measurement error would be non-differential with respect to breast cancer status 

as exposure and covariate information was reported prior to diagnosis.65 Women reported 

their dietary consumption during the past 12 months, which is used in the current analysis as 

an indicator of more long-standing adult consumption patterns. In addition to frequency and 

serving size, the duration of tea consumption may also play an important role in cancer 

prevention; however, this information was not available. The potential lack of sufficient 

power in subgroup analysis makes it necessary to further verify interactions in future studies.

In conclusion, our study suggests that drinking 5 or more cups of green or black tea per 

week, compared to none, is associated with an approximately 15% lower risk of breast 

cancer. Tea is an inexpensive, accessible, and safe beverage; however, randomized trials are 

needed to confirm the inverse association of green or black tea consumption with breast 

cancer risk.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Abbreviations:

BMI body mass index

CI confidence interval

DNA deoxyribonucleic acid

EGCG (−)-epigallocatechin-3-gallate
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HR hazard ratio

MET metabolic equivalent

NIEHS National Institute of Environmental Health Sciences

SD standard deviation

USDA United States Department of Agriculture

VEGF vascular endothelial growth factor

WHO World Health Organization
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What’s new

Previous epidemiologic studies of tea and breast cancer risk have largely ignored 

heterogeneous chemical constituents across different types of tea or potential variation by 

breast cancer subtype. Our research considered these issues and reports a modest inverse 

association between black and green tea consumption and breast cancer risk that did not 

vary according to estrogen receptor status of the tumor.
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Figure 1A and 1B. 
Kaplan-Meier curves for black (Figure 1A) and green tea (Figure 1B) consumption. Age was 

used as the time scale in the figure. The vertical axis indicated the probability of being free 

of breast cancer.
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Figure 2A. 
Restricted cubic spline showing the hazard ratio for breast cancer with increasing black tea 

consumption compared to no black tea consumption adjusted for green tea, race, body mass 

index, education, income, smoking status, alcohol consumption, energy intake, physical 

activity, meat consumption, sleep duration, caffeine intake, healthy eating index, history of 

birth control pill utilization, personal cancer history, and number of first degree relatives 

with breast cancer. The dashed lines are the 95% confidence intervals.
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Figure 2B. 
Restricted cubic spline showing the hazard ratio for breast cancer with increasing green tea 

consumption compared to no green tea consumption adjusted for black tea, race, body mass 

index, education, income, smoking status, alcohol consumption, energy intake, physical 

activity, meat consumption, sleep duration, caffeine intake, healthy eating index, history of 

birth control pill utilization, personal cancer history, and number of first degree relatives 

with breast cancer. The dashed lines are the 95% confidence intervals.
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Table 1.

Participant characteristics at enrollment, Sister Study, 2003–2009

Characteristics Total cohort N (%) Breast cancers
1
 N (%) Person-year Age-adjusted HR (95% 

CI) P
4

Total N 45,744 2,809 384,008.4

Age (year)

35-<45 6,075 (13.3) 282 (10.0) 52333.8 REF 0.74

45-<55 16,116 (35.2) 915 (32.6) 137247.8 1.08 (0.88, 1.32)

55-<65 16,081 (35.2) 1,063 (37.8) 134230.7 1.04 (0.81, 1.33)

≥65 7,472 (16.3) 549 (19.6) 60196.1 0.98 (0.73, 1.33)

Race

Non-Hispanic white 38,709 (84.6) 2,429 (86.5) 330548.3 REF 0.86

Non-Hispanic black 3,756 (8.2) 195 (6.9) 28114.1 0.99 (0.86, 1.15)

Other 3,279 (7.2) 185 (6.6) 25346 1.04 (0.90, 1.21)

BMI (kg/m2)
2
 (premenopausal at 

enrollment)

<25 7,036 (43.7) 400 (44.5) 61489.5 REF 0.70

25-<30 4,594 (28.6) 272 (30.3) 39195 1.05 (0.90, 1.22)

30-<35 2,480 (15.4) 130 (14.5) 20870.9 0.94 (0.77, 1.14)

35-<40 1,149 (7.1) 55 (6.1) 9554.5 0.87 (0.66, 1.15)

≥40 826 (5.1) 42 (4.7) 6642.9 0.96 (0.70, 1.32)

(postmenopausal at enrollment)

<25 10,759 (36.3) 629 (32.9) 91279.1 REF <0.01

25-<30 9,771 (33.0) 633 (33.1) 81059.1 1.12 (1.00, 1.25)

30-<35 5,351 (18.1) 387 (20.3) 43570 1.29 (1.13, 1.46)

35-<40 2,347 (7.9) 161 (8.4) 18939.3 1.26 (1.06, 1.50)

≥40 1,415 (4.8) 100 (5.3) 11249.4 1.35 (1.09, 1.66)

Education level

High school or less 6,854 (15.0) 380 (13.5) 55859.9 REF 0.01

Some college or undergraduate 27,815 (60.8) 1,674 (59.6) 233345.4 1.10 (0.98, 1.23)

Graduate school 11,075 (24.2) 755 (26.9) 94803.1 1.21 (1.07, 1.37)

Annual household income ($)

0-<50,000 11,441 (25.0) 692 (24.6) 93190.7 REF 0.06

50,000-<100,000 18,795 (41.1) 1,129 (40.2) 158920.5 1.02 (0.93, 1.13)

≥100,000 15,508 (33.9) 988 (35.2) 131897.2 1.12 (1.01, 1.23)

Smoking history

Never 25,738 (56.3) 1,516 (54.0) 217064.7 REF 0.04

Former 16,252 (35.5) 1,093 (38.9) 136265.8 1.10 (1.01, 1.19)

Current 3,754 (8.2) 200 (7.1) 30677.9 0.96 (0.83, 1.12)

Alcohol consumption (drinks/week)

0 8,464 (18.5) 498 (17.7) 69148.5 REF 0.11

<1 16,231 (35.5) 948 (33.8) 136247.3 1.01 (0.90, 1.12)

1-<7 14,828 (32.4) 955 (34.0) 125974.4 1.11 (0.99, 1.23)
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Characteristics Total cohort N (%) Breast cancers
1
 N (%) Person-year Age-adjusted HR (95% 

CI) P
4

Total N 45,744 2,809 384,008.4

≥7 6,221 (13.6) 408 (14.5) 52638.2 1.09 (0.96, 1.24)

Caffeine intake (mg/day)

<31.6 11,283 (24.7) 687 (24.5) 95056.2 REF 0.89

31.6-<105.8 11,405 (24.9) 695 (24.7) 95405.1 1.01 (0.91, 1.12)

105.8-<205.0 11,501 (25.1) 700 (24.9) 96919 0.99 (0.89, 1.10)

≥205.0 11,555 (25.3) 727 (25.9) 96628.1 1.03 (0.93, 1.15)

Total energy intake (kcal/day)

<1,197.2 11,370 (24.9) 670 (23.8) 94436.1 REF <0.01

1,197.2-<1,545.6 11,412 (24.9) 656 (23.4) 96186.5 0.97 (0.87, 1.08)

1,545.6-<1,961.2 11,503 (25.1) 709 (25.2) 97333.4 1.03 (0.93, 1.15)

≥1,961.2 11,459 (25.1) 774 (27.6) 96052.4 1.16 (1.05, 1.29)

Physical activity (MET-hour/week)

<27.1 11,436 (25.0) 718 (25.6) 95593.6 REF 0.30

27.1-<44.4 11,397 (24.9) 725 (25.8) 95587.6 1.01 (0.91, 1.12)

44.4-<67.2 11,492 (25.1) 696 (24.8) 96821.3 0.95 (0.86, 1.06)

≥67.2 11,419 (25.0) 670 (23.8) 96005.9 0.92 (0.83, 1.02)

Meat consumption (ounce-

equivalent/day)
3

<0.70 11,260 (24.6) 665 (23.7) 93702.1 REF <0.01

0.70-<1.23 11,466 (25.1) 682 (24.3) 96587.9 1.01 (0.91, 1.12)

1.23-<2.01 11,503 (25.1) 675 (24.0) 96872.3 1.01 (0.91, 1.12)

≥2.01 11,515 (25.2) 787 (28.0) 96846.1 1.19 (1.07, 1.32)

Healthy eating index score (0–100)

<54 11,441 (25.0) 715 (25.5) 94914.6 REF 0.50

54-<63 11,485 (25.1) 686 (24.4) 95821.9 0.94 (0.85, 1.05)

63-<71 10,434 (22.8) 629 (22.4) 87989.9 0.93 (0.83, 1.03)

≥71 12,384 (27.1) 779 (27.7) 105282 0.94 (0.85, 1.04)

Sleep duration (hours/day)

<7 13,138 (28.7) 777 (27.7) 108782.3 0.94 (0.86, 1.03) 0.22

7-<8 17,358 (38.0) 1,116 (39.7) 147273.1 REF

≥8 15,248 (33.3) 916 (32.6) 127953 0.93 (0.85, 1.02)

Personal cancer history at 

baseline
5

No 43,317 (94.7) 2,612 (93.0) 364615 REF <0.01

Yes 2,427 (5.3) 197 (7.0) 19393.4 1.34 (1.16, 1.55)

Ever used birth control pill

No 7,027 (15.4) 456 (16.2) 58237.7 REF 0.86

Yes 38,717 (84.6) 2,353 (83.8) 325770.7 1.01 (0.91, 1.12)

Number of first degree female 
relatives with breast cancer

1 33,566 (73.4) 1,810 (64.5) 282615 REF <0.01
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Characteristics Total cohort N (%) Breast cancers
1
 N (%) Person-year Age-adjusted HR (95% 

CI) P
4

Total N 45,744 2,809 384,008.4

2 10,706 (23.4) 849 (30.2) 89425.3 1.45 (1.34, 1.58)

≥3 1,472 (3.2) 150 (5.3) 11968.1 1.86 (1.58, 2.20)

Abbreviation: NIEHS: The National Institute of Environmental Health Sciences, BMI: body mass index, MET: metabolic equivalent of task, HR: 
hazard ratio, CI: confidence interval

1
Breast cancer included invasive breast cancer and non-invasive cancer

2
Menopausal status at enrollment. For BMI, the sum of the column did not equal the total sample because of missing data of menopausal status

3
This included cured meat and red meat.

4
Wald test was used to calculate the overall-p value.

5
This excluded non-melanoma skin cancer.
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