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Abstract Known risk factors account for about 10-15%
of breast cancer incidence suggesting that lifestyle expo-
sures are crucial in its etiology. Previous epidemiological
studies on the association between coffee and tea con-
sumption and breast cancer risk have been inconsistent. We
investigated the association of coffee and tea consumption
with the risk of breast cancer among women in EPIC-NL
cohort, a population-based prospective cohort in Nether-
lands with 27,323 participants. Exposure was measured by
a validated food frequency questionnaire, and the outcome
was verified by direct linkage with the Netherlands Cancer
Registry. A total of 681 invasive primary breast cancers
were diagnosed in 9.6 years of follow-up. Coffee intake
increased the risk of breast cancer by more than twofold as
compared to non-consumers (HR; 2.25, 95% CI; 1.30—
3.90). This association did not hold after multivariate
adjustment which resulted in a HR of 1.17, 95% CI; 0.65—
2.12. After adjustment to breast cancer risk factors and
lifestyle, no association was observed between intake of
coffee or tea and risk of breast cancer across all categories
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of intake. These results were also not altered by body mass
index (BMI). Coffee and tea consumption does not seem to
be related to the risk of breast cancer in women.
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Introduction

Breast cancer is the most common type of female malig-
nancy which results in significant morbidity and mortality
across the globe. Currently, known risk factors in con-
junction explain only some 10-15% of breast cancer inci-
dence. Therefore, lifestyle and environmental exposures
may be crucial in the etiology of breast cancer as suggested
by international variation in breast cancer incidences and
evidence from studies of migrants [1].

Coffee and tea are the world’s most popular beverages,
with The Netherlands being one of the top 10 countries in
the world for coffee consumption per capita. In 2007, the
World Cancer Research Fund (WCRF) concluded in its
report that for the association between premenopausal and
postmenopausal breast cancer with dietary exposures such
as coffee and tea intake, the data were either of too low
quality, or too inconsistent, or the number of studies were
too few to allow conclusions to be reached [2]. While some
case—control studies showed no association between coffee
and tea intake and the risk of breast cancer [3-7], other
studies have shown a protective effect [§—10] or a harmful
effect [11]. Meanwhile, data from large prospective studies
are limited with most of them reporting no association
between coffee and/or tea and risk of breast cancer [12-18],
except for a Norwegian study which showed a significant
inverse association among lean women and a non-signifi-
cant positive effect among the obese [19].
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Association between coffee or tea consumption and the
risk of breast cancer is biologically plausible since these
beverages are a complex mixture of chemicals, e.g., caf-
feine and polyphenolic compounds such as flavonoids and
lignans [20]. The hypothesis that caffeine may increase the
risk of breast cancer was coined in 1970s and 1980s.
Caffeine was found to be carcinogenic in animal models
[21] possibly caused by an inhibitory effect of caffeine on
the repair of UV-damaged DNA, and an enhancing effect
on cytotoxic and mutagenic activities of alkylating agents
[22]. On the contrary, flavonoids and lignans are members
of a diverse group called phytoestrogens, which have
similar structural properties with estradiol and may also act
as estrogen antagonists [23]. Phytoestrogens have also been
shown in vitro to exhibit a plethora of different anti-cancer
effects, including proliferation of malignant cells through
inhibition [24]. Lignans may also protect against breast
cancer by modulation of local estradiol synthesis by
inhibiting 17beta-HSD type 1 enzyme which is necessary
for estrogen synthesis [25].

Therefore, we investigated the association of coffee and
tea consumption with the risk of breast cancer within the
EPIC-NL cohort which is a large population-based pro-
spective cohort in The Netherlands, while enabling solid
confounder adjustment.

Methods
Study population and assessment

The EPIC-NL study consists of the Prospect and MOR-
GEN cohorts that cover the Dutch contribution to the
European Prospective Investigation into Cancer and
Nutrition (EPIC) cohort [26]. In brief, Prospect is a pro-
spective cohort study of women, aged 49-70, who partic-
ipated in the breast cancer screening between 1993 and
1997 [27]. The MORGEN cohort consists of men and
women aged 20-59 years recruited from three Dutch cities
(Amsterdam, Doetinchem, and Maastricht) [28] between
1993 and 1997. There are 40,011 participants in the EPIC-
NL cohort.

At baseline, a general questionnaire containing ques-
tions on demographic characteristics and the risk factors
and presence of chronic diseases were completed, together
with a food frequency questionnaire. Although the general
questionnaires from both cohorts were not identical, very
similar information was reported. Coding of this informa-
tion was standardized and merged into one uniform
database.

The present analysis was restricted to only those women
with no prior history of cancer, as well as those with
complete information on coffee and tea intake. Initially,
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29,751 women were available out of which 27,439 did not
have a prior history of cancer, but 116 of them had to be
excluded due to incomplete coffee or tea data, leaving
27,323 women for analysis. Those with prior history of
cancer were excluded since they were likely to have
changed their lifestyle habits, while the previous lifestyle
habits may still have a large impact on subsequent second
cancer risk.

Exposure assessment

Daily food intake was assessed using a validated food
frequency questionnaire (FFQ) including questions on the
usual frequency consumption of 77 main food items during
the year preceding enrollment. Overall, the questionnaire
allows the estimation of the average daily consumption of
178 food types. It was validated against twelve 24-h recalls
before the start of the study among 121 men and women
[29, 30]. This FFQ was used to assess the daily amount of
coffee and tea consumption during the preceding year to
enrollment of the study. Participants were asked how many
cups (250 ml) of coffee and glasses of tea they consumed
on the basis of average per day/per week/per month/per
year. Data of the validation study by Ocke et al. [29] were
used to estimate reliability of the coffee and tea con-
sumption assessment. A Spearman correlation coefficient
of 0.74 for coffee consumption and 0.87 for tea con-
sumption was observed between the FFQ and the twelve
24-h dietary recalls. For the present analysis, the amount of
coffee and tea consumption was divided into six catego-
ries, O cup, 0.1-1.0 cups (reference group), 1.1-2.0 cups,
2.1-3.0 cups, 3.1-5.0 cups, and >5.0 cups per day. Since
individuals who consumed coffee often also consumed tea
and vice versa, we decided to combine coffee and tea
intake for further analysis. The number of cups of coffee
and tea reported by an individual was combined into seven
categories i.e., group-0 (no tea and coffee), 1 (tea only), 2
(coffee only), 3 (moderate tea and moderate coffee intake),
4 (moderate tea and high coffee intake), 5 (high tea and
moderate coffee intake), 6 (high tea and coffee intake) with
moderate intake referring to 0.1-3.0 cups per day, while
intake of >3 cups per day was considered as high.

Even though we had information on decaffeinated cof-
fee, it was not separately analyzed since the numbers were
too small to allow for a meaningful analysis.

Ascertainment of breast cancer cases and follow-up
of the cohort

The outcome of interest in this study was the occurrence of
first, primary invasive breast cancer. Data on diagnosis of
breast cancer were obtained from the Netherlands Cancer
Registry, which holds a standard computerized register of
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cancer patients. This database was directly linked to the
EPIC-NL cohort with patients’ names after obtaining their
consents. Information on vital status and participant
movements was made available through linkage with the
municipal administration registries. The MORGEN cohort
was censored on Ist January, 2004 while the Prospect
cohort was censored on January 1, 2007.

Statistical analysis

Cox proportional hazards analysis was used to examine the
association between coffee and tea consumption and the
incidence of breast cancer. Crude hazard ratios (HR) with
95% confidence intervals were calculated for each coffee
or tea intake category with the moderate consumers as
reference. The HRs were further stratified into two BMI
categories which have been reported as an effect modifier
[19]. A cut-off point of 25 kg/m* was used to distinguish
between normal and overweight women based on the WHO
criteria. No separate analysis was carried out for pre-
menopausal breast cancer subtypes as the number of pre-
menopausal breast cancer cases was too small. Assessment
of the estrogen receptor (ER) and progesterone receptor
(PR) status was done in about 330 patients with breast
cancer, and we analyzed the ER+/PR-+ tumors separately.
However, the numbers of ER+/PR— and ER—/PR—
tumors were relatively too small to allow for further sub-
group analysis.

Coffee and tea consumption was expected to be strongly
associated with many lifestyle characteristics that could
confound associations with breast cancer. In order to
optimize confounder adjustment and avoid large Cox
models, we first calculated propensity scores [31-33]. We
used a logistic regression model to estimate the probability
of drinking coffee for each participant as predicted by their
age at recruitment, smoking status (never, past, current),
educational status (low, intermediate, high), BMI, alcohol
intake, energy intake, fat and fiber intake adjusted for
energy (using nutrient residual model [34]), tea intake,
physical activity level (inactive, moderately inactive,
moderately active, active), ever prior use of oral contra-
ceptives (yes, no), presence of hypercholesterolemia (yes,
no), cohort (Prospect, Morgen), family history of breast
cancer (yes, no), age at menarche, and parity. We also
calculated the predicted probability of drinking tea for each
participant using a similar logistic regression model which,
instead, adjusted for coffee intake. The resulting propensity
score (i.e., predicted probability) distributions for all the
participants were divided into quintiles, and sufficient
overlap of lifestyle characteristics by coffee and tea intake
(yes/no) was evaluated as a prerequisite in propensity score
modeling [31]. These propensity scores were considered as

proxy for lifestyle of participants and subsequently added
into the Cox regression model for adjustment of
confounders.

The follow-up time was calculated from the date of
enrollment of the study to the date of breast cancer diag-
nosis. Participants who, during follow-up, developed other
type of cancers were censored on the date of diagnosis.
Other participants were censored on loss to follow-up, at
death or at the end of follow-up. The Cox proportional
hazards assumption was examined by visually inspecting
log-minus-log plots with no deviations detected.

Since using propensity scores alone would not help in
identifying which covariates contributed the most as con-
founders in this study, we proceeded to identify such
important covariates by dropping them one at a time and
examining the changes in adjusted HRs as compared to the
crude value. We did this for age, family history of breast
cancer, age at menarche, parity, smoking, physical activity,
education, and dietary exposures (combined intake of
alcohol, total energy, saturated fat, fiber, and coffee for tea
mutually).

Two-tailed P-values <0.05 and 95% confidence inter-
vals for HR not including 1 were considered as statistically
significant. All the statistical analyses were performed
using SPSS for Windows version 16.0 (SPSS Inc., Chicago,
USA).

Results

During an average of 9.6 years of follow-up, a total of 681
incidents of first invasive primary breast cancers were
diagnosed among our study cohort of 27,323 women. Out
of these, only 53 cases were pre-menopausal breast cancers
(i.e., diagnosed before the age of 50 years), therefore,
making it impossible for further meaningful analysis. The
median age of this cohort at recruitment was 52.6 years
with an age range of 20-70 years. Median coffee intake
was 3.1 cups/day, and median tea intake was 2 cups/day.
Overall, median BMI was 25.0 kg/mz, and about 10% of
women reported a positive history of breast cancer in a first
degree relative. Baseline characteristics of participants
according to coffee/tea consumption are shown in Table 1.
Many risk factors for breast cancer, including lifestyle
characteristics, were associated with coffee and tea intake.

Prior to adjustment, coffee intake increased the risk of
breast cancer in consumers by more than twofold as
compared to non-consumers (crude HR; 2.25, 95% CI;
1.30-3.90). However, following adjustment, this associa-
tion attenuated and was not significant (adjusted HR; 1.17,
95% CI; 0.65-2.12). Table 2 shows the breast cancer risk
across various categories of coffee intake where no sig-
nificant association was observed in the overall or BMI
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Table 1 Relation of coffee and tea consumption with selected demographic, lifestyle, and breast cancer risk characteristics in 27,323

participants

0 cup 0.1-1.0cups  1.1-2.0 cups ~ 2.1-3.0 cups ~ 3.1-5.0 cups  >5 cups
Duaily coffee consumption
No. of participants 1368 4667 3709 3896 7782 5901
Age (years) 50.1 55.0 54.5 54.6 54.6 52.7
High educational level (% [n]) 21.8 (297) 18.7 (870) 23.3 (863) 22.1 (860) 16.6 (1285) 13.4 (791)
Tea intake (cups/day) 5.0 3.0 3.0 2.0 2.0 1.0
Soft drink intake (cups/day) 0.077 0.066 0.067 0.069 0.065 0.072
BMI (kg/m?) 24.9 25.1 25.0 25.0 25.0 26.0
Low physical activity (% [n]) 10.4 (142) 9.8 (458) 8.4 (310) 7.7 (299) 6.9 (534) 9.0 (529)
Current smoker (% [n]) 17.8 (244) 20.9 (974) 20.9 (774) 234 (911) 26.4 (2052) 44.4 (2616)
Alcohol intake (g/week) 2.2 14.2 24.1 29.0 29.7 26.2
Total energy intake (kcal/day) 1747 1730 1806 1818 1830 1857
Saturated fat intake (g/day)* 31.5 32.0 32.6 33.0 33.6 344
Fiber intake (g/day)* 22.1 23.6 23.6 235 23.6 23.6
Ever use of oral contraceptives (% [n]) 81.2 (1109)  72.2 (3360) 74.2 (2746) 72.9 (2838) 70.6 (5485) 74.5 (4388)
Breast cancer in Ist degree relative (% [n]) 7.1 (96) 9.9 (458) 9.5 (350) 10.2 (393) 11.3 (871) 10.1 (588)
Postmenopausal (% [n]) 33.8 (462) 64.5 (3009)  65.6 (2433) 67.4 (2626) 73.3 (5708) 67.0 (3953)
Ever use of postmenopausal hormone (% [n]) 12.7 (126) 20.3 (840) 21.6 (716) 21.9 (775) 21.2 (1531) 20.0 (1095)
Age at menarche (years) 13 13 13 13 13 13
Parity (number of children) 2 2 2 2 2 2
Daily tea consumption
No. of participants 2281 7462 5707 3336 5268 3269
Age (years) 53.1 52.3 53.8 54.9 56.4 54.8
High educational level (% [n]) 7.4 (168) 14.8 (1105)  16.1 (916) 19.7 (656) 22.3 (1171) 29.1 (950)
Coffee intake (cups/day) 4.5 3.6 3.6 2.7 2.7 1.5
Soft drinks intake (cups/day) 0.077 0.092 0.077 0.060 0.053 0.040
BMI (kg/m?) 26.0 25.5 25.1 25.0 25.0 24.9
Low physical activity (% [n]) 13.6 (311) 9.3 (692) 8.1 (461) 7.4 (248) 6.1 (322) 7.3 (238)
Current smoker (% [n]) 50.3 (1144)  36.8 (2742)  26.7 (1524) 20.6 (687) 16.9 (889) 17.9 (585)
Alcohol intake (g/week) 17.0 242 239 244 23.9 21.9
Total energy intake (kcal/day) 1751 1827 1813 1813 1828 1785
Saturated fat intake (g/day)* 34.1 337 332 33.1 329 3255
Fiber intake (g/day)* 22.8 22.8 23.3 23.9 24.3 24.6
Ever use of oral contraceptives (% [n]) 69.2 (1577) 77.6 (5777) 73.2 (4175) 71.4 (2375) 69.2 (3640) 72.9 (2382)
Breast cancer in Ist degree relative (% [n]) 10.1 (228) 9.5 (699) 10.9 (618) 9.8 (324) 10.6 (553) 10.3 (334)
Post menopausal (% [n]) 67.3 (1536) 58.7 (4381)  67.6 (3856) 69.4 (2316) 74.2 (3907) 67.1 (2195)
Ever use of post menopausal hormones (% [n]) 18.1 (384) 20.1 (1323)  21.7 (1128) 20.9 (634) 20.5 (994) 21.3 (620)
Age at menarche (years) 13 13 13 13 13 13
Parity (number of children) 2 2 2 2 2 2

All continuous variables are expressed as median, while the categorical variables are expressed as percentages

? Energy-adjusted values

specific groups. Restriction of the analysis to only post-
menopausal breast cancer cases (i.e., diagnosed after the
age of 50 years) also resulted in similar results, despite
additionally adjusting for use of postmenopausal hormones
(results not shown).

Tea intake was associated with risk of breast cancer
neither in the crude analysis nor in the adjusted analysis
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(Table 3). The results did not change with either stratifi-
cation to BMI status, or by restriction of the analysis to
postmenopausal women.

When coffee and tea intakes were combined, the Cox
analysis across the different categories did not show any
significant association with the risk of breast cancer (results
not shown).
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Table 2 Coffee consumption and risk of breast cancer stratified by BMI status

Daily coffee intake n 0 cup 0.1-1.0 cups 1.1-2.0 cups 2.1-3.0 cups 3.1-5.0 cups >5 cups
No. of participants 27,323 1368 4667 3709 3896 7782 5901

Total breast cancers

No. of cases 681 13 110 108 100 198 152

Crude HR 0.47 1.00 1.23 1.00 1.07 1.06

(95% CI) (0.27-0.84) (0.94-1.62) (0.75-1.32) (0.84-1.35) (0.83-1.37)
Adjusted HR 0.86 1.00 1.20 0.93 0.97 0.94

(95% CI)* (0.47-1.59) (0.90-1.60) (0.69-1.25) (0.75-1.25) (0.72-1.24)
Women with BMI <25 kg/m>

No. of breast cancer cases 313 8 44 52 52 95 62
Adjusted HR 1.22 1.00 1.37 1.11 1.20 1.09

(95% CI)* (0.53-2.80) (0.88-2.13) (0.71-1.75) (0.81-1.78) (0.71-1.68)
Women with BMI >25 kg/m?

No. of breast cancer cases 368 5 66 56 48 103 90
Adjusted HR 0.62 1.00 1.12 0.83 0.83 0.84
(95%CD)* (0.24-1.57) (0.76-1.65) (0.55-1.24) (0.59-1.16) (0.59-1.20)

HR hazard ratio, CI confidence interval

* Adjusted to propensity score (based on age, smoking status, educational status, BMI, alcohol intake, energy intake, energy-adjusted saturated
fat intake, energy-adjusted fiber intake, tea intake, physical activity level, ever prior use of oral contraceptives, presence of hypercholesterolemia,

family history of breast cancer, age at menarche, parity, and cohort)

Table 3 Tea consumption and risk of breast cancer stratified by BMI status

Daily tea intake 0 cup 0.1-1.0 cups 1.1-2.0 cups 2.1-3.0 cups 3.1-5.0 cups >5 cups
No. of participants 27,323 2281 7462 5707 3336 5268 3269

All women

No. of breast cancer cases 681 53 195 146 83 128 76

Crude HR 0.84 1.00 0.97 0.91 0.87 0.86

(95% CI) (0.61-1.15) (0.78-1.21) (0.70-1.18) (0.69-1.10) (0.65-1.13)
Adjusted HR 0.74 1.00 0.93 0.90 0.83 0.83
(95%CD)* (0.52-1.05) (0.74-1.17) (0.68-1.19) (0.65-1.06) (0.62-1.11)
Women with BMI <25 kg/m>

No. of breast cancer cases 313 21 93 53 41 67 38
Adjusted HR 0.63 1.00 0.72 0.80 0.86 0.68

(95% CI)* (0.36-1.10) (0.51-1.03) (0.53-1.20) (0.60-1.21) (0.45-1.05)
Women with BMI >25 kg/m?

No. of breast cancer cases 368 32 102 93 42 61 38
Adjusted HR 0.85 1.00 1.13 1.01 0.80 1.03

95% CI)* (0.54-1.33) (0.84-1.54) (0.69-1.48) (0.56-1.13) (0.69-1.54)

HR hazard ratio, CI confidence interval

? Adjusted to propensity score (based on age, smoking status, educational status, BMI, alcohol intake, energy intake, energy adjusted saturated
fat intake, energy adjusted fiber intake, coffee intake, physical activity level, ever use of oral contraceptives, presence of hypercholesterolemia,

family history of breast cancer, age at menarche, parity, and cohort)

The ER/PR status was assessed in about 48% of breast
cancer patients. Among them, 192 were ER+/PR+, 51
were ER+/PR—, and 45 were ER—/PR—. Overall, there
was no association between coffee or tea intake and risk of
breast cancer among the patients with ER+/PR+ tumor.
Adjusted HR for coffee consumers versus non-consumers

was 1.18, 95% CI; 0.37-3.78, while adjusted HR for tea
consumers versus non-consumers was 1.35, 95% CI; 0.77—
2.39.

Since there was a significant attenuation in risk of breast
cancer in relation to coffee consumption following
adjustment with the propensity scores, we proceeded to
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identify which covariate contributed to this effect. We
found that dietary exposures in combination contributed
most to the change in breast cancer risk among coffee
consumers, followed by age, age at menarche, and parity.
Family history of breast cancer, smoking, alcohol, and
physical activity did not contribute to the change in risk
among the coffee drinkers.

In order to avoid spurious reverse associations, we
restricted our analyses to breast cancer cases occurring
after 2 years of follow up. It did not materially change the
observed HRs (not shown).

Discussion

We found no statistically significant association between
coffee or tea consumption and risk of breast cancer. These
results were similar for lean and overweight women as well as
when restricting analysis to postmenopausal breast cancers.

The strength of our study is its prospective nature, the
relatively large sample size involving 27,323 women, and
solid confounder adjustment which accounted for the risk
factors for breast cancer and various lifestyle-related vari-
ables, summarized to a single propensity score and subse-
quently adjusted for. Even though most of the previous
prospective studies adjusted for multiple confounders
mainly age, risk factors of breast cancer, smoking (except
in 1 study [16]), and total energy intake, many did not
adjust for other important nutritional variables such as fiber
intake (except two studies [13, 16]), saturated fat intake,
alcohol intake (except 4 studies [13-16]), or mutually
adjusted coffee for tea intake since these beverages are
inversely correlated (except two studies [13, 14]). Even if
these variables are solely not capable of changing the
hazard ratios for developing breast cancer drastically, they
may in combination confound the association between
coffee or tea intake and risk of breast cancer.

Since the measurement of coffee and tea intake was done
at baseline only, we are uncertain about the effects of par-
ticipants subsequently changing their pattern of coffee/tea
consumption. However, this would only pose a problem if
change in coffee or tea consumption occurred selectively in a
particular group of participants (i.e., those subsequently
developing breast cancer or vice versa), but this is highly
unlikely. Anyhow, we attempted to deal with this problem by
excluding those with prevalent cancer at baseline, and cen-
soring participants with cancer at the time of their diagnosis,
which may have induced change in their dietary habits.

Even though we did not have information on the type of
tea consumed by our study population, we are aware that
the percentage of green tea consumption is very low in the
Western population, where black tea consumption is
dominant. Since there was no information on history of
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prior benign breast disease, we were unable to incorporate
this risk factor of breast cancer into our present analysis.
We also did not have genetic information, e.g., BRCA1 or
BRCA2 mutations.

Findings of previous epidemiological studies on the
association of coffee consumption with breast cancer risk,
however, have been inconsistent and even contradictory,
possibly due to issues of study design and methodology.
Subsequent to the WCRF report in 2007, two large pro-
spective cohort studies revealed that there is no association
between the consumption of these beverages and risk of
breast cancer [15, 16]. Our study is, therefore, valuable
since it further adds concrete and valid evidence to this
finding. However, a recent meta-analysis of 18 studies
showed a weak inverse association between coffee and tea
intake and risk of breast cancer, where the pooled RR for
the highest versus lowest coffee consumption level was
0.95 (0.90-1.00) [35]. Anyhow, it is possible that mis-
classification of coffee consumption may have occurred in
this analysis due to variation in measurement of coffee or
tea intake among studies which probably diluted the
observed effects toward the null value.

Even though animal and cellular studies seem to show
either a protective [23-25] or harmful [21, 22] effect of
coffee and tea in relation to breast cancer, we were not able
to demonstrate this in humans most probably due to higher
doses of coffee/tea constituents used in laboratory studies
or due to differences in causal factors of cancer in humans
and animals [36]. It may also be possible that the counter
effect among various constituents in these beverages leaves
no net effect in humans.

From this study, it seems that the association between
coffee and tea intake and risk of breast cancer is actually
strongly confounded by lifestyle, especially with coffee
where a significant crude HR of 2.25 (95% CI, 1.30-3.90)
comparing consumers versus non-consumers was substan-
tially reduced to 1.17 (0.65-2.12) after adjustment for
lifestyle factors. In fact, this effect of adjustment indicates
that the coffee (or tea) drinking-associated lifestyle seems
important in respect to breast cancer. It is very likely that
the various lifestyle determinants have acted synergisti-
cally in the causal pathway of breast cancer as suggested
from the effect brought about by adjustment with the
propensity score.

As for premenopausal breast cancers, we could not draw
any conclusion since the number of cases was too small to
perform a meaningful analysis. Therefore, we would need a
bigger sample to capture any associations between coffee
or tea intake and the risk of breast cancer among pre-
menopausal women.

In conclusion, our findings support the view that coffee
and tea consumption is not related to the risk of breast
cancer in women.
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