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Abstract

Purpose The effect of tea consumption on breast cancer survival remained to be explored. Meanwhile, green tea favorably
facilitates lipid metabolisms in breast cancer survivors. This study aimed to examine the effect of tea consumption and the
interactions with lipids on breast cancer survival.

Methods A total of 1551 breast cancer patients were recruited between April 2008 and March 2012 and followed up until 31
December 2017 in Guangzhou. The endpoint was progression-free survival (PFS). Hazard ratios (HR) and 95% confidence
intervals (CI) were calculated using multivariate Cox proportional to estimate the associations.

Results PFS was better among women who regularly drank all teas (mainly green tea) except oolong after cancer diagnosis
compared with non-tea drinkers (HR 0.52; 95% CI1 0.29~0.91). This association was more evident among women with nor-
mal (HR 0.38; 95% CI 0.18 ~0.82) than higher (HR 1.22; 95% CI 0.13 ~ 11.82) total cholesterol, though the interaction was
not significant. Moreover, the more they drank (> 7 times/week), the better prognosis was (HR 0.30; 95% CI10.11~0.84). In
contrast, oolong tea was observed to have a potential impaired effect on PFS.

Conclusions Our findings suggested that regularly drinking all teas (mainly green tea) except oolong after diagnosis was
beneficial to breast cancer survival, particularly for women with normal lipids, while oolong tea may have an impaired effect.
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investigated the effect of green tea consumption on breast
cancer survival, among which two studies focused on pre-
diagnostic tea consumption [7, 8]. The diagnosis of cancer
may motivate survivors to alter their lifestyle habits [9], and
post-diagnostic tea consumption characteristics might be
more important for breast cancer prognosis. To date, only
one study has examined the association of post-diagnostic
tea consumption with breast cancer survival, finding that
post-diagnostic tea consumption was associated with better
outcomes [10]. Moreover, this previous study just included
patients with the triple-negative breast cancer and involved
in limited measures of tea consumption. In addition, some
studies have suggested inconsistent effects of tea. For exam-
ple, it was found that pre-diagnostic consumption of black
tea (full fermentation) was not associated with breast can-
cer survival [11], while oolong tea (semi-fermentation) had
impaired impacts on health [12, 13], suggesting that different
types of tea may have various biological effects. To date,
no study has compared the effects of various types of tea
on breast cancer prognosis, particularly for post-diagnostic
consumption of teas.

Furthermore, it was found that green tea favorably modi-
fied lipid metabolisms in breast cancer survivors [14, 15],
while lipids were considered to be closely related to the
prognosis of breast cancer [16, 17], suggesting that tea may
affect the outcomes of breast cancer through regulating lipid
metabolism. However, there is no relevant study to exam-
ine the effect of tea consumption on the prognosis of breast
cancer in combination with lipids.

In the current study, we firstly evaluated the associations
between pre- and post-diagnostic consumption of different
types of tea (as well as the change from pre-diagnosis to
post-diagnosis) and breast cancer survival, and further inves-
tigated whether the associations were modified by blood
lipids in the Guangzhou Breast Cancer Study (GZBCS).

Methods
Study population

A total of 1551 female patients, who were newly pathologi-
cally diagnosed with primary breast cancer between Octo-
ber 2008 and March 2012, were recruited in the GZBCS,
as described previously [18]. Those with a history of other
cancers were excluded. This study was approved by the Eth-
ics Committee of the School of Public Health at Sun Yat-sen
University. Informed consent was obtained from each partic-
ipant before the interviews and the blood samples collection.
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Data collection and variable definitions

Participants were interviewed in-person at baseline by
trained investigators using a structured questionnaire.
The questionnaire contains menstrual and reproductive
history, life styles (physical exercise, smoking, alcohol
consumption, tea consumption, etc.), family history of
cancer, height and weight, and demographic character-
istics. Information on tea consumption was collected by
questions whether they regularly drank tea (drank tea at
least twice a week for more than half a year in lifetime)
and at what age they started regularly drinking, followed
by questions on duration, frequency, brew strength, type,
and amount of tea consumption per month [19].

The blood lipid metabolism measures and clinical char-
acteristics of the breast cancer patients were collected
from medical records and pathological reports. The meas-
ures were classified into two categories: normal (within
the reference range) and abnormal (above the upper limit
of reference value). The range of reference values in dif-
ferent hospitals were as follows: 0.33 ~1.70 mmol/L,
0.31 ~2.30 mmol/L, 0.20~1.70 mmol/L
for triglyceride (TG), 3.10~5.70 mmol/L,
2.90 ~6.00 mmol/L, 2.10 ~6.47 mmol/L for total cho-
lesterol (TC), 1.94~3.61 mmol/L, 1.30 ~3.60 mmol/L,
2.20 ~3.40 mmol/L for low-density lipoprotein choles-
terol (LDL-C) in the First Affiliated Hospital, the Second
Affiliated Hospital, and the Cancer Center of Sun Yat-sen
University, respectively. The status of estrogen receptor
(ER), progesterone receptor (PR), and human epidermal
growth factor receptor 2 (HER2) of breast cancer tissues
was determined by pathologists using immunohistochemi-
cal tests. Detailed definitions of ER, PR, and HER2 status
were previously described in detail [20].

Follow-up

The patients were followed up at least every 3 months dur-
ing the first year, and every 6 months during the second
and the third year; thereafter, patients were followed up
once every year until death or January 31, 2016; some
of those who were lost were followed up again in 2017.
A total of 1422 (91.7%) breast cancer patients were
successfully obtained with a median follow-up time of
58.58 months. The means of follow-up included phone
call, correspondence, and outpatient visit. The follow-up
information included survival statuses (recurrence, metas-
tasis, death, or newly diagnosed diseases), updated contact
information, post-diagnostic life style (physical exercise,
sleep, tea consumption, etc.), and treatment information.
The endpoint for this study was progression-free survival
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(PFS), calculated from diagnosis to the date of recur-
rence, metastasis, or death; the patients still alive without
progression have been censored at the latest date of their
follow-up.

Statistical analysis

Student ¢ test and Chi square test were used to analyze the
difference of demographic factors and clinical characteristics
between tea consumption and non-tea consumption groups
at baseline. We also evaluated the associations of demo-
graphic and clinical characteristics with breast cancer PFS
(Supplementary Table 1), so as to determine the potential
confounders. Then, Cox proportional hazards regression
models were used to estimate the association between pre-
and post-diagnostic tea consumption and the risk of PFS
with hazard ratio (HR) and 95% CI, adjusting for age at
diagnosis, education, menopausal status, ER and HER?2 sta-
tuses, and clinical stage. We also evaluated the change from
pre-diagnostic to post-diagnostic tea consumption behavior
and the effect of such change on breast cancer PFS, using
McNemar test and adjusted Cox proportional hazards mod-
els, respectively. Stratified analyses were further performed
to assess whether the associations between post-diagnostic
tea consumption and breast cancer PFS were modified by
lipids. Interactions between these studied factors on the
survivals were estimated by the product terms in the Cox
regression models. All statistical tests were two-tailed with

P <0.05 considered to be significant. Statistical analyses
above were conducted by SPSS, version 23.0.

Results

Demographic characteristics and the associations
with tea consumption at baseline

A total of 1551 patients were included in this analysis. The
mean age at diagnosis was 48.25 (SD=11.38) years old.
Baseline characteristics of tea drinkers and non-tea drinkers
were shown in Supplementary Table 2. Tea consumption
patients were more likely to have normal BMI, later age
at menarche, and lower clinical stage, while other charac-
teristics were shown no significantly associations with tea
consumption.

Association of tea consumption with breast cancer
PFS

Pre-diagnostic tea consumption

Overall, 40% of women (575 cases) reported tea drinking
regularly at the baseline survey, with a median of 15 years
tea consumption duration. Compared with non-tea drinkers,
regular tea consumption at baseline was not associated with
breast cancer PFS (HR 1.13; 95% CI 0.78 ~ 1.31); neither
were other characteristics of tea drinking (Table 1).

Table 1 Univariate and multivariate COX regression analyses for tea consumption with breast cancer PFS

Variables Baseline Post-diagnosis
Total Events HR (95% CI)* HR (95% CI)° Total Events HR (95% CI)* HR (95% CI)°
Tea consumption
No 852 165 1.00 (reference) 1.00 (reference) 592 77 1.00 (reference) 1.00 (reference)
Yes 575 108 1.13(0.86~1.48) 1.13(0.86~1.48) 317 23 0.53 (0.33~0.85) 0.64 (0.40~1.05)
Type of tea consumed
Non-tea drinkers 852 165 1.00 (reference) 1.00 (reference) 592 77 1.00 (reference) 1.00 (reference)
Green tea 172 33 1.01 (0.69~1.46) 1.17 (0.78~1.76) 77 3 0.27 (0.09~0.86) 0.33 (0.10~1.05)
Black tea 54 13 1.24 (0.70~2.17)  1.00 (0.51~1.97) 25 1 0.29 (0.04~2.08) 0.32 (0.05~2.35)
Oolong tea 135 27 1.07 (0.71~1.62) 1.41(0.91~2.18) 50 7 1.07 (0.49~2.32)  1.32 (0.60~2.90)
Green tea and black tea 59 8 0.68 (0.33~1.38) 0.66 (0.27~1.61) 43 3 0.52 (0.16~1.64) 0.72 (0.22~2.32)
Pu-erh 60 10 1.00 (0.53~1.89) 1.08 (0.55~2.13) 39 2 0.35(0.09~1.41) 0.45(0.11~1.85)
Other types of tea 90 17 0.95 (0.58~1.57) 1.11 (0.66~1.88) 63 4 0.49 (0.18~1.33) 0.61 (0.22~1.68)
Type of tea consumed (reclassified)
Non-tea drinkers 852 165 1.00 (reference) 1.00 (reference) 592 77 1.00 (reference) 1.00 (reference)
Green tea and others 440 81 0.96 (0.74~1.26) 1.05(0.79~1.42) 267 16 0.44 (0.25~0.75)  0.52 (0.29~0.91)
Oolong tea 135 27 1.07 (0.71~1.61)  1.41 (0.91~2.19) 50 7 1.07 (0.49~2.32)  1.32 (0.60~2.90)

2The univariate COX model

"The multivariate COX model, adjusted for age at diagnosis, education, menopausal, clinical stage, ER status, HER?2 status; Bold character indi-
cate statistically significant result
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Post-diagnostic tea consumption

The proportion of post-diagnostic tea drinking was 35%
(317 patients), with a median of 45 months tea consump-
tion duration. Over a median of 58.58 months of follow-up,
a total of 100 patients experienced breast cancer progres-
sion. As shown in Table 1, the regular tea drinkers had a
marginal significant reduced risk of progression (HR 0.64;
95% CI 0.40 ~ 1.05) compared with non-tea drinkers. As for
the types of tea drinking, non-significant reduced risks of
progression were observed among the patients who drank
green tea or other types of tea excluding oolong. The asso-
ciation became significant with adjusted HR of 0.52 (95% CI
0.29~0.91) when all teas (mainly green tea) except oolong
were combined, while oolong tea was associated with a
non-significant increased risk of progression (HR 1.32; 95%
CI 0.60 ~2.90). Thus, patients who drank oolong tea were
excluded from subsequent analyses.

A higher frequency (=7 times/week) of tea drinking was
associated with a better breast cancer prognosis compared

with non-tea drinkers (HR 0.30; 95% CI 0.11 ~0.84), while
the tea strength seemed not associated with the progression,
as shown in Table 2. For green tea only, the results were
similar (Supplementary Table 3). We further conducted
stratified analyses by menopausal status and clinical-patho-
logical characteristics but no significant interaction between
tea consumption and these factors on the progression was
found (Supplementary Table 4); similar results occurred for
green tea only (Supplementary Table 5).

We subsequently evaluated the association between
changing patterns from pre-diagnostic to post-diagnostic tea
consumption and breast cancer PFS (Table 3). In this study,
34.1% breast cancer patients altered tea consumption behav-
ior following their diagnosis (Supplementary Table 6). Com-
pared with those who never drink tea, there was a decreased
risk for progression among those who kept all teas except
oolong drinking before and after diagnosis (HR 0.31; 95%
CI0.11~0.87), whereas women who ever drank oolong tea
were associated with a potential increased risk of progres-
sion (HR 2.04; 95% CI 0.79 ~5.25 and HR 1.69; 95% CI

Table 2 Associations between

Variables Baseline Post-diagnosis
green tea and other types of tea
consumption characteristics and Total Events HR (95% CI)* Total Events HR (95% CI)*
breast cancer PFS
Strength of prepared tea
Non-tea drinkers 852 165 1.00 (reference) 592 77 1.00 (reference)
Weak 134 24 0.99 (0.63~1.58) 100 5 0.43 (0.17~1.07)
Medium 224 42 1.04 (0.71~1.51) 103 5 0.47 (0.19~1.18)
Strong 68 13 1.27 (0.68~2.37) 18 2 0.87 (0.21~3.60)
P for trend 0.788 0.015
Tea consumption frequency
Non-tea drinkers 852 165 1.00 (reference) 592 77 1.00 (reference)
<7 times per week 146 26 0.97 (0.61~1.54) 114 8 0.64 (0.30~1.34)
>7 times per week 282 53 1.11 (0.79~1.56) 110 4 0.30 (0.11~0.84)
P for trend 0.471 0.021

#The multivariate COX model, adjusted for age at diagnosis, education, menopausal, clinical stage, ER sta-
tus, HER?2 status; Bold character indicate statistically significant result is missing

Table 3 Associations between the change of tea consumption over diagnosis and breast cancer PFS

Baseline tea consumption

Post-diagnostic
tea consumption®

No. of patients

Progression-free survival

No. HR (95% CI)® HR (95% CI)®
Non-tea drinkers Non-tea drinkers 432 53 1.00 (reference) 1.00 (reference)
Green tea and others Non-tea drinkers 106 15 1.19 (0.67~2.11) 1.77 (0.97~3.23)
Oolong tea Non-tea drinkers 31 5 1.43 (0.57~3.58) 2.04 (0.79~5.25)
Non-tea drinkers Green tea and others 91 7 0.58 (0.27~1.28) 0.70 (0.30~1.65)
Green tea and others Green tea and others 132 4 0.23 (0.08 ~0.64) 0.31 (0.11~0.87)
Oolong tea Green tea and others 38 5 1.16 (0.46~2.90) 1.69 (0.67~4.30)

aGreen tea and other types of tea consumption excluding oolong tea

"The multivariate COX model, adjusted for age at diagnosis, education, menopausal, clinical stage, ER status, HER?2 status; Bold character indi-

cate statistically. Significant result

@ Springer



Breast Cancer Research and Treatment (2019) 176:679-686

683

0.67 ~4.30 for those from pre-diagnostic oolong tea drinking
to either no tea drinking or all teas except oolong drinking,
respectively).

Joint effects of lipids and post-diagnostic tea
consumption on breast cancer PFS

The association of lipids with breast cancer PFS were shown
in Table 4. A higher blood TC was associated with a worse
PFS of breast cancer (HR 1.72; 95% CI 1.14~2.60). There
was no significant association for TG or LDL-C with the
outcome.

Given that tea consumption may affect the metabolism
of lipids, we assessed the joint effects of post-diagnostic tea
consumption and lipids on breast cancer PFS. It turned out
that the effect of tea drinking looked opposite among those
with normal (HR 0.38; 95% CI 0.18 ~0.82) and higher (HR
1.22;95% CI 0.13~11.82) blood TC (Table 5), though no
significant interaction was observed. Similarly, the protec-
tive effect was limited to patients with normal blood lipids
for green tea only (Supplementary Table 7). In addition,
mediation analysis did not demonstrate any effect of the
lipid factors on the association between tea drinking and
the progression (Supplementary Table 8).

Discussion

In the present study, we found that women who regularly
drank all teas (mainly green tea) except oolong after can-
cer diagnosis had a better prognosis compared with non-tea
drinkers. The more tea they drank (> 7 times/week), the bet-
ter prognosis of breast cancer they got; women who main-
tained all teas except oolong drinking before and after diag-
nosis had a lower risk of progression, whereas women who
drank oolong tea might have a poor prognosis. In addition, a

higher blood TC was associated with a worse PFS of breast
cancer and there was a possible differential effect of tea
drinking on the progression between the women with nor-
mal and higher TC.

Epidemiological data regarding the relation between
green tea consumption and breast cancer survival are lim-
ited. Two Japanese studies and a meta-analysis for these two
studies suggested that an increased consumption of green
tea before diagnosis was associated with a reduced risk of
recurrence for early stage breast cancer [7, 8, 21]. Mean-
while, in a Chinese cohort with triple-negative breast cancer,
areduced risk of mortality was observed for post-diagnostic
green tea consumption [10]. In the present study, we con-
firmed this previous finding and further found that there was
a dose—effect relationship of breast cancer prognosis with
the frequency of tea consumption. This dose—effect rela-
tionship of green tea had been observed for breast cancer
incidence [22, 23]. In addition, the result that maintenance
of green tea intake behavior after diagnosis of breast cancer
was beneficial to the survival also supported the protective
effect of green tea on the prognosis (Table 3). It should be
noted that although the association of green tea consump-
tion as a dichotomous variable (yes vs no) with breast cancer
prognosis was not significant after adjusting for potential
confounders, the effect was towards a better prognosis (HR
0.33;95% CI 0.10~1.05), implicating that the semiquantita-
tive analysis, from which the results were significant, was
more sensitive.

We observed a harmful effect of higher TC on breast can-
cer PFS, which was consistent with the results from most
previous studies [24-27]. For example, Tartter et al. found
that in breast cancer patients with higher serum TC levels,
disease-free survival decreased [26]; Liu et al. showed that
higher serum level of TC was an independent risk factor for
distant metastasis of breast cancer [25]; Bahl et al. also indi-
cated an adverse effect of TC on breast cancer recurrence,

Table 4 Associations of lipids

. Variables No. of patients Progression-free survival
with breast cancer PFS
No. HR (95% CI)* HR (95% CI)°
Blood triglyceride
Normal 900 182 1.00 (reference) 1.00 (reference)
Higher than normal value 140 33 1.29 (0.89~1.88) 1.27 (0.83~1.93)
Blood total cholesterol
Normal 902 177 1.00 (reference) 1.00 (reference)
Higher than normal value 139 39 1.63 (1.15~2.30) 1.72 (1.14~2.60)
Blood LDL-C
Normal 745 147 1.00 (reference) 1.00 (reference)
Higher than normal value 297 69 1.21 (0.91~1.61) 1.25 (0.88~1.78)

2The univariate COX model

The multivariate COX model, adjusted for age at diagnosis, education, menopausal, clinical stage, ER sta-
tus, HER?2 status; Bold character indicate statistically significant result
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Table 5 Joint associations
between tea consumption after
diagnosis and lipids with breast

Characteristics

Tea consumption® No. of patients Progression-free survival

No. HR (95% CI)

cancer PFS
Blood triglyceride

Normal

Higher than normal value

P for multiplicative interaction
Blood total cholesterol

Normal

Higher than normal value

P for multiplicative interaction
Blood LDL-C

Normal

Higher than normal value

P for multiplicative interaction
Lipid metabolism

Normal

One of indexes is high

P for multiplicative interaction

No 342 50 1.00 (reference)
Yes 176 11 0.50 (0.25~1.00)
No 55 8 1.00 (reference)
Yes 13 0
0.962
No 353 53 1.00 (reference)
Yes 161 8 0.38 (0.18~0.82)
No 45 1.00 (reference)
Yes 28 3 1.22 (0.13~11.82)
0.634
No 301 48 1.00 (reference)
Yes 128 7 0.38 (0.17~0.88)
No 98 11 1.00 (reference)
Yes 61 6 0.44 (0.11~1.81)
0.880
No 262 42 1.00 (reference)
Yes 116 7 0.47 (0.21~1.09)
No 137 17 1.00 (reference)
Yes 72 4 0.41 (0.12~1.45)

0.758

4Green tea and other types of tea consumption excluding oolong tea

bAdjusted for age at diagnosis, education, menopausal, clinical stage, ER status, HER?2 status; Bold charac-
ter indicate statistically significant result

but TG was not associated with outcome [24]. We further
found that the associations of green tea consumption and
breast cancer prognosis were more evident among women
with normal TC level than higher TC level. It was observed
that green tea induced hypolipidemic and antiproliferative
effects by regulating PI3 K/Akt/Sp-1 signal transduction
pathway in MCF-7 breast cancer cells [28] and affected
lipid rafts-associated signaling pathways in cancer cells
[29, 30]. Meanwhile, cholesterol is a major component of
lipid rafts, which can serve in human cancer development as
platforms for several signaling cascades, including Ras, Akt,
and Src signaling [31, 32]. Therefore, green tea components
and cholesterol may interact to inhibit the signaling events
involved in breast cancer development; elevated cholesterol
could partially inhibit the tea effects on signaling [29], which
might offset the protective effect of tea. However, the exact
mechanisms remained to be explored.

It is worth noting that oolong tea was observed to
have a potential impaired effect on breast cancer progno-
sis. Oolong tea was also found to have adverse effect on
health in early reports: a case—control study conducted in

@ Springer

southern Taiwan suggested that oolong tea consumption
was associated with an increased risk of bladder cancer
[13]; John et al. suggested that concentrated oolong tea
may associate with Transient Ischemic Attack-Like effects
[12]. The possible different impacts of green and oolong
tea may be due to the variety of components. Compared
with green tea, oolong tea contains less catechins and
flavonoids [33] which contribute to the anticarcinogenic
properties of tea [34, 35], and more caffeine which may
produce negative effects such as nervousness, restlessness,
sleep disorders, and headaches [4]. About 30% catechins
and 20% proanthocyanidins were oxidized in the manufac-
ture of oolong tea from fresh tea shoots, and 20% of total
flavonoids were decomposed in a follow-up drying process
[36]. Besides, oolong tea may contain several unique com-
ponents resulting from the fermentation protocol, such as
oolongtheanin, oolonghomobisflavans, and 8-ascorbyl epi-
gallocatechin gallate [37], which may have adverse effects
on health. However, some studies indicated that oolong tea
was beneficial to health. For example, oolong was found
to have protective effect on the risk of lung cancer [38];
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Mineharu et al. found that oolong tea could reduce risk of
mortality from cardiovascular disease [39]. Nevertheless,
the health impact of oolong tea was controversial and fur-
ther studies with larger sample size are warranted.

There were some limitations in this study. First, tea con-
sumption behaviors were self-reported, which inevitably
resulted in recall bias. However, women in this study were
not likely to know the study hypothesis, and misclassifica-
tion due to recall bias occurred equally in patients with bet-
ter and worse outcomes. This non-differential exposure mis-
classification was likely to reduce test power and bias study
estimators towards the null [40]. Second, the longitudinal
study method was hard to avoid loss to follow-up. However,
we tried various ways to reduce the missing rate and the
characteristics were no difference between the follow-up
group and the lost group. Third, the prevalence of tea con-
sumption stratified by types was low and some of the poten-
tial relationships may not be found. Fourth, the exclusion of
patients who drank oolong tea was decided post hoc based
on a review of the primary results, potentially resulting in a
selection bias. However, this bias may be neglected because
the distributions of the demographic and clinicopathologi-
cal characteristics were not significantly different between
the original entire population and the excluded subgroup
(data not shown). Finally, although breast cancer specific
mortality or overall mortality is also suitable endpoint for
prognostic study, the number of death was too few to make
so many comparisons while the progressed cases were rela-
tively more and only PFS was applied in the present study.

In conclusion, our data qualitatively and quantitatively
confirmed the beneficial effect of post-diagnostic green tea
consumption on breast cancer survival. Moreover, it was
suggested that green tea consumption would confer more
benefit to the breast cancer patients with normal lipids. More
studies on the possible adverse impact of oolong tea are
warranted.
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