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ABSTRACT

Background. The study investigated the relationship between dietary intake of polyphenols and inflammatory markers:
CRP, neutrophil/lymphocyte ratio (NLR), platelet/lymphocyte ratio (PLR), medium platelet volume/lymphocyte ratio
(MPVRL), in newly-diagnosed breast cancer patients.

Objectives. The aim of this work was to verify whether diet rich in plant polyphenols affects inflammatory markers in
breast cancer patients.

Materials and methods. 78 patients (55.3£14.5 years) treated surgically for breast cancer were studied.
A modified FFQ and authorial worksheet based on the Phenol Explorer database was used to measure the amount of
plant polyphenols in a diet. Basing on the median of polyphenols intake (1780 mg/day), the group was divided into two
subgroups: low- and high- dietary intake of polyphenols (LDIP and HDIP, respectively). Plasma CRP level was measured
and NLR, PLR and MPVLR were calculated using results from peripheral blood morphology.

Results. LDIP was associated with significantly higher CRP (elevated in 34.5% LDIP patients vs. 8.3% HDIP, p<0.003),
NLR (elevated in 46.2% LDIP patients vs. 25.6% HDIP, p<0.006) and PLR level (elevated in 25.6% LDIP patients vs.
12.8% HDIP, p<0.03). MPVLR was not significantly different between both the subgroups.

Conclusion. High dietary intake of polyphenols remarkably reduced process of inflammation in breast cancer patients,
which has important clinical implications. The study demonstrated also an usefulness of simple, cheap and commonly
available biomarkers for monitoring anti-inflammatory effects of diet.

Keywords: polyphenols, diet, breast cancer, inflammation, inflammatory markers

STRESZCZENIE

Wprowadzenie. Badano zalezno$¢ pomigdzy pobraniem polifenoli wraz z dietg a poziomem markeréw stanu zapalnego:
CRP, wskaznika neutrofile/limfocyty (NLR), plytki/limfocyty (PLR) oraz $rednia objgtos¢ ptytek/limfocyty (MPVLR)
wsrod nowo zdiagnozowanych pacjentek z rakiem piersi.

Cel. Celem pracy bylo zweryfikowanie czy dieta bogata w polifenole roslinne wptywa na parametry stanu zapalnego u pa-
cjentek z rakiem piersi.

Materialy i metody. Do badania wiaczono 78 pacjentek (55.3+14.5 lat) klasyfikowanych do leczenia chirurgicznego raka piersi.
Do oszacowania zawartosci polifenoli w diecie uzyto zmodyfikowanego zwalidowanego FFQ i autorskiego arkusza opartego na
bazie Phenol Explorer. Po wyliczeniu median spozycia polifenoli (1780mg/dobe), podzielono pacjentki na dwie grupy: niskiego
i wysokiego spozycia polifenoli (odpowiednio LDIP I HDIP). Zmierzono stezenie CRP oraz na podstawie wynikéw morfologii
krwi obwodowej wyliczono wskazniki NLR, PLR oraz MPVLR

Wyniki. W grupie z nizszym pobraniem polifenoli zaobserwowano znaczaco wyzsze wartosci CRP (podwyzszone u 34.5% vs
grupa wysokiego spozycia 8.3%, p<0.003), NLR (podwyzszone w 46.2% vs 25.6%, p<0.006) oraz poziom PLR (podwyzszone
u25.6% vs 12.8%, p<0.03). Wartosci MPVLR nie roznily si¢ istotnie pomigdzy podgrupami.

Whioski. Wysokie spozycie polifenoli znaczaco redukowato proces zapalny u pacjentek z rakiem piersi, co ma znaczace
implikacje kliniczne. Badanie przedstawito réwniez uzytecznos¢ prostych, tanich i powszechnie dostgpnych biomarkeréw
do monitorowania przeciwzapalnego wptywu diety.

Stowa kluczowe: polifenole, dieta, rak piersi, stan zapalny, markery zapalenia
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INTRODUCTION

Among females, breast cancer is the most commonly
diagnosed cancer and the leading cause of cancer
death [2], hence many scientists struggle to improve an
effectiveness of breast cancer therapy and limit its side
effects [33]. Major factors that increase the occurrence
of that disease are alcohol consumption and overweight.
Protective activity have lactation, physical activity and
probably fruits, vegetable, soy and fish consumption.
Nutrients as folate, calcium, vitamin D and fiber have also
been taken into consideration [10]. A number of studies
suggest that plant polyphenols play a protective role in
carcinogenesis [9, 14, 24]. The risk of BC is significantly
decreased among both pre- and post-menopausal
women with high polyphenol intake [6, 9, 14]. The
biological activity of polyphenols is manifested through
several potential mechanisms: removing free radicals
and increasing their dismutation to substances with
lower activity [16, 19], modulation of immunological
function and inhibition cancer initiation, promotion and
progression, as well as platelet aggregation. There are
studies indicating an anti-cancer activity of green tea
and hawthorn fruit polyphenols as well as ellagic acid
by performing cytostatic activity [16]. Concerning these
potential activities, a diet rich in plant polyphenols can be
very beneficial and may improve the treatment efficacy
of cancer [5, 9, 14].

There are many publications reporting the positive
effect that plant polyphenols have on reducing CRP level
[3, 20, 23]. Low-grade inflammation is characterized
by elevated concentrations of inflammatory markers:
plasmatic (C-reactive protein) and cellular (leukocyte
and platelet counts and in neutrophil/lymphocyte ratio -
NLR) in the absence of any overt symptoms is recognized
as a risk factor for a number of chronic diseases including
cancer [1]. It is now widely accepted that chronic
inflammation is closely associated with the process of
cancer development. In the large study, effectiveness of
inflammatory markers in predicting prognosis in 2374
women with BC was analysed, where NLR and PLR
were found to be independent markers of prognosis in
breast cancer, however further studies are needed in
patients with overexpression of HER-2 [28].

In general, blood tests based on granulocyte, platelet
and lymphocyte counts have identified a relationship
between with poor prognosis in patients with BC and
elevated NLR and PLR [29, 32]. Higher NLR correlates
with decreased 5-year survival, greater tumour size, higher
grading and metastasis occurrence. Higher PLR is known
as a factor enhancing breast cancer risk. An preoperative
PLR can be used as an independent prognostic marker for
survival in breast cancer patients [12]. Additionally, when
PLR was higher than 185, reduced 5-year survival was
observed [11]. One recently-described factor is MPVLR
(mean platelet volume/lymphocyte ratio). However, while

it is assumed to be a prognostic factor in CVD, further
data is required to confirm this fact [8]. A review by
Bonaccio et al., including MOLI-SANI study data, found
that dietary polyphenol intake may reduce NLR, PLR
and CRP values and protect against cancer [1]. Currently,
there is no data, however, on the suitability of those simple
inflammatory markers to monitor anti-inflammatory
action of polyphenol-rich diet in breast cancer patients.

In response to the growing body of evidence
concerning the anti-cancer and anti-inflammatory
properties of dietary polyphenols, the aim of the
present study was to determine whether a high
dietary intake of polyphenols reduces the level of
inflammatory markers in breast cancer patients. We
analysed and compared CRP, PLR, NLR and MPVLR
in two subgroups of breast cancer patients having low-
or high dietary intake of polyphenols.

MATERIAL AND METHODS

Patients

A group of 78 breast cancer patients was studied
(55.3+£14.5years). Patient recruitment was conducted
in the Department of Surgical Oncology and Breast
Diseases in Polish Mother’s Memorial Hospital Research
Institute. The inclusion criteria were as follows: the
presence of loco-regional non-metastatic BC confirmed
by histopathology; no previous oncological treatment.
The exclusion criteria comprised the patient following an
alternative diet (e.g. rigorous low-calorie diets, vegetarian
diet, elimination diets) or taking medicines containing
acetylsalicylic acid or other anti-platelets agents two
weeks or shorter before the examination.

Patients were informed about the aim of the
experiment and the potential risk associated with
blood donation. All participants confirmed voluntary
and conscious participation in the study.

For calculating cut off values of inflammatory
markers, we used data coming from healthy reference
group (n=102) from our previous study [18].

Laboratory tests

Blood morphology (Sysmex XN-2000 automated
haematology analyser, Sysmex Corporation, Kobe, Japan)
results and CRP concentration (VITROS CRP Slide
method, Ortho-Clinical Diagnostics, Inc, Rochester, NY,
USA) were obtained from the hospital laboratory. On the
basis of blood morphology data, the following markers
(indexes) were calculated: PLR (platelet/lymphocyte
ratio), NLR (neutrophil/lymphocyte ratio) and MPVLR
(medium platelet volume/lymphocyte ratio).

Dietary questionnaire and the estimation of
phenolic compounds intake

To estimate the nutritional value of a diet,
including the vegetable phenolic compound content,
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a validated Food Frequency Questionnaire (FFQ)
was used [7]. The data was entered into an authorial
worksheet to estimate the content of the vegetable
phenolic compounds. The worksheet was based on
data from Phenol Explorer, a comprehensive database
containing information about the quantity of 501
vegetable phenolic compounds (classified in six classes
and 31 sub-classes) in 459 eatables. The products
are classified into nine classes and 67 sub-classes.
The common English name, French name, botanical
family, scientific name, number of polyphenols and
their medium quantity are given for each product,
together with references for each substance.

The worksheet included the following classes: total
quantity of vegetable phenolic compounds, flavonoids
(alkylphenols, flavons, flavanols, catechins, procyanidins,
antocyanins, teaflavins, dihydrochalcones, isoflavonoids),
flavan-3-ols, phenolic acids (hydroxybenzoic acid,
hydroxycynnamic acid), stilbenes and lignans.

Statistical analysis

Analyses were done with StatsDirect statistical
software, version 2.7.8 (StatsDirect Ltd, Altrincham,
UK). The results of inflammatory markers in patients
are presented as the percentage of patients above
the cut-off point (calculated separately for each
inflammatory marker). Significance of differences
were analysed using Fisher s exact test. Cohen s kappa
coefficient was calculated as a measure of agreement.
A kappa statistic value of <0.4 represents poor-to-fair
agreement, a value of 0.41-0.60 reflects moderate
agreement, a value of 0.61-0.80 is considered good
agreement, and a kappa value of 0.81-1.0 is considered
very good agreement.

RESULTS

Dietary intake of polyphenols

Using a validated FFQ, the dietary intake of
polyphenols [7] was determined in the total of 78
middle-aged women with newly-diagnosed breast
cancer. The median of total polyphenol intake was
1780 mg per day. Using this value as the cut-off, the
whole group of breast cancer patients was divided into
a high dietary intake of polyphenols (HDIP) group
(n=39) and low dietary intake of polyphenols (LDIP)
group (n=39). The most abundant polyphenol sources
in total breast cancer population were tea (52.7%),
coffee (18.4%), fruits (11.4%), vegetables (6.7%),
juices (6.1%), cereal products (2.5%), chocolate
(2.1%), seeds and oils (0.2%).

All the participants were receiving breast-
conserving surgery or breast radical surgery as their first
oncological treatment. The participating women were
classified as follows: premenopausal (regular menstrual
cycles in the past three months), postmenopausal (no

menstrual period for over one year), were older than 55
years or had surgical menopause. Participants in both
subgroups were well balanced according to age, BMI,
smoking status, menopausal status, disease duration
or family history of breast cancer. Breastfeeding was
found to be significantly longer among the HDIP
group of patients. No significant differences were
found between HDIP and LDIP groups concerning
the following tumour features: tumour grade, HER2
status, hormonal receptor status, Ki-67 status. The
only differences between the HDIP and LDIP groups
were in haemoglobin level and leukocyte count. The
characteristics of the patients in HDIP and LDIP
subgroups are shown in the Table 1.

Inflammatory markers: cut-off points

Cut-off values were defined based on inflammatory
markers: plasmatic (C-reactive protein) and cellular
(PLR, NLR and MPVLR) measured in the group of
healthy volunteers not taking anti-inflammatory drugs
(n=102) [18]. Cut-off values were defined as 95th
percentile of CRP, NLR, PLR and MPVLR. The values
exceeding cut-off values were regarded as ‘elevated’
(over the normal range indicating higher inflammatory
status) (Table 2).

Inflammatory markers in breast cancer patients
Overall, a total group of breast cancer patients
(HDIP and LDIP together) (n=78) was characterised by
significant rise of all the inflammatory markers studied
(CRP, NLR, PLR, MPVLR) in comparison with the
control group (healthy subjects, n=102) (Figure 1).

Breast cancer Control
CRP p<0.01
NLR p<0.003
PLR p<0.0001
MPVLR :] p<0.0001
50 40 30 20 10 0 10 20 30 40 50

Inflammatory markers [%)]

Figure 1. The comparison of plasma inflammatory markers
(CRP) and cellular inflammatory markers (NLR,
PLR, MPVLR) between breast cancer patients
(n=78) and control group (n=102).

The results of inflammatory markers are presented as the percent-
age of individuals above the cut-off point. Cut-off values: CRP>0.5
mg/L, NLR>3.0, PLR>207.0, MPVLR>6.8. Significance of differ-
ences were analysed using Fisher’s exact test. CRP: C-Reactive
Protein, NLR: neutrophil-to-lymphocyte ratio, PLR: platelet-to-
lymphocyte ratio, MPVLR: mean platelet volume-to-lymphocyte
ratio.
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Table 1. Characteristics of breast cancer patients (n=78) divided into subgroups with high- and low dietary intake of

polyphenols
. High dietary intake of polyphenols Low dietary intake of polyphenols P
Variable N B
n=39 n=39 value
Dietary intake of polyphenols [mg/day] 2230 (1923-2394) 1275 (988-1541) <0.001
Age (years) 56.9+14.1 53.8+14.9 ns
BMI 26.9+3,97 27.1+4.64 ns
Gl 3 2 ns
G2 16 18 ns
Tumour grade G3 7 4 ns
Unknown 13 15 ns
Positive 2 4 ns
HER?2 status Negative 15 15 ns
Positive 14 15 ns
ER status Negative 6 3 ns
Positive 13 14 ns
PR status Negative 7 4 ns
Ki-67 [%] 40 36 ns
Postmenopausal 27 26 ns
Menopausal status Pre-menopausal 12 13 ns
Breast cancer in Yes 12 15 ns
family No 27 24 ns
Haemoglobin (g/dL) 14.09+4.37 13.02+1.37 ns
Leukocyte count (x 10%/L) 6.88£1.69 7.67£2.03 ns
Granulocyte count (x 10°/L) 4.34£1.40 5.08+1.80 <0.04
Lymphocyte count (x 10°/L) 1.96+0.72 1.78+0.71 ns
Platelets count (x 10°/L) 236.54+59.5 251.2436.7 ns
Mean platelet volume (fL) 11.03£1.02 10.99+0.83 ns

Continuous data are presented as mean +SD or median (interquartile range).

Categorical data are presented as absolute numbers of patients.

Significance of differences were analyzed using Mann-Whitney U test (continuous data) or Fisher s exact test (categorical data).

The elevation of the three parameters: CRP, NLR
and PLR was found in LDIP subgroup in comparison
with HDIP subgroup of breast cancer patients (Figure 2).
The values for MPVLR were 7.1+2.7 for LDIP vs.
6.74£3.9 for HDIP (NS).

LDIP HDIP
CRP p<0.003
NLR p<0.02
PLR p<0.04
50 40 3 20 10 0 0 10 20 30 40 50

Inflammatory markers [%]

Figure 2. The comparison of plasma inflammatory markers
(CRP) and cellular inflammatory markers (NLR,
PLR, MPVLR) between breast cancer patients
with high dietary polyphenols intake (HDIP)
(n=39) and breast cancers with low dietary poly-
phenols intake (LDIP) (n=39).

The results of inflammatory markers are presented as the percentage
of individuals above the cut-off point. Cut-off values: CRP>0.5 mg/L,
NLR>3.0, PLR>207.0. Significance of differences were analysed using
Fisher’s exact test. CRP: C-Reactive Protein, NLR: neutrophil-to-lym-
phocyte ratio, PLR: platelet-to-lymphocyte ratio. HDIP - high dietary
polyphenols intake, LDIP - low dietary polyphenols intake.

Agreement between selected inflammatory markers
and polyphenol dietary intake

A significant association was found between CRP,
NLR, PLR but not MPVLR and total polyphenol
intake. The highest agreement rate was found for CRP.
Agreement between results was assessed using Cohen s
kappa test and are presented in Table 3. Concordance
between polyphenol intake and inflammatory markers
was in the poor to fair range but reached a level of
statistical significance.

DISCUSSION

The aim of this study was to find whether the
high polyphenol intake can limit rate of inflammation
in breast cancer (BC) patients. We measured CRP
and calculated PLR, NLR, MPVLR on the basis of
laboratory results of blood morphology and compared
the values of these inflammatory markers in two
subgroups of breast cancer patients with either low-
or high- phenolic dietary intake. All the inflammatory
markers studied, with the exception of MPVLR, were
found to be remarkably reduced in the group receiving
a high dietary intake of polyphenolic compounds.
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Table 2. Cut-off values of inflammatory markers obtained from population of healthy subjects (n=102)
CRP
Cut-off value >0.5 mg/L >3.0 >207.0

Cut-off values were calculated as 95th percentiles of the inflammatory markers in healthy subjects (control, n=102).
CRP: C-Reactive Protein, NLR: neutrophil-to-lymphocyte ratio, PLR: platelet-to-lymphocyte ratio, MPVLR: mean platelet volume-to-
lymphocyte ratio.

Marker NLR PLR MPVLR

>6.8

Table 3. Agreement between elevated inflammatory markers and low dietary polyphenol intake in breast cancer patients
group (n=78)

Observed agreement Confidence interval

Marker %] Cohen’s kappa (95% CI) P value
CRP 66.7 0,38 0.079 - 0.614 <0.006
NLR 60.0 0.20 -0.010 - 0.41 <0.04
PLR 57.7 0.19 0.026 - 0.359 <0.02
MPVLR 56.4 0.15 -0.061 - 0.354 NS

The inflammatory markers of breast cancer patients (n=78).
CRP: C Reactive Protein, NLR: neutrophil-to-lymphocyte ratio, PLR: platelet-to-lymphocyte ratio, MPVLR: mean platelet volume-to-

lymphocyte ratio.

Our study shows for the first time that high polyphenol
intake is associated with lower level of inflammatory
markers in BC patients. The obtained results suggest
also that these markers could be useful for estimating
the anti-inflammatory effect of a diet. Interestingly,
in our earlier work [26] based on the same group of
patients, we found a significant difference in platelet
aggregation between LDIP vs. HDIP group. In general,
platelet aggregation induced in vitro with arachidonic
acid, ADP or collagen was higher in LDIP group, which
can be explained by pleiotropic activity of polyphenols
[26].

NLR and PLR were proposed to be predictive
markers in various tumours, including BC [15]. Liu
et al. demonstrated that both increased NLR and
PLR were associated with poor survival in hormone
receptor-negative BC patients. However, NLR was
independently correlated with overall survival and
disease-free survival, but PLR was not [15]. A meta-
analysis found high PLR to be associated with poor
overall survival and disease-free survival [32]. In
addition, PLR remains a significant prognostic marker
for overall survival among patients receiving systemic
treatment and patients receiving chemotherapy [31].
These findings suggest that PLR could serve as an
indicator of poor prognosis in patients with BC [32].
The neutrophil lymphocyte ratio (NLR) is a good
marker of inflammation, and one which plays an
important role in tumour progression and metastasis.
However, no association was found between NLR
and overall survival in the luminal A and luminal B
subtypes of breast cancer patients. Positive results
have been obtained elsewhere in the analyses of human
epidermal growth factor receptor 2 (HER2)-positive
and triple-negative BC subtypes [29]. In another study,
NLR and PLR were demonstrated to be independent
markers of prognosis in BC [28].

Although, the comparison of inflammatory
markers between breast cancer patients (HDIP and
LDIP together) with control (reference group) was
not the aim of our study, our results showed that all
the inflammatory markers studied are significantly
elevated in cancer patients support the usefulness of
inflammatory markers in cancer prognosis.

Sun at al. reported that the mean values NLR,
and PLR were significantly elevated in BC patients
compared to the control group [25]. Moreover, MPV
value was significantly higher in BC group (p<0.0001)
and it was suggested that this parameter can be useful in
evaluating Ki-67 proliferation index as well as axillary
lymph node metastasis. It was proposed therefore, that
MPV could serve as a newly described biomarker for
prognosis evaluation amongst BC patients. Losada at
al. found an association between low PLR and longer
DFS (disease-free survival) in elderly breast cancer
patients [17]. Furthermore, they observed longer 3
year overall survival in the low PLR group and longer
disease-free survival and overall survival in low NLR
subgroup with triple negative breast cancer.

Interestingly, the LDIP group in our study
demonstrated a higher NLR value (3.0) than the cut-off
point for poor cancer prognosis (2.5) [4, 30]. A lower
polyphenol intake is frequently related to a higher CRP
level. Similarly to the observations made in our study,
previous reports found the greatest difference between
cancer patients cohort and control group in respect to
CRP level [30].

A large population-based study found the
polyphenol content of the diet to be negatively
associated with the INFLA-score of low-grade
inflammation biomarkers (CRP, WBC, PLT, GrL) [22].
Although the total INFLA-score was not computed in
the present study, the values being its components,
including CRP, WBC and PLT, were found to be
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lower in the HDIP group. Interestingly, CRP is the
best described inflammatory marker [27] and the
preoperative C-reactive protein level is an independent
prognostic factor of disease-free survival and overall
survival in breast cancer [21]. Our results confirm
the key roles reported in the literature for CRP [27],
NLR [4] and PLR [28]. The mean platelet volume/
lymphocyte ratio (MPVLR) was described by Hudzik
et al. as a good prognostic factor in CVD [8], in our
study concerning breast cancer patients, however, it
was not useful marker of polyphenol intake.

In this study, in the total group of breast cancer
patients (HDIP and LDIP together), the greatest
polyphenol sources were tea, dark chocolate, apples,
pears, bananas, grapes, berries and whole grain
products. This list of sources is similar to that reported
for Polish population by Grosso et al., who found the
main intake to derive from coffee, tea and chocolate
[7] and by Zujko et al., who found it to come from
non-alcoholic beverages, fruits, vegetables and cereal
products [34]. Chocolate and cocoa products were
not found to play such a significant role in the present
study as sweets are commonly eliminated from the
diet of cancer patients. An increased consumption
of fruits and vegetables is commonly observed in
cancer patients following diagnosis. Total polyphenol
intake in our whole group was 1757 mg/day, which
was similar to the findings of Grosso et al. (1741 mg/
day); likewise, flavan-3-ol intake was 608.4 mg/day
(our group), 637.3 mg/day [7]. Interestingly, the total
consumption of polyphenols in our (Polish) population
was found to be comparable to that reported for breast
cancer patients in the Western Europe (UK: 1523 mg/
day, Germany: 1056 mg/day, Denmark: 1354 mg/day)
[13], which strengthen the importance of our findings,
making them more universal.

CONCLUSIONS

Obviously, we are aware that our results, suggesting
an association between diet rich in polyphenols and
lower inflammatory markers, have been obtained
from an small observational cross-sectional study and
require further validation in randomized trials on the
large cohorts of patients. Nevertheless, in our opinion,
these preliminary findings indicate that an anti-
inflammatory diet is effective in reducing inflammation
in the breast cancer patients, which could be an
innovative and promising trend in the modern dietetics.
A novelty of this study is also showing an usefulness
of simple, cheap and commonly available biomarkers
for monitoring an anti-inflammatory effects of diet. It
is very likely that these markers could be successfully
applied to assess a rate of diet-reduced inflammation
in other clinical settings where a process of subclinical
inflammation poses a significant problem.
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