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Background & aims: Breast cancer (BC) is the most commonly diagnosed cancer, and diet is suspected
to play a role in its development. Dietary factors may mediate this process through modulation of
inflammation, though findings from previous studies have not been consistent. We aimed to longitu-
dinally assess the association between the dietary inflammatory index (DII®), a frequently used method
to assess the inflammatory potential of the diet, and incident BC.
Methods: We included 10,713 middle-aged, Spanish female university graduates from the SUN cohort.
DII® scores were derived from a validated 136-item food-frequency questionnaire, and it was based on
scientific evidence on the relationship between diet and inflammatory biomarkers. Diagnosis of BC
was reported by the participant or, if deceased, by the next of kin or identified from death certificates.
Self-reports of BC were confirmed by revision of medical reports by an experienced oncologist. Cox
proportional hazard models were used to estimate multivariable-adjusted hazard ratios (HR) and 95%
confidence intervals (CI) for the association between quartiles of DII® and incident BC.
Results: After 10.3 years of median follow-up, we identified 100 confirmed and 168 probable incident BC
cases. The multivariable-adjusted HR for participants in the 4th quartile to the 1st quartile was 1.44 (95% CI
0.76e2.72; p-trend: 0.339) when confirmed cases were analyzed, and 1.20 (95% CI 0.72e1.99; p-trend:
0.757) for the probable cases. We neither observed statistically significant differences in regard to meno-
pausal status.
Conclusions: The apparent increase in risk between DII® scores and BC in our cohort was not statistically
significant, which could be partly explained by the small number of observed cases.

© 2018 Elsevier Ltd and European Society for Clinical Nutrition and Metabolism. All rights reserved.
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1. Introduction

Breast cancer (BC) is the most frequently diagnosed malignant
tumor, and it is the most commonmalignancy among women [1,2].
In 2015, 2.4 million new BC diagnoses were made worldwide. BC
is the fifth most frequent cause of death among different tumor
types (533,000 deaths in theworld), the third cause of death among
women in developing countries, and the fourth in the most
developed areas [3]. Not only because of current burden of disease
ism. All rights reserved.

mailto:mcanela@unav.es
http://crossmark.crossref.org/dialog/?doi=10.1016/j.clnu.2018.09.030&domain=pdf
www.sciencedirect.com/science/journal/02615614
http://www.elsevier.com/locate/clnu
https://doi.org/10.1016/j.clnu.2018.09.030
https://doi.org/10.1016/j.clnu.2018.09.030
https://doi.org/10.1016/j.clnu.2018.09.030


n=22,564 participants   
    
   n=8,721 men 
   
    

n=13,843 women   
    
   n=198 participants recruited 

after March 1st 2014    
    

n=13,645 women   
    
   n=1,286 participants without 

follow-up    

I. Gardeazabal et al. / Clinical Nutrition 38 (2019) 2259e22682260
but also because of dismal predicted trends for this illness, pre-
ventive strategies that may help to address this concern becomes a
public health priority.

Non-modifiable as well as modifiable risk factors have been
described for BC [4e7]. Among the latter, the only accepted asso-
ciations with BC incidence are oral contraceptives [8], menopausal
hormone replacement therapy [9], late parity, alcohol consumption
[10e12], not breastfeeding [13], excess body fat [14] and lack of
physical exercise [15e18]. Regarding dietary factors, the results of
the different investigations are inconsistent [19e22].

Despite inconsistencies, a high-quality dietary pattern has been
suggested to reduce the risk of BC [6, 19]. A healthy diet, such as the
Mediterranean dietary pattern [20, 22, 23, 24] and other dietary
patterns rich in vegetables, fruits and fish [21,25], have been sug-
gested to exert their beneficial effect in cancer prevention through
different mechanisms involved in the initiation, promotion and
progression of cancer. Some of the reported mechanisms are: anti-
oxidant effect (due to high quantity of polyphenols in these foods)
[26, 27], inhibiting growth and metastatic potential of cancer cells
[28, 29], inhibition of autophagy [30], transcriptional repression of
human epidermal growth factor receptor 2 (HER2) [31], inhibiting
cell proliferation and invasiveness [32], aromatase inhibition [33]
and reduction of endogenous estrogen production [34]. One of the
most studied mechanisms is the potential of diet in changing the
inflammatory status [35e38]. In fact, a large body of evidence has
shown an association between diet and regulation of low-grade
inflammatory status (as appraised by elevated levels of highly-
sensitive C-reactive protein and other pro-inflammatory cyto-
kines) [39e43]. These cytokines also have been linked to BC
appearance, as well as with disease progression, through mecha-
nisms related to stimulation of angiogenesis, proliferation, migra-
tion andmetastasis and apoptosis prevention [44e47]. On the other
hand, inflammation, especially chronic inflammation [48], have
been suggested to be involved in the development of BC (and other
cancers), through immunosuppression [49] or up-regulation of
oncoproteins [50]. In this context of the possible role of inflamma-
tion in the development of BC, it is interesting to consider that many
beneficial effects of the Mediterranean diet have been attributed to
the anti-inflammatory properties of the typical foods of the Medi-
terranean diet. The dietary inflammatory index (DII®) was specif-
ically developed to capture the inflammatory potential of diet, and it
provides quantitative information about this inflammatory potential
of the diet [39]. It has been used in different populations with
inconsistent results, especially with respect to BC [51e60]. No pro-
spective study has been conducted thus far on the association be-
tween DII scores and BC in aMediterranean country. Thus, our aim is
to study this possible association between DII scores and BC inci-
dence among Spanish women in the SUN Project.
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Fig. 1. Flow-chart of participants recruited in the SUN Project, 1999e2016.
2. Material and methods

2.1. Study population

This work is framed in the “Seguimiento Universidad de
Navarra” Project (University of Navarra follow-up Project). The SUN
Project is an ongoing, multipurpose, prospective and dynamic
cohort, in which more than 22,000 Spanish university graduates
have been included and followed up for a median of 9.5 years to
assess associations between diet and lifestyles and the incidence of
several chronic diseases and mortality. The study design, methods
and cohort profile have been published in detail elsewhere [61].
Briefly, beginning in December 1999, highly educated participants,
all of them university graduates, are contacted biennially. Enroll-
ment is permanently open, and follow-up is conducted through
biennial mailed questionnaires about lifestyle factors and medical
conditions.

Through December 1, 2016, 22,564 participants had been
recruited and had completed the baseline questionnaire of the SUN
Project. We analyzed data of the women included in the cohort by
that time (n ¼ 13,843). To include those women who have had the
chance to answer at least one of the biennial follow-up question-
naires, we included in the present analysis those women recruited
before March 1, 2014 (n ¼ 13,645).

Out of these women, we excluded those from whom we had no
information during follow up (n¼ 1286, retention rate 91%), women
with prevalent BC or any other previous cancer (n ¼ 102), women
with a daily energy intake out of the pre-defined limits (below 500
or beyond 3500 kcal/day) (n ¼ 1345), and women with reported
menopause before 35 years of age (n ¼ 199). Thus, the effective
sample size was 10,713 women (Fig. 1).

All potential participants were duly informed of their right to
refuse to participate in the SUN study or to withdraw their consent
to participate at any time without reprisal, according to the
principles of the Declaration of Helsinki. Special attention was
given to the specific information needs of individual potential
candidates as well as to the methods used to deliver their infor-
mation and the feedback that may receive in the future from the
research team. After ensuring that the candidate had understood
the information, we sought their potential freely given informed
consent, and their voluntary completion of the baseline question-
naire. These methods were accepted by our Institutional Review
Board as to imply an appropriately-obtained informed consent.

2.2. Dietary assessment

We used a 136-item semi-quantitative food-frequency ques-
tionnaire (FFQ) previously validated in Spain to assess baseline
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dietary habits [62]. We analyzed the regularity of consumption of
standardized portion sizes for all food items to estimate the
nutrient scores. A trained dietician updated the nutrient informa-
tion with updated food composition tables for Spain [63,64].

2.3. The dietary inflammatory index (DII®)

The development of the DII® has been described elsewhere [39].
Briefly, the DII® is a population-based score calculated from an
extensive review of the literature published from 1950 to 2010,
including 1943 articles to a total of 45 food parameters comprising
various macronutrients, micronutrients, flavonoids and individual
food items. It was developed to describe the inflammatory char-
acteristics of diet, considering the effect of each parameter in six
inflammatory biomarkers (IL-1b, IL-4, IL-6, IL-10, TNF-a and
C-reactive protein). In this regard, the greater the DII score, the
more pro-inflammatory the diet. More negative values represent
more anti-inflammatory diets.

Based on the review of the literature, each parameter was given a
score based on its inflammatory potential according to its associa-
tion with previously mentioned inflammatory biomarkers: þ1 if
they were positively associated, �1 if they were negatively associ-
ated, or 0 if they were not associated. A z-score was calculated for
each food consumed by deducting the “standard global mean” from
the reported amount and dividing this value over the standard de-
viation. This value was then transformed to a proportion to dampen
the effect of “right skewing”. To create a distribution approximately
symmetrical around zero, each proportion was double and then 1
was subtracted. These food parameter-specific DII scores were then
summed to obtain the overall DII score for each participant.

Construct validation of the DII® was performed using data from
the SEASONS study, which contained information on dietary intake
from two sources (multiple days of 24-h recalls and a 7-day dietary
recall) [65] and serum high-sensitivity C-reactive protein (CRP) as
the construct validator [39]. So far, the DII® has been linked to in-
flammatory cytokines including CPR and IL-6 [66], obesity [67], and
several inflammation-related diseases [68e71].

In this study, a total of 28 food parameters considered in the DII®

score were derived from the FFQ and therefore were used to
calculate the DII score. These include total energy intake and the
intake of carbohydrate, protein, total fat, alcohol, fiber, cholesterol,
saturated fat, mono-unsaturated fat, omega-3 fatty acids, omega-6
fatty acids, trans-fatty acids, niacin, thiamin, riboflavin, vitamin
B12, vitamin B6, iron, magnesium, selenium, zinc, vitamin A,
vitamin C, vitamin D, vitamin E, folic acid and caffeine.

2.4. Evaluation of covariates

Information about lifestyles, medical history, anthropometric
measures, reproductive history, and sociodemographic factors
was collected in the baseline questionnaire. Physical activity was
assessed with a previously validated questionnaire [72]. We esti-
mated metabolic equivalents (METs) for each participant to yield
METs-h/week scores. Previously, accuracy of self-reported weight
and height for body mass index (BMI) calculation was authenti-
cated in a subsample of this cohort [73].

2.5. Ascertainment of incident breast cancer cases

The primary end point for the present analysis was the diagnosis
of new cases of BC. Women self-reported to have received a new
diagnosis cases of BC in the biennial follow-up questionnaires. Fatal
caseswere reported to our research teamby the subjects' next of kin,
postal authorities or work associates. For participants lost to follow-
up or with unknown causes of death, the National Death Index was
consulted to identify deceased cohort members, and to obtain the
cause of death. Participants (or their proxies) who reported any of
these diagnoses on a follow-up questionnaire were asked for a copy
of their medical records in order to confirm the information.
A trained oncologist confirmed the cases. All confirmed cases,
together with self-reported breast cancer diagnoses that could not
be further confirmed, were considered for the analyses as probable
incident cases.
2.6. Statistical analysis

We described baseline characteristics of our participants with
means and standard deviation (SD) for continuous variables and
percentages for categorical variables across quartiles of the DII
scores. Significance testing for differences in quantitative traits
across quartiles of the DII was conducted using analysis of variance
(ANOVA). Chi-squared tests were used for qualitative traits.

We calculated person-years of follow-up for each participant
from the date of completion of the baseline questionnaire to the date
of BC diagnosis, the date of death, or the date of return of the last
follow-up questionnaire, whichever occurred first. Hazard ratios
(HRs) and 95% confidence intervals (CI) were estimated using Cox
proportional hazard models considering the lowest quartile of DII®

(most anti-inflammatory) as the reference category and with age as
underlying time-variable. In an attempt to control for potential
confounding factors, we used successive degrees of adjustment: 1)
adjustment for age (underlying time variable and 3 strata) and
stratification by calendar year of recruitment; 2) additional adjust-
ment for height, years at university, number of relatives with history
of BC (none, one or two relatives out of mother, sisters and/or
grandmothers), smoking status (never smoker, former smoker, cur-
rent smoker), physical activity (METs-h/week, continuous), alcohol
intake (g/d, continuous), BMI (<25 kg/m2, 25 to <30 kg/m2, and
�30 kg/m2), age at menarche (<10 years old, 10 to <12 years, 12 to
<14 years, 14 to <16 years, and �16 years), age at menopause (<50
years old, from 50 to 54.9, and�55 years), number of pregnancies of
more than 6 months (continuous), pregnancy before the age of 30
years (dichotomous), months of breastfeeding (continuous), use of
hormone replacement therapy (dichotomous) and its duration
(continuous); and 3) additional adjustment for diabetes (dichoto-
mous) and total energy intake (kcal/d, continuous). For analyses on
postmenopausal BC, we additionally adjusted for the years since
recruitment until the beginning of the time at risk.

We conducted tests of linear trend assigning to each quartile of
DII score its quartile-specific median and using the resulting vari-
able as continuous in the abovementioned models. Confounder
selection was decided a priori based on the literature.

In a second step, we assessed the differences in the observed
association between the DII and pre- or postmenopausal BC. In-
formation on age at menopause was collected in the baseline
questionnaire and after 16 years of follow-up. For women lacking
information on their age at menopause (n ¼ 9309) we imputed
their postmenopausal status according to the 75th percentile of age
at menopause in the study population (52 years of age) [57].
For premenopausal BC as outcome, we excluded those women
who reported having had menopause before study inception and
censored follow-up time at the age of 52 years or at the age of
menopause, whichever occurred first. For postmenopausal BC as
outcome, we only considered as time at risk the time of follow-up
after having turned 52 years old or having had their menopause,
whichever occurred later.

Finally, we compared women with a pro-inflammatory diet
(DII�0) with women consuming an anti-inflammatory diet (DII<0)
and estimated the Cox regression models for total, premenopausal
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and postmenopausal BC with adjustment for the same potential
aforementioned confounders.

Taking into account that the overall incidence of BC in the SUN
Project was 1.5% and that we had 2678 women in each quartile, our
sample size would allow us to detect differences of 1.1% in the
incidence of BC between extreme quartiles with a statistical power
of 80% and assuming a two-sided alpha error of 5%.

All p values were two-sided and a p value < 0.05 was deemed
as statistically significant. All analyses were performed with
Stata/SE 13.0.

3. Results

Table 1 shows the main characteristics of the study participants
according to quartiles of the DII score. The median DII score
was �1.51, ranging from a maximum anti-inflammatory value
of �5.67 to a maximum pro-inflammatory value of þ6.11. Two
thousand participants had a DII score �0 (i.e., pro-inflammatory)
and 8709 had a DII score < 0 (i.e., anti-inflammatory). The mean
(SD) age of the participants at recruitment was 35 years (11). Women
in the highest DII (most pro-inflammatory) quartile were more
likely to be former smokers, premenopausal, had fewer pregnancies
of >6 months, were less likely to have been pregnant before the age
of 30 years, and had breastfed for less time that women eating a
Table 1
Baseline characteristics of participants across quartiles of the dietary inflammatory inde

Variable Quartiles of DII score

Q1

More anti-inflammatory

Median DII® �3.39
Range of DII® (�5.67,�2.8)
N 2679
Age (years) 36.3 (11.3)
Body mass index (kg/m2) 22.3 (3.1)
Physical activity (METs-h/w) 28.2 (23)
Total energy intakel (kcal/d) 2660 (492)
Alcohol intake (g/day) 5.11 (7.34)
Years at university 4.83 (1.34)
Height (cms) 164 (6)
Number of pregnancies of more than 6 months 0.7 (1.14)
Breast-feeding months 2.50 (5.18)
Time of hormone replacement therapy (years)1 1.19 (2.26)
Diabetes (%) 1.42
Pregnancie before age of 30 (%) 19.4
Tobacco (%)
Never smoker 50.8
Former smoker 24.4
Current smoker 22.1

Number of relatives with BC (%)2

0 89.1
1 8.92
2 2.02

Age of menarche (%)
<10 years 1.23
10e11 years 18.6
12e13 years 54.1
14e16 years 23.1
>16 years 2.95

Menopausal status (%)
Premenopausal (%) 83.6
Postmenopausal (%) 13.83
Postmenopausal <50 years (%) 65.28
Postmenopausal 50e55 years (%) 33.01
Postmenopausal � 55 years (%) 1.71

DII®: dietary inflammatory index, BC: breast cancer.
P values were obtained from ANOVA for quantitative traits and from chi-squared tests f
(1) Only among postmenpausal women.
(2) Information from mother, sister, and both grandmothers was collected.
more anti-inflammatory diet. Women in the lowest DII (most
anti-inflammatory) quartile were more likely to be older, and more
physically active, and consumed more total energy and alcohol.

3.1. DII scores and risk of BC

During a median follow-up time of 10.3 years and 105,847
person-years at risk, 168 probable incident cases of BC were
registered. When only confirmed cases were considered, 100
cases among 106,189 person-years of follow-up were identified.
The incidence rate was 9.3 per 10,000 person-years, ranging from
9.7 per 10,000 person-years in the most anti-inflammatory quartile
of DII scores to 10.08, 6.72 and 10.83 in quartiles 2 to 4, respectively.

Table 2 presents the HRs for the association between DII® and
probable cases of BC in three different models. We observed no
significant associations in any of the three models. The HR for the
association between DII and BC in the fully adjusted model for
women in the 4th quartile of DII compared to women in the first
quartile of DII® was 1.20 (95% CI 0.72e1.99; P for trend ¼ 0.757).
When we compared women with a pro-inflammatory diet vs.
women with an anti-inflammatory diet, we found a HR ¼ 1.23 (95%
CI 0.79e1.91) in the fully adjusted model. In Table 3, we show the
results for the association between the DII and only confirmed cases
of BC. In the age-adjustedmodel, theHR for the comparison between
x. The SUN Project, 1999e2014.

Q2 Q3 Q4 P value

More pro-inflammatory

�2.31 �1.26 0.66
(�2.8,�1.85) (�1.85,�0.52) (�0.52,6.11)
2678 2678 2678
34.9 (10.5) 34.5 (10.4) 33.4 (9.8) <0.001
22.2 (3) 22.2 (3) 22.1 (3.1) 0.173
25.1 (20) 23.7 (19.6) 20.2 (17.5) <0.001
2432 (494) 2222 (484) 1871 (507) <0.001
3.96 (5.49) 3.67 (5.4) 3.34 (4.9) <0.001
4.82 (1.34) 4.82 (1.32) 4.84 (1.32) 0.972
164 (6) 164 (6) 163 (6) 0.044
0.73 (1.16) 0.71 (1.16) 0.59 (1.14) <0.001
2.69 (5.25) 2.33 (4.88) 1.86 (4.77) <0.001
1.40 (2.48) 1.39 (2.54) 1.24 (2.23) 0.639
1.16 1.19 0.67 0.065
21 19.5 17.1 0.003

52.2 48.9 47.4
23.5 26.4 31.3
21.9 22.1 18.5 <0.001

89.6 89.3 89.5
8.22 9.08 8.4
2.17 1.64 2.09 0.703

1.08 1.23 1.12
20.2 18.9 18.6
55.2 54.7 54.9
21.2 22.8 22.9
2.39 2.39 2.43 0.764

87.6 88.5 90.7
10.25 9.88 7.49 0.001
65.20 65.48 69.09
33.45 32.74 30.00
1.35 1.78 0.91 0.672

or qualitative traits.



Table 2
Hazard ratio (IC 95%) including the probable breast cancer cases for each quartile of DII® in the SUN Project.

Variable Quartiles of DII scores

Q1 Q2 Q3 Q4 P for trend

Most anti-inflammatory Most pro-inflammatory

Cases 43 50 34 41
Person-years of follow up 26,395 26,556 26,200 26,696
Incidence rate/10,000 person year 16.29 18.83 13.00 15.36
Age adjusted HR1 1 (ref) 1.22 0.86 1.10 0.993

(0.82e1.84) (0.55e1.36) (0.71e1.69)
Model 12 1 (ref) 1.22 0.83 1.05 0.827

(0.81e1.84) (0.53e1.31) (0.68e1.63)
Model 23 1 (ref) 1.26 0.89 1.20 0.757

(0.83e1.92) (0.55e1.43) (0.72e1.99)

DII®: dietary inflammatory index.
1: Adjustment for age.
2: Additional adjustment for height (continous), number of relatives with history of BC (3 categories), smoking status (never smoker, former smoker, current smoker), physical
activity (METs-h/wk, continuous), alcohol intake (g/d, continuous), BMI (3 categories), age of menarche (5 categories), age of menopause (3 categories), number of pregnancies
of more than 6 months (continuous), pregnancy before the age of 30 years (dichotomous), months of breastfeeding (continuous), use of hormone replacement therapy
(dichotomous) and its duration (continuous), and years at university (continous).
3: Model 2 additional adjustment for diabetes (dichotomous) and total energy intake (kcal/d, continuous).
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extreme quartiles (Q4 vs. Q1) was 1.33 (95% CI 0.78e2.28; P for
trend ¼ 0.387). In the fully adjusted model, the HR for the compar-
ison of Q4 vs. Q1was 1.44 (95% CI 0.76e2.72; P for trend¼ 0.339). In
many of the models, we observed the highest increase of the risk of
developing BC according to a more pro-inflammatory diet (Q4)
compared to those participants in themost anti-inflammatory group
(Q1), although no association reached statistical significance.
Women with a pro-inflammatory diet showed a HR of overall BC of
1.41 (95% CI 0.77e2.59) compared with women with an anti-
inflammatory diet in the fully adjusted model.

In Table 4 we present the results separately for premenopausal
and postmenopausal BC for all the probable cases. In premeno-
pausal women, the HR for BC in the fully adjusted model was 1.01
(95% CI 0.53e1.93; P for trend ¼ 0.966); while for postmenopausal
BC the HR was 1.57 (95% CI 0.64e3.83; P for trend ¼ 0.566). The
comparison for women with a pro-inflammatory diet vs. women
with an anti-inflammatory diet was not statistically significant for
premenopausal women [HR ¼ 1.16 (95% CI 0.67e2.01)] nor for
postmenopausal women [HR¼ 1.65 (95% CI 0.72e3.80)] in the fully
adjusted model. When we considered only confirmed cases of BC
(Table 5), we neither observed significant associations between DII
and incident premenopausal BC (HR Q4 vs. Q1: 1.21 (95% CI
Table 3
Hazard ratio (IC 95%) of confirmed breast cancer cases for each quartile of DII® in the SU

Variable Quartiles of DII score

Q1 Q2

Most anti-inflammatory

Cases 26 27
Person-years of follow up 26,473 26,673
Incidence rate/10,000 person year 9.82 10.12
Age adjusted HR1 1 (ref) 1.11

(0.65e1
Model 12 1 (ref) 1.07

(0.62e1
Model 23 1 (ref) 1.13

(0.65e1

DII®: dietary inflammatory index.
1: Adjustment for age.
2: Additional adjustment for height (continous), number of relatives with history of BC (3
activity (METs-h/wk, continuous), alcohol intake (g/d, continuous), BMI (3 categories), age
of more than 6 months (continuous), pregnancy before the age of 30 years (dichotom
(dichotomous) and its duration (continuous), and years at university (continuous).
3: Model 2 additional adjustment for diabetes (dichotomous) and total energy intake (kc
0.51e2.87; P for trend ¼ 0.527)) or postmenopausal BC (HR Q4 vs.
Q1 in the most adjusted model: 2.00 (95% CI 0.71e5.64); P for
trend ¼ 0.304)). A pro-inflammatory diet was not significantly
associated to the risk of BC compared with an anti-inflammatory
diet when we considered premenopausal [HR ¼ 1.51 (95% CI
0.69e3.32)] or postmenopausal BC [HR ¼ 1.25 (95% CI 0.37e4.24)]
as outcome in the fully adjusted model.

4. Discussion

Based on the prospective SUN cohort, we observed no statisti-
cally significant association between a more pro-inflammatory diet
(higher quartile of the DII score) and overall risk of BC. In ancillary
analyses, according to menopausal status, we found similar evi-
dence for both pre- and post-menopausal women. Nevertheless, all
the point estimates of the HRs in the adjusted models for the fourth
vs. the first quartile were greater than 1.

Available evidence about the relationship between the pro-
inflammatory potential of diet and BC is inconsistent [51e53,55].
Ge et al. [51] conducted a study to evaluate the association between
energy-adjusted DII and postmenopausal BC risk in a German
population-based case-control study. In that study, 2887
N Project.

Q3 Q4 P for trend

Most pro-inflammatory

18 29
26,270 26,772
6.85 10.83
0.77 1.33 0.387

.90) (0.42e1.41) (0.78e2.28)
0.73 1.20 0.623

.85) (0.39e1.34) (0.70e2.07)
0.79 1.44 0.339

.96) (0.42e1.49) (0.76e2.72)

categories), smoking status (never smoker, former smoker, current smoker), physical
of menarche (5 categories), age of menopause (3 categories), number of pregnancies
ous), months of breastfeeding (continuous), use of hormone replacement therapy

al/d, continuous).



Table 4
Hazard ratio (IC 95%) including the probable breast cancer cases for each quartile of DII® in the SUN Project for pre- and post-menopausal women.

Variable Quartiles of DII scores

Q1 Q2 Q3 Q4 P for trend

Most anti-inflammatory Most pro-inflammatory

Premenopausal breast cancer
N 2244 2355 2377 2440
Cases 26 28 26 26
Person-years of follow up 19972 21343 21308 22604
Incidence rate/10,000 person-year 13.02 13.12 12.20 11.50
Age adjusted HR1 1 (ref) 1.05 1.01 0.99 0.942

(0.62e1.81) (0.58e1.74) (0.58e1.73)
Model 12 1 (ref) 1.05 0.97 0.98 0.873

(0.61e1.81) (0.56e1.69) (0.56e1.71)
Model 23 1 (ref) 1.06 0.98 1.01 0.966

(0.61e1.84) (0.55e1.75) (0.53e1.93)
Postmenopausal breast cancer
N 862 720 672 575
Cases 16 14 6 13
Person-years of follow up 5641 4321 4256 3372
Incidence rate/10,000 person year 28.36 32.40 14.10 38.54
Age adjusted HR1 1 (ref) 1.09 0.48 1.30 0.749

(0.53e2.25) (0.19e1.23) (0.62e2.72)
Model 1a2 1 (ref) 1.07 0.44 1.22 0.917

(0.52e2.21) (0.17e1.15) (0.56e2.62)
Model 2a3 1 (ref) 1.17 0.51 1.57 0.566

(0.56e2.47) (0.19e1.35) (0.64e3.83)

DII®: dietary inflammatory index.
1: Adjustment for age.
2: Model 1: Additionally adjusted for height (continous), number of relatives with history of BC (3 categories), smoking status (never smoker, former smoker, current smoker),
physical activity (METs-h/wk, continuous), alcohol intake (g/d, continuous), BMI (3 categories), age of menarche (5 categories), number of pregnancies of more than 6 months
(continuous), pregnancy before the age of 30 years (dichotomous), months of breastfeeding (continuous), use of hormone replacement therapy (dichotomous) and its duration
(continuous), and years at university (continuous).
Model 1a: Model 1 additionally adjusted for time since recruitment (continuous) and age of menopause (3 categories).
3: Model 2: Model 1 additionally adjusted for diabetes (dichotomous) and total energy intake (kcal/d, continuous).
Model 2a: Model 2 additionally adjusted for time since recruitment (continuous).
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postmenopausal BC cases were included with 5512 healthy age-
matched controls, aged 50e74 years. As in our study, they
observed no significant associations (adjusted OR for the fifth vs. the
first quintile: 1.01, 95% CI: 0.86e1.17) between the DII and post-
menopausal BC. The association did not differ by estrogen receptor
(ER) and progesterone receptor (PR) status (ER þ PRþ: adjusted OR
for the fifth vs. the first quintile: 1.06, 95% CI: 0.88e1.27) (ER þ or
PRþ: adjusted OR for the fifth vs. the first quintile: 1.07, 95% CI:
0.79e1.45) (ER- PR-: adjusted OR for the fifth vs. the first quintile:
0.87, 95% CI: 0.63e1.20). On the other hand, Tabung et al. assessed the
association between DII and BC in the Women's Health Initiative
(WHI) cohort. The analytic dataset from the WHI cohort comprised
122,788 postmenopausal women, among whom 7495 incident BC
cases and 667 BC-related deaths were observed. In the first paper
[52], Tabung et al. evaluated the association betweenDII and invasive
BC incidence and death due to BC. Consistent with our results, no
associationwas observed betweenDII and incident invasive BC cases
(HR for the fifth vs. the first quintile: 0.99, 95% CI: 0.91e1.07), but
they did observe that the more pro-inflammatory the diets were at
baseline, the higher the risk of BC-related deaths (HR for the fifth vs.
the first quintile: 1.33, 95% CI: 1.01e1.76). In their second paper [53],
Tabung et al. evaluated the relationship between patterns of change
in the inflammatory potential of diet and the risk of BC. They
included 70,998 postmenopausal women from the WHI Observa-
tional Study and Dietary Modification trial control group and regis-
tered 3471 new invasive BC cases. Again, no significant association
was observed between DII score or patterns of change in DII and
overall invasive BC incidence (HR for the fifth vs. the first quintile:
1.03, 95% CI: 0.90e1.17); although they observed a significant
nonlinear association between average adherence to the DII and ER-,
PR- andHER2þ BC subtype (HR for the fifth vs. thefirst quintile: 2.37,
95% CI: 1.08e5.20). Similarly, Zucchetto et al [55] investigated the
possible association between DII and the risk of dying from BC in an
Italian retrospective cohort of 1453 pre- and post-menopausal
women with BC, previously enrolled in a case-control study. They
observed no significant associations between a higher adherence to
the DII and BC specific mortality (HR third vs. first tertile: 0.97; 95%
CI 0.73e1.27).

By contrast, there is evidence suggesting a direct association
between lower DII scores and BC. Accordingly, in a Swedish cohort
of 49,258 pre- and post-menopausal women, among whom 1895
incident BC cases were identified [57], a positive association be-
tween DII scores and incident BC (HR Q4 vs. Q1: 1.22, 95% CI:
1.00e1.39) was observed. The association was strongest among
postmenopausal women (HR Q4 vs. Q1: 1.22, 95% CI: 1.01e1.46).
Additionally, in a case-control study on the relationship between
DII scores and BC in an Italian population composed of pre- and
post-menopausal women [56], 2569 incident BC cases and 2588
controls were evaluated. It was observed that as DII scores
increased, so, too, did the odds of having a BC diagnosed (odds ratio
(OR) fifth vs. first quintile: 1.75, 95% CI: 1.39e2.21). Finally, in the
Iowa Women's Health Study [58], the association between DII and
risk of postmenopausal BC was prospectively evaluated. This cohort
included 34,700 women aged 55e69 years old, followed up for 25
years, with 2910 incident BC. They found a positive association
between DII score (indicating a more por-inflammatory diet) and
incident BC cases (HR for DII third vs. first tertile: 1.11, 95% CI:
1.00e1.22), especially among obesewomen (HR for DII third vs. first
tertile: 1.35, 95% CI: 1.00e1.66). Although our point estimates
suggest a direct association between adherence to the DII score and
the risk of BC, the confidence interval was wide; and, therefore, we
observed no statistically significant associations.

Recently, in a case-control study among Chinese women (pre-
and post-menopausal) with 867 BC cases and 824 controls, Huang



Table 5
Hazard ratio (IC 95%) of confirmed breast cancer cases for each quartile of DII® in the SUN Project among pre- and post-menopausal women.

Variable Quartiles of DII score

Q1 Q2 Q3 Q4 P for trend

Most anti-inflammatory Most pro-inflammatory

Premenopausal breast c�ancer
N 2244 2355 2377 2440
Cases 14 12 14 17
Person-years of follow up 20,019 21,415 21,345 22,662
Incidence rate/10,000 person-years 6.99 5.60 6.56 7.50
Age adjusted HR1 1 (ref) 0.86 1.03 1.26 0.411

(0.40e1.85) (0.49e2.17) (0.62e2.56)
Model 12 1 (ref) 0.80 0.97 1.14 0.553

(0.36e1.76) (0.45e2.06) (0.55e2.38)
Model 23 1 (ref) 0.82 0.98 1.21 0.527

(0.37e1.81) (0.44e2.19) (0.51e2.87)
Postmenopausal breast c�ancer
N 867 725 675 578
Cases 11 9 3 11
Person-years of follow up 5672 4357 4279 3390
Incidence rate/10,000 person-years 19.39 20.65 7.01 32.45
Age adjusted HR1 1 (ref) 1.00 0.34 1.56 0.436

(0.41e2.42) (0.09e1.22) (0.67e3.63)
Model 1a2 1 (ref) 1.00 0.33 1.43 0.604

(0.41e2.45) (0.09e1.19) (0.59e3.44)
Model 2a3 1 (ref) 1.12 0.39 2.00 0.304

(0.45e2.79) (0.10e1.46) (0.71e5.64)

DII®: dietary inflammatory index.
1: Adjustment for age.
2: Model 1: Additionally adjusted for height (continous), number of relatives with history of BC (3 categories), smoking status (never smoker, former smoker, current smoker),
physical activity (METs-h/wk, continuous), alcohol intake (g/d, continuous), BMI (3 categories), age of menarche (5 categories), number of pregnancies of more than 6 months
(continuous), pregnancy before the age of 30 years (dichotomous), months of breastfeeding (continuous), use of hormone replacement therapy (dichotomous) and its duration
(continuous), and years at university (continuous).
Model 1a: Model 1 additionally adjusted for time since recruitment (continuous) and age of menopause (3 categories).
3: Model 2: Model 1 additionally adjusted for diabetes (dichotomous) and total energy intake (kcal/d, continuous).
Model 2a: Model 2 additionally adjusted for time since recruitment (continuous).
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et al [54] observed a positive association between higher DII score
and BC risk (adjusted OR Q4 vs Q1: 2.28, 95% CI: 1.71e3.03). They
also performed some stratified analyses confirming this positive
association in both premenopausal and postmenopausal women,
ERþ and PRþ, PR- and PR-, and normal weight, overweight or obese
women. No significant association was observed between ERþ or
EPþ (but not both) BC and DII score, or among underweight
women. In contrast to all previously mentioned studies, this was
the only previous study conducted in a non-European/or North
American population.

Finally, a meta-analysis has been recently published by Fowler
et al. [74], including all the published articles between 1980 and
November 2016 where associations between DII and cancer had
been studied. They concluded that a higher DII was associated with
increased incidence of cancer (Relative Risk (RR): 1.25, 95% CI:
1.16e1.35), odds (OR: 1.75, 95% CI: 1.43e2.16) and mortality (RR:
1.67, 95% CI: 1.13e2.48) of all the included cancer types (including
colorectal, breast, lung and prostate). Specifically, for BC the asso-
ciation remained significant (RR: 1.12, 95% CI: 1.03e1.22). These
associations were consistent across different cancer types, pop-
ulations and study designs.

We acknowledge that the present study has some limitations.
First, we are aware that the number of incident cases of BC is limited
which may compromise our statistical power. Our cohort is
composed largely by young women and most of them are pre-
menopausal, which reduces the number of incident BC cases.
However, our point estimates are in the range of those observed in
previous studies and these results are interesting interesting and
novel, given that they can be included in future meta-analyses and
provide new evidence for the first time from a Mediterranean
country in the context of different food habits. Second, due to the
small number of incident BC cases, we could not perform subgroup
analyses by subtypes of BC cases. Associations between the DII® and
some specific subtypes of BC have been previously reported. Third,
dietary information was based on self-reported information. This
might have led to some misclassification bias. Nevertheless, the
food-frequency questionnaire had been previously validated [62]
and the non-differential misclassification would bias our results
towards the null value. Fourth, some of the information on BC
incidence also was self-reported. In order to confirm the accuracy of
the information, we asked our participants to send a copy of their
medical reports. We run our analyses separately considering sepa-
rately those cases which could be confirmed with the medical re-
ports from those without any available medical report confirmation
sent to the SUN Project as of the time of this analysis. In spite of this,
we might have missed some cases of BC. This fact might have
reduced the sensitivity to detect incident cases of BC. However, the
close follow-up of our participants and the periodic consultation of
the National Death Index will have limited the number of missed BC
cases. Fifth, most of our participants consumed anti-inflammatory
diets based on their DII® scores. This may reflect potential report-
ing bias by the participants. However, it is more likely to be
explained by the fact that participants in the cohort have attended
higher education institutions and are health-conscious volunteers
who try to follow the Mediterranean diet with lower DII scores. In
any case, the relatively narrow range of DII® values, especially the
small percentage of participants with a pro-inflammatory DII, could
have limited the variability in our exposure and, thus, may have
hampered our ability to find statistically significant associations.
Sixth, blood samples from our participants were not available.
Therefore, we could not compare objective biomarkers of inflam-
mation with the DII® in our cohort.
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On the other hand, our study also shows some strengths. It is a
dynamic cohort with more than 16 years of follow up, with 91%
retention rate, and which includes actually 13,843 women. Also, we
have an exhaustive information about the diet of the participants,
collected by the food-frequency questionnaire mentioned before.
Moreover, we have collected a wide array of potential confounders
which have been included in the multivariable analyses, which
reduces the room for residual confounding and other potential
biases in our results.

5. Conclusions

Though results were suggestive of a positive relationship be-
tween DII scores and incident BC, we observed no significant as-
sociation between the inflammatory potential of the diet and the
risk of developing a BC in our cohort in the overall analysis and in
subgroup analyses by menopausal status. More studies are needed
to disentangle the association between the inflammatory potential
of diet and the risk of BC, overall and for different subtypes of the
disease and by menopausal status.

Statement of authorship

IG and ET wrote the daft of the manuscript; IG, RSB, AR, NS and
ET were responsible for data analysis; MRC, MAMG and ET were
responsible for conception and design, data acquisition, and inter-
pretation. All coauthors revised the manuscript critically for
important intellectual content and approved the final version to be
published.

Conflict of interest

NS and JRH were supported by NIDDK award R44 DK103377.
JRH owns controlling interest in Connecting Health Innovations

LLC (CHI), a company planning to license the right to his invention
of the DII® from the University of South Carolina in order to develop
computer and smart phone applications for patient counseling and
dietary intervention in clinical settings. NS is an employee of CHI.
The subject matter of this paper will not have any direct bearing on
that work, nor has that activity exerted any influence on this
project.

None of the other authors has conflicts of interest.

Funding sources

The SUN Project has received funding from the Spanish
Government-Instituto de Salud Carlos III, and the European Regional
Development Fund (FEDER) (RD 06/0045, CIBER-OBN, Grants
PI10/02658, PI10/02293, PI13/00615, PI14/01668, PI14/01798, PI14/
01764, PI17/01795, and G03/140), the Navarra Regional Government
(45/2011, 122/2014), and the University of Navarra.

Acknowledgments

This work was supported by the Spanish Government-Instituto
de Salud Carlos III, and the European Regional Development Fund
(FEDER) (RD 06/0045, CIBER-OBN, Grants PI10/02658, PI10/02293,
PI13/00615, PI14/01668, PI14/01798, PI14/01764, and G03/140),
the Navarra Regional Government (45/2011, 122/2014), and the
University of Navarra.

The authors are indebted to the participants of the SUN study for
their continued cooperation and participation. We thank Daria
Abasheva for her help in reviewing this manuscript. We are also
grateful to the members of the Department of Nutrition of the
Harvard School of Public Health (WillettWC, Hu FB, and Ascherio A)
who helped us to design the SUN study. We also thank the other
members of the SUN Group: Alonso A, Barrio L�opez MT, Basterra-
Gortari FJ, Benito Corch�on S, Bes-Rastrollo M, Beunza JJ, Carlos
Chiller�on S, Carmona L, Cervantes S, de Irala Est�evez J, de la Fuente
C, de la Rosa PA, Delgado RodríguezM, Donat Vargas CL, Don�azarM,
Fern�andez Montero A, Galbete Ci�aurriz C, García L�opez M, Gea A,
Go~ni Ochandorena E, Guill�en Grima F, Hern�andez A, Lahortiga F,
Llorca J, L�opez del Burgo C, Marí Sanchís A, Martí del Moral A,
Martín-Calvo N, Martínez JA, Nú~nez-C�ordoba JM, Perez de Ciriza P,
Pimenta AM, Ramallal R, Rico A, Ruiz Zambrana A, S�anchez Ad�an D,
Say�on Orea C, V�azquez Ruiz Z, and Zazpe García I.
References

[1] World Health Organization. Cancer fact sheets: breast cancer. Globocan. 2012.
[2] Galceran J, Ameijide A, Carulla M, Mateos A, Quir�os JR, Rojas D, et al. Cancer

incidence in Spain, 2015. Clin Transl Oncol 2017;19:799e825. https://doi.org/
10.1007/s12094-016-1607-9.

[3] Global Burden of Disease Cancer Collaboration C, Fitzmaurice C, Allen C,
Barber RM, Barregard L, Bhutta ZA, et al. Global, regional, and national cancer
incidence, mortality, years of life lost, years lived with disability, and
disability-adjusted life-years for 32 cancer groups, 1990 to 2015: a systematic
analysis for the global burden of disease study. JAMA Oncol 2017;3:524e48.
https://doi.org/10.1001/jamaoncol.2016.5688.

[4] Kelsey JL. Breast cancer epidemiology: summary and future directions.
Epidemiol Rev 1993;15:256e63.

[5] Dumitrescu RG, Cotarla I. Understanding breast cancer risk: where do we
stand in 2005? J Cell Mol Med n.d.;9:208e221.

[6] McPherson K, Steel CM, Dixon JM. ABC of breast diseases. Breast cancer-
epidemiology, risk factors, and genetics. BMJ 2000;321:624e8.

[7] Cobain EF, Milliron KJ, Merajver SD. Updates on breast cancer genetics: clinical
implications of detecting syndromes of inherited increased susceptibility
to breast cancer. Semin Oncol 2016;43:528e35. https://doi.org/10.1053/
j.seminoncol.2016.10.001.

[8] Mørch LS, Skovlund CW, Hannaford PC, Iversen L, Fielding S, Lidegaard Ø.
Contemporary hormonal contraception and the risk of breast cancer. N Engl J
Med 2017;377:2228e39. https://doi.org/10.1056/NEJMoa1700732.

[9] Gartlehner G, Patel SV, Feltner C, Weber RP, Long R, Mullican K, et al. Hormone
therapy for the primary prevention of chronic conditions in postmenopausal
women: evidence report and systematic review for the US preventive services
task force. J Am Med Assoc 2017;318:2234e49. https://doi.org/10.1001/
jama.2017.16952.

[10] Petri AL, Tjønneland A, Gamborg M, Johansen D, Høidrup S, Sørensen TIA, et al.
Alcohol intake, type of beverage, and risk of breast cancer in pre- and post-
menopausal women. Alcohol Clin Exp Res 2004;28:1084e90.

[11] Romieu I, Scoccianti C, Chaj�es V, de Batlle J, Biessy C, Dossus L, et al. Alcohol
intake and breast cancer in the European prospective investigation into
cancer and nutrition. Int J Cancer 2015;137:1921e30. https://doi.org/10.1002/
ijc.29469.

[12] Smith-Warner SA, Spiegelman D, Yaun SS, van den Brandt PA, Folsom AR,
Goldbohm RA, et al. Alcohol and breast cancer in women: a pooled analysis of
cohort studies. J Am Med Assoc 1998;279:535e40.

[13] Collaborative Group on Hormonal Factors in Breast Cancer. Breast cancer and
breastfeeding: collaborative reanalysis of individual data from 47 epidemio-
logical studies in 30 countries, including 50302 women with breast cancer
and 96973 women without the disease. Lancet (London, England) 2002;360:
187e95. https://doi.org/10.1016/S0140-6736(02)09454-0.

[14] Fortner RT, Katzke V, K?hn T, Kaaks R. Obesity and breast cancer. Recent Results
Cancer Res 2016;208:43e65. https://doi.org/10.1007/978-3-319-42542-9_3.

[15] Lahmann PH, Friedenreich C, Schuit AJ, Salvini S, Allen NE, Key TJ, et al.
Physical activity and breast cancer risk: the european prospective investiga-
tion into cancer and nutrition. Cancer Epidemiol Biomark Prev 2007;16:
36e42. https://doi.org/10.1158/1055-9965.EPI-06-0582.

[16] McTiernan A. Mechanisms linking physical activity with cancer. Nat Rev
Cancer 2008;8:205e11. https://doi.org/10.1038/nrc2325.

[17] Wu Y, Zhang D, Kang S. Physical activity and risk of breast cancer: a meta-
analysis of prospective studies. Breast Cancer Res Treat 2013;137:869e82.
https://doi.org/10.1007/s10549-012-2396-7.

[18] Kohler LN, Garcia DO, Harris RB, Oren E, Roe DJ, Jacobs ET. Adherence to diet
and physical activity cancer prevention guidelines and cancer outcomes: a
systematic review. Cancer Epidemiol Biomark Prev 2016;25:1018e28. https://
doi.org/10.1158/1055-9965.EPI-16-0121.

[19] CUP Report: Preventing Breast Cancer j American Institute for Cancer
Research (AICR) n.d. http://www.aicr.org/continuous-update-project/breast-
cancer.html.

[20] Buckland G, Travier N, Cottet V, Gonz?lez CA, Luj?n-Barroso L, Agudo A, et al.
Adherence to the mediterranean diet and risk of breast cancer in the Euro-
pean prospective investigation into cancer and nutrition cohort study. Int J
Cancer 2013;132:2918e27. https://doi.org/10.1002/ijc.27958.

http://refhub.elsevier.com/S0261-5614(18)32468-3/sref1
https://doi.org/10.1007/s12094-016-1607-9
https://doi.org/10.1007/s12094-016-1607-9
https://doi.org/10.1001/jamaoncol.2016.5688
http://refhub.elsevier.com/S0261-5614(18)32468-3/sref4
http://refhub.elsevier.com/S0261-5614(18)32468-3/sref4
http://refhub.elsevier.com/S0261-5614(18)32468-3/sref4
http://refhub.elsevier.com/S0261-5614(18)32468-3/sref6
http://refhub.elsevier.com/S0261-5614(18)32468-3/sref6
http://refhub.elsevier.com/S0261-5614(18)32468-3/sref6
https://doi.org/10.1053/j.seminoncol.2016.10.001
https://doi.org/10.1053/j.seminoncol.2016.10.001
https://doi.org/10.1056/NEJMoa1700732
https://doi.org/10.1001/jama.2017.16952
https://doi.org/10.1001/jama.2017.16952
http://refhub.elsevier.com/S0261-5614(18)32468-3/sref10
http://refhub.elsevier.com/S0261-5614(18)32468-3/sref10
http://refhub.elsevier.com/S0261-5614(18)32468-3/sref10
http://refhub.elsevier.com/S0261-5614(18)32468-3/sref10
http://refhub.elsevier.com/S0261-5614(18)32468-3/sref10
http://refhub.elsevier.com/S0261-5614(18)32468-3/sref10
http://refhub.elsevier.com/S0261-5614(18)32468-3/sref10
https://doi.org/10.1002/ijc.29469
https://doi.org/10.1002/ijc.29469
http://refhub.elsevier.com/S0261-5614(18)32468-3/sref12
http://refhub.elsevier.com/S0261-5614(18)32468-3/sref12
http://refhub.elsevier.com/S0261-5614(18)32468-3/sref12
http://refhub.elsevier.com/S0261-5614(18)32468-3/sref12
https://doi.org/10.1016/S0140-6736(02)09454-0
https://doi.org/10.1007/978-3-319-42542-9_3
https://doi.org/10.1158/1055-9965.EPI-06-0582
https://doi.org/10.1038/nrc2325
https://doi.org/10.1007/s10549-012-2396-7
https://doi.org/10.1158/1055-9965.EPI-16-0121
https://doi.org/10.1158/1055-9965.EPI-16-0121
http://www.aicr.org/continuous-update-project/breast-cancer.html
http://www.aicr.org/continuous-update-project/breast-cancer.html
https://doi.org/10.1002/ijc.27958


I. Gardeazabal et al. / Clinical Nutrition 38 (2019) 2259e2268 2267
[21] Albuquerque RC, Baltar VT, Marchioni DM, S G, TL L. Breast cancer and dietary
patterns: a systematic review. Nutr Rev 2014;72:1e17. https://doi.org/
10.1111/nure.12083.

[22] van den Brandt PA, Schulpen M. Mediterranean diet adherence and risk of
postmenopausal breast cancer: results of a cohort study and meta-analysis.
Int J Cancer 2017;140:2220e31. https://doi.org/10.1002/ijc.30654.

[23] Trichopoulou A, Bamia C, Lagiou P, Trichopoulos D. Conformity to traditional
mediterranean diet and breast cancer risk in the Greek EPIC (european
prospective investigation into cancer and nutrition) cohort. Am J Clin Nutr
2010;92:620e5. https://doi.org/10.3945/ajcn.2010.29619.

[24] Toledo E, Salas-Salvad�o J, Donat-Vargas C, Buil-Cosiales P, Estruch R, Ros E, et al.
Mediterranean diet and invasive breast cancer risk among women at high
cardiovascular risk in the predimed trial: a randomized clinical trial. JAMA Intern
Med 2015;175:1752e60. https://doi.org/10.1001/jamainternmed.2015.4838.

[25] Aune D, Chan DSM, Vieira AR, Rosenblatt DAN, Vieira R, Greenwood DC, et al.
Fruits, vegetables and breast cancer risk: a systematic review and meta-
analysis of prospective studies. Breast Cancer Res Treat 2012;134:479e93.
https://doi.org/10.1007/s10549-012-2118-1.

[26] Warleta F, Quesada CS, Campos M, Allouche Y, Beltr�an G, Gaforio JJ. Hydrox-
ytyrosol protects against oxidative DNA damage in human breast cells.
Nutrients 2011;3:839e57. https://doi.org/10.3390/nu3100839.

[27] Khan N, Afaq F, Mukhtar H. Cancer chemoprevention through dietary anti-
oxidants: progress and promise. Antioxid Redox Signal 2008;10:475e510.
https://doi.org/10.1089/ars.2007.1740.

[28] Adams LS, Phung S, Yee N, Seeram NP, Li L, Chen S. Blueberry phytochemicals
inhibit growth and metastatic potential of MDA-MB-231 breast cancer cells
through modulation of the phosphatidylinositol 3-kinase pathway. Cancer Res
2010;70:3594e605. https://doi.org/10.1158/0008-5472.CAN-09-3565.

[29] Sun T, Chen QY, Wu LJ, Yao XM, Sun XJ. Antitumor and antimetastatic activ-
ities of grape skin polyphenols in a murine model of breast cancer. Food Chem
Toxicol 2012;50:3462e7. https://doi.org/10.1016/j.fct.2012.07.037.

[30] Nemec MJ, Kim H, Marciante AB, Barnes RC, Hendrick ED, Bisson WH, et al.
Polyphenolics from mango (Mangifera indica L.) suppress breast cancer ductal
carcinoma in situ proliferation through activation of AMPK pathway and
suppression of mTOR in athymic nude mice. J Nutr Biochem 2017;41:12e9.
https://doi.org/10.1016/j.jnutbio.2016.11.005.

[31] Menendez JA, Papadimitropoulou A, Vellon LLR. A genomic explanation con-
necting “Mediterranean diet”, olive oil and cancer: oleic acid, the main mono-
unsaturated fatty acid of olive oil, induces formation of inhibitory “PEA3
transcription factor-PEA3 DNA binding site” complexes at the Her-2/neu (erbB-
2. Eur J Cancer 2006;42:2425e32. https://doi.org/10.1016/j.ejca.2005.10.016.

[32] Akl MR, Ayoub NM, Mohyeldin MM, Busnena BA, Foudah AI, Liu Y-Y, et al.
Olive Phenolics as c-Met Inhibitors: (-)-Oleocanthal Attenuates Cell Prolifer-
ation, Invasiveness, and Tumor Growth in Breast Cancer Models. PloS One
2014;9, e97622. https://doi.org/10.1371/journal.pone.0097622.

[33] Wang Y, Lee KW, Chan FL, Chen S, Leung LK. The red wine polyphenol
resveratrol displays bilevel inhibition on aromatase in breast cancer cells.
Toxicol Sci 2006;92:71e7. https://doi.org/10.1093/toxsci/kfj190.

[34] Carruba G, Granata OM, Pala V, Campisi I, Agostara B, Cusimano R, et al.
A traditional Mediterranean diet decreases endogenous estrogens in healthy
postmenopausal women. Nutr Cancer 2006;56:253e9. https://doi.org/
10.1207/s15327914nc5602_18.

[35] Galland L. Diet and inflammation. Nutr Clin Pract 2010;25:634e40. https://
doi.org/10.1177/0884533610385703.

[36] Santangelo C, Varì R, Scazzocchio B, Di Benedetto R, Filesi C, Masella R.
Polyphenols, intracellular signalling and inflammation. Ann Ist Super Sanita
2007;43:394e405.

[37] Salas-Salvad�o J, Garcia-Arellano A, Estruch R, Marquez-Sandoval F, Corella D,
Fiol M, et al. Components of the Mediterranean-type food pattern and serum
inflammatory markers among patients at high risk for cardiovascular disease.
Eur J Clin Nutr 2008;62:651e9. https://doi.org/10.1038/sj.ejcn.1602762.

[38] Yu J, Bi X, Yu B, Chen D. Isoflavones: anti-inflammatory benefit and possible
caveats. Nutrients 2016;8:361. https://doi.org/10.3390/nu8060361.

[39] Shivappa N, Steck SE, Hurley TG, Hussey JR, H�ebert JR. Designing and
developing a literature-derived, population-based dietary inflammatory
index. Public Health Nutr 2014;17:1689e96. https://doi.org/10.1017/
S1368980013002115.

[40] Mazidi M, Gao H-K, Vatanparast H, Kengne AP. Impact of the dietary fatty acid
intake on C-reactive protein levels in US adults. Medicine (Baltim) 2017;96:
e5736. https://doi.org/10.1097/MD.0000000000005736.

[41] Smidowicz A, Regula J. Effect of nutritional status and dietary patterns on
human serum C-reactive protein and interleukin-6 concentrations. Adv Nutr
2015;6:738e47. https://doi.org/10.3945/an.115.009415.

[42] Li K, Huang T, Zheng J, Wu K, Li D. Effect of marine-derived n-3 poly-
unsaturated fatty acids on C-reactive protein, interleukin 6 and tumor
necrosis factor a: a meta-analysis. PloS One 2014;9, e88103. https://doi.org/
10.1371/journal.pone.0088103.

[43] Poggio R, Elorriaga N, Gutierrez L, Irazola V, Rubinstein A, Danaei G. Associ-
ations between dietary patterns and serum lipids, apo and C-reactive protein
in an adult population: evidence from a multi-city cohort in South America. Br
J Nutr 2017;117:548e55. https://doi.org/10.1017/S0007114517000514.

[44] Goldberg JE, Schwertfeger KL. Proinflammatory cytokines in breast cancer:
mechanisms of action and potential targets for therapeutics. Curr Drug Tar-
gets 2010;11:1133e46.
[45] Tobias DK, Akinkuolie AO, Chandler PD, Lawler PR, Manson JE, Buring JE, et al.
Markers of inflammation and incident breast cancer risk in the Women's
health study. Am J Epidemiol 2017. https://doi.org/10.1093/aje/kwx250.

[46] Balkwill F, Mantovani A. Inflammation and cancer: back to Virchow? Lancet
2001;357:539e45. https://doi.org/10.1016/S0140-6736(00)04046-0.

[47] Coussens LM, Werb Z. Inflammation and cancer. Nature 2002;420:860e7.
https://doi.org/10.1038/nature01322.

[48] Philip M, Rowley DA, Schreiber H. Inflammation as a tumor promoter in
cancer induction. Semin Cancer Biol 2004;14:433e9. https://doi.org/10.1016/
j.semcancer.2004.06.006.

[49] Baniyash M, Sade-Feldman M, Kanterman J. Chronic inflammation and cancer:
suppressing the suppressors. Cancer Immunol Immunother 2014;63:11e20.
https://doi.org/10.1007/s00262-013-1468-9.

[50] Cai X, Cao C, Li J, Chen F, Zhang S, Liu B, et al. Inflammatory factor TNF-a
promotes the growth of breast cancer via the positive feedback loop of TNFR1/
NF-kB (and/or p38)/p-STAT3/HBXIP/TNFR1. Oncotarget 2017;5. https://
doi.org/10.18632/oncotarget.16873.

[51] Ge I, Rudolph A, Shivappa N, Flesch-Janys D, H�ebert JR, Chang-Claude J.
Dietary inflammation potential and postmenopausal breast cancer risk in a
German case-control study. Breast 2015;24:491e6. https://doi.org/10.1016/
j.breast.2015.04.012.

[52] Tabung FK, Steck SE, Liese AD, Zhang J, Ma Y, Caan B, et al. Association be-
tween dietary inflammatory potential and breast cancer incidence and death:
results from the Women's Health Initiative. Br J Cancer 2016;114:1277e85.
https://doi.org/10.1038/bjc.2016.98.

[53] Tabung FK, Steck SE, Liese AD, Zhang J, Ma Y, Johnson KC, et al. Patterns of
change over time and history of the inflammatory potential of diet and risk of
breast cancer among postmenopausal women. Breast Cancer Res Treat
2016;159:139e49. https://doi.org/10.1007/s10549-016-3925-6.

[54] Huang W-Q, Mo X-F, Ye Y-B, Shivappa N, Lin F-Y, Huang J, et al. A higher
Dietary Inflammatory Index score is associated with a higher risk of breast
cancer among Chinese women: a case?control study. Br J Nutr 2017:1e10.
https://doi.org/10.1017/S0007114517001192.

[55] Zucchetto A, Serraino D, Shivappa N, H?bert JR, Stocco C, Puppo A, et al.
Dietary inflammatory index before diagnosis and survival in an Italian cohort
of women with breast cancer. Br J Nutr 2017:1e7. https://doi.org/10.1017/
S0007114517001258.

[56] Shivappa N, H�ebert JR, Rosato V, Montella M, Serraino D, La Vecchia C.
Association between the dietary inflammatory index and breast cancer in a
large Italian case-control study. Mol Nutr Food Res 2017;61:1600500. https://
doi.org/10.1002/mnfr.201600500.

[57] Shivappa N, Sandin S, L€of M, H�ebert JR, Adami H-O, Weiderpass E. Pro-
spective study of dietary inflammatory index and risk of breast cancer in
Swedish women. Br J Cancer 2015;113:1099e103. https://doi.org/10.1038/
bjc.2015.304.

[58] Shivappa N, Blair CK, Prizment AE, Jacobs DR, H�ebert JR. Prospective study of
the dietary inflammatory index and risk of breast cancer in postmenopausal
women. Mol Nutr Food Res 2017;61:1600592. https://doi.org/10.1002/
mnfr.201600592.

[59] Vahid F, Shivappa N, Hatami M, Sadeghi M, Ameri F, Jamshidi Naeini Y, et al.
Association between dietary inflammatory index (DII) and risk of breast
cancer: a case-control study. Asian Pac J Cancer Prev 2018;19:1215e21.
https://doi.org/10.22034/APJCP.2018.19.5.1215.

[60] Graffouill�ere L, Deschasaux M, Mariotti F, Neufcourt L, Shivappa N, H�ebert JR,
et al. The dietary inflammatory index is associated with prostate cancer risk in
French middle-aged adults in a prospective study. J Nutr 2015;146:785e91.
https://doi.org/10.3945/jn.115.225623.

[61] Segui-Gomez M, Fuente C d l, Vazquez Z, Irala J d, Martinez-Gonzalez MA.
Cohort profile: the “seguimiento Universidad de Navarra” (SUN) study. Int J
Epidemiol 2006;35:1417e22. https://doi.org/10.1093/ije/dyl223.

[62] Martin-Moreno JM, Boyle P, Gorgojo L, Maisonneuve P, Fernandez-
Rodriguez JC, Salvini S, et al. Development and validation of a food frequency
questionnaire in Spain. Int J Epidemiol 1993;22:512e9.

[63] Mataix J. Tablas de composici�on de alimentos [Spanish food composition ta-
bles]. 5th edn. Granada: University of Granada; 2009.

[64] Moreiras O, Carbajal A, Cabrera L. Tablas de composici�on de alimentos [Food
composition tables]. 16th edn. Madrid: Ediciones Pir�amide; 2013.

[65] Hebert JR, Ockene IS, Hurley TG, Luippold R, Well AD, Harmatz MG. Devel-
opment and testing of a seven-day dietary recall. Dietary assessment working
group of the worcester area trial for counseling in hyperlipidemia (WATCH).
J Clin Epidemiol 1997;50:925e37.

[66] Shivappa N, Steck SE, Hurley TG, Hussey JR, Ma Y, Ockene IS, et al.
A population-based dietary inflammatory index predicts levels of
C-reactive protein in the Seasonal Variation of Blood Cholesterol Study
(SEASONS). Public Health Nutr 2014;17:1825e33. https://doi.org/10.1017/
S1368980013002565.

[67] Ruiz-Canela M, Zazpe I, Shivappa N, H�ebert JR, S�anchez-Tainta A, Corella D,
et al. Dietary inflammatory index and anthropometric measures of obesity in
a population sample at high cardiovascular risk from the PREDIMED (PRE-
venci�on con DIeta MEDiterr�anea) trial. Br J Nutr 2015;113:984e95. https://
doi.org/10.1017/S0007114514004401.

[68] Wood LG, Shivappa N, Berthon BS, Gibson PG, Hebert JR. Dietary inflammatory
index is related to asthma risk, lung function and systemic inflammation in
asthma. Clin Exp Allergy 2015;45:177e83. https://doi.org/10.1111/cea.12323.

https://doi.org/10.1111/nure.12083
https://doi.org/10.1111/nure.12083
https://doi.org/10.1002/ijc.30654
https://doi.org/10.3945/ajcn.2010.29619
https://doi.org/10.1001/jamainternmed.2015.4838
https://doi.org/10.1007/s10549-012-2118-1
https://doi.org/10.3390/nu3100839
https://doi.org/10.1089/ars.2007.1740
https://doi.org/10.1158/0008-5472.CAN-09-3565
https://doi.org/10.1016/j.fct.2012.07.037
https://doi.org/10.1016/j.jnutbio.2016.11.005
https://doi.org/10.1016/j.ejca.2005.10.016
https://doi.org/10.1371/journal.pone.0097622
https://doi.org/10.1093/toxsci/kfj190
https://doi.org/10.1207/s15327914nc5602_18
https://doi.org/10.1207/s15327914nc5602_18
https://doi.org/10.1177/0884533610385703
https://doi.org/10.1177/0884533610385703
http://refhub.elsevier.com/S0261-5614(18)32468-3/sref36
http://refhub.elsevier.com/S0261-5614(18)32468-3/sref36
http://refhub.elsevier.com/S0261-5614(18)32468-3/sref36
http://refhub.elsevier.com/S0261-5614(18)32468-3/sref36
https://doi.org/10.1038/sj.ejcn.1602762
https://doi.org/10.3390/nu8060361
https://doi.org/10.1017/S1368980013002115
https://doi.org/10.1017/S1368980013002115
https://doi.org/10.1097/MD.0000000000005736
https://doi.org/10.3945/an.115.009415
https://doi.org/10.1371/journal.pone.0088103
https://doi.org/10.1371/journal.pone.0088103
https://doi.org/10.1017/S0007114517000514
http://refhub.elsevier.com/S0261-5614(18)32468-3/sref44
http://refhub.elsevier.com/S0261-5614(18)32468-3/sref44
http://refhub.elsevier.com/S0261-5614(18)32468-3/sref44
http://refhub.elsevier.com/S0261-5614(18)32468-3/sref44
https://doi.org/10.1093/aje/kwx250
https://doi.org/10.1016/S0140-6736(00)04046-0
https://doi.org/10.1038/nature01322
https://doi.org/10.1016/j.semcancer.2004.06.006
https://doi.org/10.1016/j.semcancer.2004.06.006
https://doi.org/10.1007/s00262-013-1468-9
https://doi.org/10.18632/oncotarget.16873
https://doi.org/10.18632/oncotarget.16873
https://doi.org/10.1016/j.breast.2015.04.012
https://doi.org/10.1016/j.breast.2015.04.012
https://doi.org/10.1038/bjc.2016.98
https://doi.org/10.1007/s10549-016-3925-6
https://doi.org/10.1017/S0007114517001192
https://doi.org/10.1017/S0007114517001258
https://doi.org/10.1017/S0007114517001258
https://doi.org/10.1002/mnfr.201600500
https://doi.org/10.1002/mnfr.201600500
https://doi.org/10.1038/bjc.2015.304
https://doi.org/10.1038/bjc.2015.304
https://doi.org/10.1002/mnfr.201600592
https://doi.org/10.1002/mnfr.201600592
https://doi.org/10.22034/APJCP.2018.19.5.1215
https://doi.org/10.3945/jn.115.225623
https://doi.org/10.1093/ije/dyl223
http://refhub.elsevier.com/S0261-5614(18)32468-3/sref62
http://refhub.elsevier.com/S0261-5614(18)32468-3/sref62
http://refhub.elsevier.com/S0261-5614(18)32468-3/sref62
http://refhub.elsevier.com/S0261-5614(18)32468-3/sref62
http://refhub.elsevier.com/S0261-5614(18)32468-3/sref63
http://refhub.elsevier.com/S0261-5614(18)32468-3/sref63
http://refhub.elsevier.com/S0261-5614(18)32468-3/sref63
http://refhub.elsevier.com/S0261-5614(18)32468-3/sref64
http://refhub.elsevier.com/S0261-5614(18)32468-3/sref64
http://refhub.elsevier.com/S0261-5614(18)32468-3/sref64
http://refhub.elsevier.com/S0261-5614(18)32468-3/sref64
http://refhub.elsevier.com/S0261-5614(18)32468-3/sref65
http://refhub.elsevier.com/S0261-5614(18)32468-3/sref65
http://refhub.elsevier.com/S0261-5614(18)32468-3/sref65
http://refhub.elsevier.com/S0261-5614(18)32468-3/sref65
http://refhub.elsevier.com/S0261-5614(18)32468-3/sref65
https://doi.org/10.1017/S1368980013002565
https://doi.org/10.1017/S1368980013002565
https://doi.org/10.1017/S0007114514004401
https://doi.org/10.1017/S0007114514004401
https://doi.org/10.1111/cea.12323


I. Gardeazabal et al. / Clinical Nutrition 38 (2019) 2259e22682268
[69] Shivappa N, Prizment AE, Blair CK, Jacobs DR, Steck SE, H�ebert JR. Dietary
inflammatory index and risk of colorectal cancer in the Iowa Women's Health
Study. Cancer Epidemiol Biomark Prev 2014;23:2383e92. https://doi.org/
10.1158/1055-9965.EPI-14-0537.

[70] Shivappa N, Bosetti C, Zucchetto A, Montella M, Serraino D, La Vecchia C,
et al. Association between dietary inflammatory index and prostate cancer
among Italian men. Br J Nutr 2015;113:278e83. https://doi.org/10.1017/
S0007114514003572.

[71] Shivappa N, Bosetti C, Zucchetto A, Serraino D, La Vecchia C, H�ebert JR. Dietary
inflammatory index and risk of pancreatic cancer in an Italian case-control
study. Br J Nutr 2015;113:292e8. https://doi.org/10.1017/S0007114514003626.
[72] Martínez-Gonz�alez MA, L�opez-Fontana C, Varo JJ, S�anchez-Villegas A,
Martinez JA. Validation of the Spanish version of the physical activity question-
naire used in the nurses' health study and the health professionals' follow-up
study. Public Health Nutr 2005;8:920e7. https://doi.org/10.1079/PHN2005745.

[73] Bes-Rastrollo M, P�erez Valdivieso JR, S�anchez-Villegas A, Alonso �A, Martínez-
Gonz�alez M�A. Validaci�on del peso e índice de masa corporal auto-declarados
de los participantes de una cohorte de graduados universitarios. Rev Esp Obes
2005;3:352e8.

[74] Fowler ME, Akinyemiju TF. Meta-analysis of the association between dietary
inflammatory index (DII) and cancer outcomes. Int J Cancer 2017;141:
2215e27. https://doi.org/10.1002/ijc.30922.

https://doi.org/10.1158/1055-9965.EPI-14-0537
https://doi.org/10.1158/1055-9965.EPI-14-0537
https://doi.org/10.1017/S0007114514003572
https://doi.org/10.1017/S0007114514003572
https://doi.org/10.1017/S0007114514003626
https://doi.org/10.1079/PHN2005745
http://refhub.elsevier.com/S0261-5614(18)32468-3/sref73
http://refhub.elsevier.com/S0261-5614(18)32468-3/sref73
http://refhub.elsevier.com/S0261-5614(18)32468-3/sref73
http://refhub.elsevier.com/S0261-5614(18)32468-3/sref73
http://refhub.elsevier.com/S0261-5614(18)32468-3/sref73
http://refhub.elsevier.com/S0261-5614(18)32468-3/sref73
http://refhub.elsevier.com/S0261-5614(18)32468-3/sref73
http://refhub.elsevier.com/S0261-5614(18)32468-3/sref73
http://refhub.elsevier.com/S0261-5614(18)32468-3/sref73
http://refhub.elsevier.com/S0261-5614(18)32468-3/sref73
http://refhub.elsevier.com/S0261-5614(18)32468-3/sref73
https://doi.org/10.1002/ijc.30922

	Dietary inflammatory index and incidence of breast cancer in the SUN project
	1. Introduction
	2. Material and methods
	2.1. Study population
	2.2. Dietary assessment
	2.3. The dietary inflammatory index (DII®)
	2.4. Evaluation of covariates
	2.5. Ascertainment of incident breast cancer cases
	2.6. Statistical analysis

	3. Results
	3.1. DII scores and risk of BC

	4. Discussion
	5. Conclusions
	Statement of authorship
	Conflict of interest
	Funding sources
	Acknowledgments
	References


