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Abstract: The dietary inflammatory index (DII) has been associated with breast cancer incidence and
survival. However, the association between DII and cancer recurrence and mortality among patients
with breast cancer has not been investigated. Therefore, the present study aimed to investigate
whether DII was positively associated with risk for cancer recurrence and overall mortality among
patients with breast cancer. Among 511 women (51.9 ± 10.7 years; stage 0–3) who underwent
breast cancer surgery, 88 had cancer recurrence, and 44 died during follow–up until 213 months
(average disease free survival of 84.3 ± 42.4 months and overall survival of 69.3 ± 38.9 months).
The DII assessed after surgery (5.4 ± 5.2 months after diagnosis) was significantly higher in patients
with recurrence than those without recurrence, and Cox proportional hazards regression analysis
showed that it was positively associated with the risk for cancer recurrence (hazard ratio (HR) 2.347,
confidence interval (CI) 1.17–4.71) and overall mortality (HR 3.049, CI 1.08–8.83) after adjusting for
confounding factors. Disease-free survival and overall survival rates were significantly lower in
patients with higher DII scores. In addition, the DII was positively associated with the risk for cancer
recurrence according to prognostic factors, such as age (<50 years), premenopausal status, body mass
index (≥25 kg/m2), HR+, tumor size (>2 cm), and presence of lymph node metastasis. The present
study showed that anti-inflammatory diets may decrease the risk of cancer recurrence and overall
mortality in patients with breast cancer, particularly those with prognostic factors, such as younger
age, premenopausal status, obesity, HR+ breast cancer, tumor size >2 cm, and presence of lymph
node metastasis.
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1. Introduction

Breast cancer is one of the most common cancers in women, and the incidence rate of breast
cancer has been increasing worldwide, including in Korea [1,2]. The risk of breast cancer recurrence
has been associated with prognostic factors, such as tumor size, lymph node metastasis, American
Joint Committee on Cancer (AJCC) stage, histologic grade, and hormone receptor status [3].

There is emerging evidence on the role of inflammatory cytokines on the recurrence of breast
cancer [4,5] and mortality [4]. In particular, they modulate hormonal factors associated with breast
cancer. Previous studies have reported that inflammatory cytokines were negatively associated with
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the intake of fiber, carotenoids, and unsaturated fatty acids, but positively associated with the intake of
carbohydrates, saturated fatty acids (SFA), and trans-fatty acids [6,7]. The risk for cancer recurrence
and mortality was also negatively associated with the intake of fiber, β-carotene, and vitamin C,
but positively associated with the intake of fat, SFAs, and unsaturated fatty acids in patients with
breast cancer [8–10]. In addition, inflammatory cytokines were negatively associated with healthy
dietary patterns, but positively associated with western dietary patterns [11,12]. A healthy dietary
pattern was also negatively associated with the recurrence of breast cancer and overall mortality [13,14],
especially in postmenopausal, hormone receptor-negatively women [15]. However, limited evidence
of a relation between an unhealthy dietary pattern and the cancer risk or mortality [14,15].

The dietary inflammatory index (DII), a new tool for assessing the inflammatory potential of the
diet, has been associated with inflammatory cytokines, including interleukin (IL)-1β, IL-4, IL-6, IL-10,
C-reactive protein (CRP), and tumor necrosis factor-α (TNF-α) [16]. Previous studies have reported
that DII was positively associated with the incidence of breast cancer in Chinese, Italian, American,
and Swedish women [17–20], as well as breast cancer mortality in American women [21]. However,
no study has investigated the association between DII and cancer recurrence and mortality in patients
with breast cancer. Therefore, the present study aimed to investigate the association between DII and
the risk for cancer recurrence and overall mortality among patients with breast cancer in Korea.

2. Materials and Methods

2.1. Patient Population

In total, 530 female patients who underwent breast cancer surgery at the breast cancer
clinic of Hanyang University Seoul Hospital were recruited consecutively from June 2000 to
August 2017. Some patients were excluded because of the following reasons: implausible energy
intake (<500 kcal/day or >4000 kcal/day; n = 1), no medical data (n = 1), diet survey after cancer
recurrence (n = 8), and AJCC stage 4 (n = 9). Thus, 511 patients were included in the study and
followed-up until 213 months with average disease free survival of 84.3 ± 42.4 months and overall
survival of 69.3 ± 38.9 months. Recurrence includes a local (n = 12) or regional cancer recurrence
(n = 16), development of contralateral breast cancer (n = 10), and distant metastasis (n = 50). Moreover,
44 deaths were identified from the medical records during follow-up. Local recurrence was defined as
recurrence in residual breast tissue or breast wall, and regional recurrence was defined as recurrence
in the ipsilateral regional lymph nodes.

The study was conducted in accordance with the Declaration of Helsinki, and all procedures were
approved by the institutional review board of Hanyang University Hospital (HYU 2010-02-001-031)
and Hanyang University (HYI-15-070). Prior to enrollment, written informed consent was obtained
from all patients.

2.2. Data Collection

Information about age; height; body weight; menopausal status; status of estrogen receptor (ER),
progesterone receptor (PR), and human epidermal growth factor receptor 2 (HER2); histologic grade;
tumor size; lymph node metastasis status; and type of treatment (chemotherapy, hormonal therapy,
and radiotherapy) was obtained from the medical records and histopathology reports. Tumor stage
and lymph node stage were calculated according to the eighth edition of the AJCC staging system [15].
Body mass index (BMI) was calculated as body weight (kg) divided by height in meters squared (m2).
Patients were categorized as obese if they had a BMI ≥ 25 kg/m2, which is in accordance with the
World Health Organization guidelines for Asians [22].

To investigate whether the effect of the DII score was homogeneous across the strata of prognostic
factors, we carried out stratified analyses according to age group (<50 and ≥50 years), menopausal
status (pre- and postmenopause), BMI (<25 and ≥25 kg/m2), hormone receptor status (HR+ and
HR−), tumor size (≤2 and >2 cm), and lymph node metastasis status (absence and presence).
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A trained dietitian assessed the patient’s diet via a face-to-face interview using a structured 24-h
recall questionnaire after breast cancer surgery (5.4 ± 5.2 months after diagnosis). Dietary intake was
analyzed using CAN-pro version 4.0 (computer-aided nutritional analysis program; Korean Nutrition
Society, Seoul, Korea).

2.3. DII

The calculation of the DII was conducted based on a method previously reported by
Shivappa et al. [16]. Dietary data were linked to the regionally representative world database that
provided a mean and a standard deviation (SD) for each parameter. These parameters were used to
identify an individual’s exposure relative to the standard global mean as a z-score. The problem with
the right skewing of z-scores was solved by converting them to percentiles. They were then centered
on zero, which indicated a null effect on inflammation, by multiplying by 2 and subtracting 1. Finally,
the resulting value was multiplied by the corresponding food parameter effect score and summed
across these food parameter-specific DII scores to obtain the overall DII score.

A lower DII score indicated a higher consumption of anti-inflammatory foods, whereas a higher
DII score showed a higher consumption of pro-inflammatory foods. The DII score that was calculated
based on the 24-h recall survey in this study includes data on 34 of the 45 possible food parameters
comprising the DII: carbohydrate, protein, total fat, fiber, cholesterol, SFA, monounsaturated fatty
acid (MUFA), polyunsaturated fatty acid (PUFA), n-3 PUFA, n-6 PUFA, thiamin, riboflavin, niacin,
vitamin B6, vitamin B12, β-carotene, vitamin A, vitamin C, vitamin D, vitamin E, folic acid, iron,
magnesium, zinc, selenium, pepper, onion, garlic, ginger, turmeric, alcohol, caffeine, and green tea.
The remaining 11 missing food parameters were anthocyanidins, flavan-3-ols, flavonols, flavanones,
flavones, isoflavones, trans fat, eugenol, saffron, thyme, and rosemary. Because we adjusted for energy
intake in the analysis, we did not use this parameter in the calculation of the DII score.

2.4. Statistical Analyses

The Statistical Package for the Social Sciences software version 24.0 (SPSS, Inc., Chicago, IL, USA)
was used for statistical analyses, and p-values < 0.05 were considered statistically significant. The DII
scores were categorized into tertiles based on the distribution of all the patients, and the lowest tertile
of the DII score was used in the reference group in the analyses. Continuous variables were presented
as means ± SD using the independent t-test, and the proportions of nominal variables were compared
using a chi-square test. To assess for confounding factors, a linear regression analysis was performed
between the potential covariates and recurrence status. Moreover, age, BMI, menopausal status,
breast cancer subtype, histologic grade, tumor size, lymph node metastasis, AJCC stage, treatment,
and energy intake were selected. The daily nutrient and food intakes were compared using the analysis
of covariance (ANCOVA) test between the tertiles of the DII score after adjusting for confounding
factors. A significant difference was observed in terms of the dietary intake between the groups,
and this was presented as different letters using the ANCOVA with Bonferroni post hoc test. The
follow-up period began at the date of study entry and ended at the time of the first confirmed cancer
recurrence or death (March 2018), whichever came first. The censoring time for the patients without
an event was defined as the end date of follow-up. The Kaplan–Meier method was used to calculate
cumulative survival probabilities, and the difference between the survival curves was assessed using
the log-rank test. The hazard ratios (HRs) and 95% confidence intervals (CIs) of the association between
the events and tertiles of the DII score were calculated after adjusting for confounding factors via the
Cox proportional hazards regression analysis. p-value for trend was calculated using the DII score as a
continuous variable in the Cox proportional hazards regression analysis.
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3. Results

3.1. Characteristics of Patients with and without Breast Cancer Recurrence

Patients with cancer recurrence were significantly younger; had a higher proportion of BMI
(≥25 kg/m2), negative PR expression, histologic grade 3 tumor, tumor that is >2 cm, and stage 3 lymph
node metastasis; and underwent chemotherapy, compared with those without cancer recurrence (Table 1).

Table 1. Baseline characteristics of patients with and without breast cancer recurrence 1.

With Cancer Recurrence (n = 88) Without Cancer Recurrence (n = 423) p-Value 2

Age (years) 49.57 ± 11.35 52.40 ± 10.50 0.024
Postmenopausal status 38 (43.2) 215 (50.8) 0.192
Body mass index (kg/m2) 23.63 ± 3.32 23.03 ± 2.76 0.115

Body mass index (kg/m2)

<25 58 (65.9) 327 (77.3) 0.024
≥25 30 (34.1) 96 (22.7)

ER expression

Positive 55 (63.2) 302 (71.7) 0.114
Negative 32 (36.8) 119 (28.3)

PR expression

Positive 48 (55.2) 292 (69.4) 0.010
Negative 39 (44.8) 129 (30.6)

HER2 amplification

Amplified 25 (28.7) 113 (26.8) 0.718
Not amplified 62 (71.3) 308 (73.2)

Subtype

HR+/HER2- 45 (51.7) 256 (60.8) 0.176
HR+/HER2+ 18 (20.7) 69 (16.4)
HR−/HER2+ 7 (8.0) 44 (10.5)
HR−/HER2- 17 (19.5) 52 (12.4)

Histologic grade

Grade 1 16 (19.3) 122 (29.9) 0.048
Grade 2 31 (37.3) 160 (39.2)
Grade 3 36 (43.4) 126 (30.9)

Tumor size (cm) 3

≤2 31 (36.0) 251 (59.9) <0.001
>2 55 (64.0) 168 (40.1)

Lymph node metastasis

Absence 48 (54.5) 307 (72.6) 0.001
Presence 40 (45.5) 116 (27.4)

AJCC stage

Stages 0–2 68 (78.2) 372 (88.6) 0.009
Stage 3 19 (21.8) 48 (11.4)

Treatment

Chemotherapy 62 (70.5) 238 (56.3) 0.014
Hormonal therapy 59 (67.0) 318 (75.2) 0.115
Radiotherapy 39 (44.3) 232 (54.8) 0.072
DII score 0.61 ± 1.93 −0.14 ± 2.16 0.003

Death 41 (46.6) 3 (0.7) <0.001

BMI, body mass index; ER, estrogen receptor; PR, progesterone receptor; HER2, human epidermal growth factor
receptor 2; HR, hormone receptor; AJCC, American Joint Committee on Cancer; DII, dietary inflammatory index;
1 values are presented as means ± SD or number of patients (percentage distribution) accordingly; 2 p-values were
analyzed using the independent t-test for continuous variables and chi-square test for categorical variables; 3 largest
tumor diameters.

Forty-one patients with cancer recurrence died as a result of the cancer and three patients without
cancer recurrence died as a result of unknown reasons. The DII score of all the patients ranged
from −5.87 to +5.48, and the scores were higher in patients with recurrence than those without
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recurrence. No significant differences were observed between the patients in terms of menopausal
status, ER expression, HER2 amplification status, subtype, hormonal therapy, and radiotherapy.

3.2. Food and Nutrient Intake of Patients with Breast Cancer According to the DII Score

Patients with the lowest tertile of the DII score significantly consumed more protein, fiber, MUFA,
PUFA, n-3 PUFA, n-6 PUFA, thiamin, riboflavin, niacin, vitamin B6, vitamin B12, β-carotene, vitamin
A, vitamin C, vitamin D, vitamin E, folate, magnesium, selenium, onion, garlic, ginger, and turmeric
than those with the highest tertile of the DII score (Table S1). However, no significant differences were
observed on the consumptions of carbohydrate, total fat, cholesterol, saturated fatty acid, iron, zinc,
pepper, alcohol, caffeine, and green tea between the groups after adjusting for confounding factors.

3.3. Association between the DII Score and the Risk for Cancer Recurrence and Overall Mortality in Patients
with Breast Cancer

In the multivariable-adjusted regression analysis, DII was positively associated with risk for
cancer recurrence and overall mortality after adjusting for confounding factors (Table 2). The risk for
cancer recurrence and overall mortality was significantly higher in patients with the highest tertile
of the DII score than those with the lowest tertile of the DII score. The patients were followed up for
a mean and median period of 69 and 63 (range: 7–213) months, respectively (Figure 1). Because there
was no significant difference on cancer recurrence and overall mortality between patients with the
middle and highest tertile of the DII score, the middle and highest tertiles of the DII score were
grouped and compared with the lowest tertile. Disease-free survival and overall survival in patients
with the lowest tertile of the DII score were significantly higher than those with the middle and highest
tertiles of the DII score. In the strata of prognostic factors, the risk for cancer recurrence was positively
associated with the DII score of patients with breast cancer who are <50 years, premenopausal, and had
a BMI ≥25 kg/m2, HR+ breast cancer, tumor that is >2 cm, and lymph node metastasis (Table 3).
However, the number of deaths was relatively small to confirm the association between DII and risk
for mortality according to prognostic factors.

Table 2. Cox proportional hazards regression analysis of recurrence and mortality in patients with
breast cancer according to the dietary inflammatory index score.

Tertiles of the DII
p for Trend 1

T1 (n = 170)
−2.37 (−5.87–(−1.07))

T2 (n = 170)
−0.10 (−1.08–0.97)

T3 (n = 171)
2.40 (0.98–5.48)

Risk for cancer recurrence

No. of patients with/without
recurrence 18/152 29/141 41/130

Adjusted HR (95% CI) 2 1.0 (ref.) 1.832 (0.94–3.57) 2.347 (1.17–4.71) 0.019

Overall mortality

No. of deaths/survivors 6/164 17/153 21/150
Adjusted HR (95% CI) 2 1.0 (ref.) 2.403 (0.87–6.65) 3.049 (1.08–8.83) 0.041

Ref., reference; 1 estimate of p for trend for a linear trend was based on linear scores derived from the medians of
the tertiles of DII among all patients; 2 adjusted HR (hazard ratio) and 95% CI (confidence interval) were analyzed
via Cox proportional hazards regression analysis after adjusting for age, BMI, postmenopausal status, subtype,
histologic grade, tumor size, lymph node metastasis, AJCC stage, treatment (chemotherapy, hormonal therapy,
and radiotherapy), and energy intake.
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Figure 1. Cumulative disease-free survival (a) and overall survival (b) according to the tertiles of
the dietary inflammatory index (DII) score in patients with breast cancer. Statistical significance was
determined using log-rank test and Kaplan–Meier method.
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Table 3. Cox proportional hazards regression analysis of prognostic factors affecting recurrence in patients with breast cancer according to dietary inflammatory
index score.

No. of Patients
with/without
Recurrence

Tertiles of the DII (HR, 95% CI)2

p for Trend 1
T1 (n = 170)

−2.37 (−5.87–(−1.07))
T2 (n = 170)

−0.10 (−1.08–0.97)
T3 (n = 171)

2.40 (0.98–5.48)

Age (years)

<50 48/189 1.0 (ref.) 3.541 (1.22–10.25) 4.718 (1.63–13.64) 0.006
≥50 40/234 1.0 (ref.) 0.919 (0.35–2.39) 1.636 (0.57–4.74) 0.335

Menopausal status

Premenopause 50/208 1.0 (ref.) 2.101 (0.73–6.04) 3.288 (1.25–8.67) 0.014
Postmenopause 38/215 1.0 (ref.) 1.226 (0.48–3.11) 1.281 (0.41–3.99) 0.669

BMI (kg/m2)

<25 58/327 1.0 (ref.) 1.621 (0.73–3.60) 1.980 (0.87–4.51) 0.109
≥25 30/96 1.0 (ref.) 3.427 (0.66–17.94) 8.460 (1.42–50.24) 0.015

Hormone receptor status

HR+ 63/325 1.0 (ref.) 1.966 (0.89–4.34) 2.374 (1.05–5.37) 0.045
HR− 24/96 1.0 (ref.) 2.189 (0.54–8.91) 4.260 (0.91–19.87) 0.064

Tumor size (cm)

≤2 31/251 1.0 (ref.) 1.053 (0.38–2.91) 0.843 (0.27–2.61) 0.743
>2 55/168 1.0 (ref.) 1.839 (0.74–4.55) 3.603 (1.47–8.86) 0.004

Lymph node metastasis

Absence 48/307 1.0 (ref.) 0.895 (0.37–2.16) 0.983 (0.38–2.56) 0.998
Presence 40/116 1.0 (ref.) 4.245 (1.37–13.19) 5.287 (1.69–16.54) 0.006

Ref., reference; BMI, body mass index; ER, estrogen receptor; PR, progesterone receptor; HER2, human epidermal growth factor receptor 2; HR, hormone receptor; HR+, ER+, and/or PR+;
HR−, ER-, and PR−; 1 estimate of p for trend for a linear trend was based on linear scores derived from the medians of the tertiles of the DII score among all patients corresponding to
prognostic factors; 2HR (hazard ratio) and 95% CI (confidence interval) were analyzed via Cox proportional regression analysis after adjusting for age, BMI, postmenopausal status,
subtype, histologic grade, tumor size, lymph node metastasis, AJCC stage, treatment (chemotherapy, hormonal therapy, and radiotherapy), and energy intake accordingly.
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4. Discussion

The present study showed that DII was positively associated with the risk for cancer recurrence
and overall mortality in patients with breast cancer, and the association was significant in patients
aged <50 years, who are premenopausal, and have a BMI ≥25 kg/m2, HR+ breast cancer, tumor size
>2 cm, and lymph node metastasis.

The association between DII and mortality in patients with breast cancer has not been previously
investigated. In addition, in newly diagnosed patients with breast cancer, the association between DII
and mortality was controversial [21,23]. DII that was assessed before the diagnosis of breast cancer
was positively associated with breast cancer mortality in the Women’s Health Initiative [20], but not
with overall mortality in Italian women [23]. The DII score was lower and generally narrower in
Italian women than in American women because Italian women adhered more to a Mediterranean diet,
which is negatively correlated with DII score [21,23]. In Italian women, the DII score ranged from −2.24
to −0.11, whereas in American women, the DII score ranged from −7.06 to +5.79, which was similar to
that of the present study (from −5.87 to +5.48). Moreover, the score was positively associated with
inflammatory cytokines, including CRP and IL-6 [24,25], which were also positively associated with
the risk for overall mortality in patients with breast cancer. Pro-inflammatory diet has been associated
with inflammatory cytokines, particularly IL-6, which is responsible for breast cell migration, invasion,
proliferation, and apoptosis [26].

The present study first investigated the positive association between DII and the risk for
cancer recurrence in patients with breast cancer. The previous studies showed that DII was
positively associated with the incidence of breast cancer in Chinese, Italian, American, and Swedish
women [17–20], but not in American and German women [21,27]. The inconsistencies in the association
between DII score and the risk of breast cancer incidence is not fully elucidated. However, it could
be attributed to the differences associated with the other underlying characteristics of the population,
such as race and menopausal status. The plasma concentration of estradiol and testosterone in
premenopausal women was positively associated with the risk of breast cancer [28]. In addition,
estrogen replacement therapy increases the risk of breast cancer in postmenopausal women [29].
Previous studies have consistently reported that cytokines, such as TNF-α, IL-1β, and IL-6, increased
estrogen synthesis by the activation of aromatase [30,31]. The level of TNF-α was higher in
premenopausal than postmenopausal women, and it is positively associated with the risk of breast
cancer in premenopausal, but not in postmenopausal women [32]. In postmenopausal women,
the association between DII score and the incidence of breast cancer was significant in the Iowa
Women’s Health Study [19], but not in the Women’s Health Initiative and Mammary Carcinoma
Risk Factor Investigation studies [21,27]. The present study suggested that DII score was positively
associated with the recurrence of breast cancer in premenopausal but not in postmenopausal women,
which indicates a possible association between DII score and estrogen.

Estrogen is also produced by adipose tissues, thus obesity is a well-known risk factor of breast
cancer [33]. In addition, previous studies have consistently reported that BMI was positively associated
with breast cancer incidence, recurrence, and mortality in women, particularly in postmenopausal
women [34,35]. Morris et al. [36] have suggested that obesity caused subclinical inflammation of
adipose tissues characterized by necrotic adipocytes surrounded by macrophages forming crown-like
structures, and this is considered a biomarker of an increased risk for breast cancer and poor prognosis.
Shivappa et al. [19] have reported that DII score was positively associated with the risk of breast
cancer incidence in American women with BMI >30 kg/m2, but not in those with a BMI ≤30 kg/m2.
Consistently, the present study showed that DII score was positively associated with risk of cancer
recurrence in women with breast cancer who have a BMI ≥ 25 kg/m2, but not in those with
a BMI <25 kg/m2.

A previous study has reported that DII score was positively associated with risk for breast cancer
incidence in Chinese women who are ER+ and PR+, but not in those who are ER+ or PR+ [17]. In the
present study, DII score was positively associated with the recurrence of breast cancer in women who
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are HR+, including those who are ER+ and PR+ and ER+ or PR+, and 80% of women who are HR+ were
ER+ and PR+. Patients with ER+ tumors general have a better prognosis than those with ER− tumors.
However, ER+ tumors with inflammatory conditions were more likely aggressive, and these tumors
were associated with a poor outcome and therapeutic failure [37]. Colleoni et al. [38] have reported
that patients with ER+ tumors had a lower recurrence rate within the first five years, but had a higher
recurrence rate after five years compared with those with ER− tumors. Therefore, late recurrence may
be prevented in patients with breast cancer who have ER+ tumors through dietary intake control.

Breast cancer incidence peaks between the ages of 40 and 50 years in individuals in Asian countries,
including Korea, Japan, and China, but between 60 and 70 years in individuals in western countries,
such as America, Canada, and Sweden [39]. This variation in incidence may be due to multiple factors,
including biological, genetic, ethnic, and environmental factors [39]. Wu et al. [40] have found that
high-fat diet (containing 60% calories from fat) increased the levels of IL-6 and TNF-α in young but
not old mice, which indicates that the lack of further upregulation of the pre-existing inflammation in
response to high-fat diet observed in old mice might be due to age-associated impairment in health
conditions that is further deteriorated by high-fat consumption. In Korea, fat intake was 13–19% from
calorie in women aged ≥50 years, but 21–27% in women aged <50 years [41]. On the other hand,
fat intake of American women was 31–37%, and no difference on fat intake was observed between
American women aged ≥50 years and <50 years [42]. In the present study, DII was associated with
the risk of cancer recurrence in women aged <50 years who had higher fat intake, but not those aged
≥50 years.

There has been no previous study regarding the association between DII and tumor size or
lymph node status, but DII has been shown to associate with inflammatory cytokines such as IL-6 and
TNF-α [16]. Previous studies have consistently reported that TNF-α were positively associated with
a larger tumor size and presence of lymph node metastasis in patients with breast cancer [5,43]. Tumor
size and lymph node status are the major components of the AJCC stage, which is a strong predictor
of breast cancer recurrence [3]. The level of IL-6 has been shown to be directly correlated with breast
cancer stage, which is indirectly associated with the prognosis of patients [44].

The present study has a few limitations. First, trastuzumab has been used in our patients with
HER2-overexpression since July 2010, and this drug improves the survival of patients [45]. In the
present study, only 35 out of 511 patients received trastuzumab, which might have a minor impact on
the recurrence of cancer and mortality estimation. Second, 11 of 45 food parameters were not available
for the DII calculation in the present study. Shivappa et al. [24] have reported that the decrease from 45
to 28 parameters was not a drop off in the predictive capability of the DII, which indicates that the
missing food parameters could not have a major impact on the scoring in the present study. Third,
dietary intake was only measured once via a 24-h recall, which may not be sufficient in determining
the patient’s usual intake. However, women with breast cancer were able to adopt to dietary changes
and maintain the changes for up to 24 months [46]. Forth, because of the small number of deaths,
we were unable to confirm the association between DII and risk for mortality per prognostic factors.
Lastly, although adjustments were made for confounders, unmeasured factors may have affected the
results of this study.

5. Conclusions

Pro-inflammatory diet may be positively associated with the risk of cancer recurrence and overall
mortality in patients with breast cancer, particularly those with prognostic factors, such as younger
age, premenopausal status, obesity, HR+, larger tumor size, and presence of lymph node metastasis.
However, further studies must be conducted to investigate whether dietary intervention that is focused
on inflammation could reduce the risk of cancer recurrence and mortality.



Nutrients 2018, 10, 1095 10 of 12

Supplementary Materials: The following materials are available online at http://www.mdpi.com/2072-6643/
10/8/1095/s1. Table S1: Nutrient and food intake of patients with breast cancer according to dietary inflammatory
index score.

Author Contributions: H.J. conducted the study and performed the statistical analysis. H.J. and S.S.K. wrote the
first draft and revised the manuscript. M.S.C. collected the data and reviewed the manuscript. Y.P. designed and
supervised the study and finalized the manuscript. He is also responsible for the work. All authors have read and
approved the final version of this manuscript.

Funding: Korean Research Foundation grant funded by the Korean government: NRF-2015R1D1A1A09060823.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Ferlay, J.; Soerjomataram, I.; Dikshit, R.; Eser, S.; Mathers, C.; Rebelo, M.; Parkin, D.M.; Forman, D.; Bray, F.
Cancer incidence and mortality worldwide: Sources, methods and major patterns in GLOBOCAN 2012.
Int. J. Cancer 2015, 136, E359–E386. [CrossRef] [PubMed]

2. Jung, K.W.; Won, Y.J.; Oh, C.M.; Kong, H.J.; Lee, D.H.; Lee, K.H. Cancer statistics in Korea: Incidence,
mortality, survival, and prevalence in 2014. Cancer Res. Treat. 2017, 49, 292–305. [CrossRef] [PubMed]

3. Isaacs, C.; Stearns, V.; Hayes, D.F. New prognostic factors for breast cancer recurrence. Semin. Oncol. 2001,
28, 53–67. [CrossRef]

4. Sunil, S.B.; Shikha, B.; David, R.B.; Vivien, W.C.; James, L.C.; Basak, D.; Carl, J.D.; Stephen, B.E.; Armando, G.;
Gabriel, N.H.; et al. AJCC Cancer Staging Manual, 8th ed.; The American College of Surgeons (ACS): Chicago,
IL, USA, 2018; pp. 589–636.

5. Ma, Y.; Ren, Y.; Dai, Z.J.; Wu, C.J.; Ji, Y.H.; Xu, J. IL-6, IL-8 and TNF-alpha levels correlate with disease stage
in breast cancer patients. Adv. Clin. Exp. Med. 2017, 26, 421–426. [CrossRef] [PubMed]

6. Galland, L. Diet and inflammation. Nutr. Clin. Pract. 2010, 25, 634–640. [CrossRef] [PubMed]
7. Giugliano, D.; Ceriello, A.; Esposito, K. The effects of diet on inflammation: Emphasis on the metabolic

syndrome. J. Am. Coll. Cardiol. 2006, 48, 677–685. [CrossRef] [PubMed]
8. Rock, C.L. Diet and breast cancer: Can dietary factors influence survival? J. Mammary Gland Biol. 2003,

8, 119–132. [CrossRef]
9. Rock, C.L.; Demark-Wahnefried, W. Nutrition and survival after the diagnosis of breast cancer: A review of

the evidence. J. Clin. Oncol. 2002, 20, 3302–3316. [CrossRef] [PubMed]
10. Makarem, N.; Chandran, U.; Bandera, E.V.; Parekh, N. Dietary fat in breast cancer survival. Annu. Rev. Nutr.

2013, 33, 319–348. [CrossRef] [PubMed]
11. Barbaresko, J.; Koch, M.; Schulze, M.B.; Nothlings, U. Dietary pattern analysis and biomarkers of low-grade

inflammation: A systematic literature review. Nutr. Rev. 2013, 71, 511–527. [CrossRef] [PubMed]
12. Neale, E.P.; Batterham, M.J.; Tapsell, L.C. Consumption of a healthy dietary pattern results in significant reductions

in C-reactive protein levels in adults: A meta-analysis. Nutr. Res. 2016, 36, 391–401. [CrossRef] [PubMed]
13. Vrieling, A.; Buck, K.; Seibold, P.; Heinz, J.; Obi, N.; Flesch-Janys, D.; Chang-Claude, J. Dietary patterns and survival

in German postmenopausal breast cancer survivors. Br. J. Cancer 2013, 108, 188–192. [CrossRef] [PubMed]
14. Schwedhelm, C.; Boeing, H.; Hoffmann, G.; Aleksandrova, K.; Schwingshackl, L. Effect of diet on mortality

and cancer recurrence among cancer survivors: A systematic review and meta-analysis of cohort studies.
Nutr. Rev. 2016, 74, 737–748. [CrossRef] [PubMed]

15. Grosso, G.; Bella, F.; Godos, J.; Sciacca, S.; Del Rio, D.; Ray, S.; Galvano, F.; Giovannucci, E.L. Possible role of
diet in cancer: Systemiatic review and multiple meta-analyses of dietary patterns, lifestyle factors, and cancer
risk. Nutr. Rev. 2017, 75, 405–419. [CrossRef] [PubMed]

16. Shivappa, N.; Steck, S.E.; Hurley, T.G.; Hussey, J.R.; Hebert, J.R. Designing and developing a literature-derived,
population-based dietary inflammatory index. Public Health Nutr. 2014, 17, 1689–1696. [CrossRef] [PubMed]

17. Huang, W.Q.; Mo, X.F.; Ye, Y.B.; Shivappa, N.; Lin, F.Y.; Huang, J.; Hebert, J.R.; Yan, B.; Zhang, C.X. 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, 117, 1358–1367. [CrossRef] [PubMed]

18. Shivappa, N.; Hebert, J.R.; Rosato, V.; Montella, M.; Serraino, D.; Vecchia, C.L. Association between the dietary
inflammatory index and breast cancer in a large Italian case-control study. Mol. Nutr. Food Res. 2017, 61. [CrossRef]
[PubMed]

http://www.mdpi.com/2072-6643/10/8/1095/s1
http://www.mdpi.com/2072-6643/10/8/1095/s1
http://dx.doi.org/10.1002/ijc.29210
http://www.ncbi.nlm.nih.gov/pubmed/25220842
http://dx.doi.org/10.4143/crt.2017.118
http://www.ncbi.nlm.nih.gov/pubmed/28279062
http://dx.doi.org/10.1016/S0093-7754(01)90045-4
http://dx.doi.org/10.17219/acem/62120
http://www.ncbi.nlm.nih.gov/pubmed/28791816
http://dx.doi.org/10.1177/0884533610385703
http://www.ncbi.nlm.nih.gov/pubmed/21139128
http://dx.doi.org/10.1016/j.jacc.2006.03.052
http://www.ncbi.nlm.nih.gov/pubmed/16904534
http://dx.doi.org/10.1023/A:1025791523375
http://dx.doi.org/10.1200/JCO.2002.03.008
http://www.ncbi.nlm.nih.gov/pubmed/12149305
http://dx.doi.org/10.1146/annurev-nutr-112912-095300
http://www.ncbi.nlm.nih.gov/pubmed/23701588
http://dx.doi.org/10.1111/nure.12035
http://www.ncbi.nlm.nih.gov/pubmed/23865797
http://dx.doi.org/10.1016/j.nutres.2016.02.009
http://www.ncbi.nlm.nih.gov/pubmed/27101757
http://dx.doi.org/10.1038/bjc.2012.521
http://www.ncbi.nlm.nih.gov/pubmed/23169282
http://dx.doi.org/10.1093/nutrit/nuw045
http://www.ncbi.nlm.nih.gov/pubmed/27864535
http://dx.doi.org/10.1093/nutrit/nux012
http://www.ncbi.nlm.nih.gov/pubmed/28969358
http://dx.doi.org/10.1017/S1368980013002115
http://www.ncbi.nlm.nih.gov/pubmed/23941862
http://dx.doi.org/10.1017/S0007114517001192
http://www.ncbi.nlm.nih.gov/pubmed/28580895
http://dx.doi.org/10.1002/mnfr.201600500
http://www.ncbi.nlm.nih.gov/pubmed/27794170


Nutrients 2018, 10, 1095 11 of 12

19. Shivappa, N.; Blair, C.K.; Prizment, A.E.; Jacobs, D.R.; Hebert, J.R. Prospective study of the dietary inflammatory
index and risk of breast cancer in postmenopausal women. Mol. Nutr. Food Res. 2017, 61. [CrossRef] [PubMed]

20. Shivappa, N.; Sandin, S.; Lof, M.; Hebert, J.R.; Adami, H.O.; Weiderpass, E. Prospective study of dietary
inflammatory index and risk of breast cancer in Swedish women. Br. J. Cancer 2015, 113, 1099–1103. [CrossRef]
[PubMed]

21. Tabung, F.K.; Steck, S.E.; Liese, A.D.; Zhang, J.; Ma, Y.; Caan, B.; Chlebowski, R.T.; Freudenheim, J.L.;
Hou, L.; Mossavar-Rahmani, Y.; et al. Association between dietary inflammatory potential and breast
cancer incidence and death: Results from the Women’s Health Initiative. Br. J. Cancer 2016, 114, 1277–1285.
[CrossRef] [PubMed]

22. World Health Organization. The Asia-Pacific Perspective: Redefining Obesity and Its Treatment; WHO: Geneva,
Switzerland, 2000; p. 18.

23. Zucchetto, A.; Serraino, D.; Shivappa, N.; Hebert, J.R.; Stocco, C.; Puppo, A.; Falcini, F.; Panato, C.;
Dal Maso, L.; Polesel, J. Dietary inflammatory index before diagnosis and survival in an Italian cohort
of women with breast cancer. Br. J. Nutr. 2017, 117, 1456–1462. [CrossRef] [PubMed]

24. Shivappa, N.; Steck, S.E.; Hurley, T.G.; Hussey, J.R.; Ma, Y.; Ockene, I.S.; Tabung, F.; Hebert, J.R.
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, 1825–1833. [CrossRef] [PubMed]

25. Shivappa, N.; Hebert, J.R.; Rietzschel, E.R.; De Buyzere, M.L.; Langlois, M.; Debruyne, E.; Marcos, A.;
Huybrechts, I. Associations between dietary inflammatory index and inflammatory markers in the Asklepios
study. Br. J. Nutr. 2015, 113, 665–671. [CrossRef] [PubMed]

26. Dethlefsen, C.; Højfeldt, G.; Hojman, P. The role of intratumoral and systemic IL-6 in breast cancer.
Breast Cancer Res. Treat. 2013, 138, 657–664. [CrossRef] [PubMed]

27. Ge, I.; Rudolph, A.; Shivappa, N.; Flesch-Janys, D.; Hebert, J.R.; Chang-Claude, J. Dietary inflammation
potential and postmenopausal breast cancer risk in a German case-control study. Breast 2015, 24, 491–496.
[CrossRef] [PubMed]

28. Eliassen, A.H.; Missmer, S.A.; Tworoger, S.S.; Spiegelman, D.; Barbieri, R.L.; Dowsett, M.; Hankinson, S.E.
Endogenous steroid hormone concentrations and risk of breast cancer among premenopausal women. J. Natl.
Cancer Inst. 2006, 98, 1406–1415. [CrossRef] [PubMed]

29. Collaborative Group on Hormonal Factors in Breast Cancer. Breast cancer and hormone replacement therapy:
Collaborative reanalysis of data from 51 epidemiological studies of 52,705 women with breast cancer and
108,411 women without breast cancer. Lancet 1997, 350, 1047–1059. [CrossRef]

30. Honma, S.; Shimodaira, K.; Shimizu, Y.; Tsuchiya, N.; Saito, H.; Yanaihara, T.; Okai, T. The influence of
inflammatory cytokines on estrogen production and cell proliferation in human breast cancer cells. Endocr. J.
2002, 49, 371–377. [CrossRef] [PubMed]

31. Purohit, A.; Newman, S.P.; Reed, M.J. The role of cytokines in regulating estrogen synthesis: Implications for
the etiology of breast cancer. Breast Cancer Res. 2002, 4, 65–69. [CrossRef] [PubMed]

32. Agnoli, C.; Grioni, S.; Pala, V.; Allione, A.; Matullo, G.; Gaetano, C.D.; Tagliabue, G.; Sieri, S.; Krogh, V.
Biomarkers of inflammation and breast cancer risk: A case-control study nested in the EPIC-Varese cohort.
Sci. Rep. 2017, 7, 12708. [CrossRef] [PubMed]

33. Carmichael, A. Obesity as a risk factor for development and poor prognosis of breast cancer. Int. J. Obstet. Gynaecol.
2006, 113, 1160–1166. [CrossRef] [PubMed]

34. Jiralerspong, S.; Goodwin, P.J. Obesity and breast cancer prognosis: Evidence, challenges, and opportunities.
J. Clin. Oncol 2016, 34, 4203–4216. [CrossRef] [PubMed]

35. Jain, R.; Strickler, H.D.; Fine, E.; Sparano, J.A. Clinical studies examining the impact of obesity on breast
cancer risk and prognosis. J. Mammary Gland Biol. 2013, 18, 257–266. [CrossRef] [PubMed]

36. Morris, P.G.; Hudis, C.A.; Giri, D.; Morrow, M.; Falcone, D.J.; Zhou, X.K.; Du, B.; Brogi, E.; Crawford, C.B.;
Kopelovich, L.; et al. Inflammation and increased aromatase expression occur in the breast tissue of obese
women with breast cancer. Cancer Prev. Res. 2011, 4, 1021–1029. [CrossRef] [PubMed]

37. Baumgarten, S.C.; Frasor, J. Minireview: Inflammation: An instigator of more aggressive estrogen receptor
(ER) positive breast cancers. Mol. Endocrinol. 2012, 26, 360–371. [CrossRef] [PubMed]

http://dx.doi.org/10.1002/mnfr.201600592
http://www.ncbi.nlm.nih.gov/pubmed/27860246
http://dx.doi.org/10.1038/bjc.2015.304
http://www.ncbi.nlm.nih.gov/pubmed/26335605
http://dx.doi.org/10.1038/bjc.2016.98
http://www.ncbi.nlm.nih.gov/pubmed/27100730
http://dx.doi.org/10.1017/S0007114517001258
http://www.ncbi.nlm.nih.gov/pubmed/28606221
http://dx.doi.org/10.1017/S1368980013002565
http://www.ncbi.nlm.nih.gov/pubmed/24107546
http://dx.doi.org/10.1017/S000711451400395X
http://www.ncbi.nlm.nih.gov/pubmed/25639781
http://dx.doi.org/10.1007/s10549-013-2488-z
http://www.ncbi.nlm.nih.gov/pubmed/23532539
http://dx.doi.org/10.1016/j.breast.2015.04.012
http://www.ncbi.nlm.nih.gov/pubmed/25987487
http://dx.doi.org/10.1093/jnci/djj376
http://www.ncbi.nlm.nih.gov/pubmed/17018787
http://dx.doi.org/10.1016/S0140-6736(97)08233-0
http://dx.doi.org/10.1507/endocrj.49.371
http://www.ncbi.nlm.nih.gov/pubmed/12201223
http://dx.doi.org/10.1186/bcr425
http://www.ncbi.nlm.nih.gov/pubmed/11879566
http://dx.doi.org/10.1038/s41598-017-12703-x
http://www.ncbi.nlm.nih.gov/pubmed/28983080
http://dx.doi.org/10.1111/j.1471-0528.2006.01021.x
http://www.ncbi.nlm.nih.gov/pubmed/16945118
http://dx.doi.org/10.1200/JCO.2016.68.4480
http://www.ncbi.nlm.nih.gov/pubmed/27903149
http://dx.doi.org/10.1007/s10911-013-9307-3
http://www.ncbi.nlm.nih.gov/pubmed/24221746
http://dx.doi.org/10.1158/1940-6207.CAPR-11-0110
http://www.ncbi.nlm.nih.gov/pubmed/21622727
http://dx.doi.org/10.1210/me.2011-1302
http://www.ncbi.nlm.nih.gov/pubmed/22301780


Nutrients 2018, 10, 1095 12 of 12

38. Colleoni, M.; Sun, Z.; Price, K.N.; Karlsson, P.; Forbes, J.F.; Thürlimann, B.; Gianni, L.; Castiglione, M.; Gelber, R.D.;
Coates, A.S.; et al. Annual hazard rates of recurrence for breast cancer during 24 years of follow-up: Results from
the international breast cancer study group trials I to V. J. Clin. Oncol. 2016, 34, 927–935. [CrossRef] [PubMed]

39. Leong, S.P.; Shen, Z.Z.; Liu, T.J.; Agarwal, G.; Tajima, T.; Paik, N.S.; Sandelin, K.; Derossis, A.; Cody, H.;
Foulkes, W.D. Is breast cancer the same disease in Asian and Western countries? World J. Surg. 2010, 34, 2308–2324.
[CrossRef] [PubMed]

40. Wu, D.; Ren, Z.; Pae, M.; Han, S.N.; Meydani, S.N. Diet-induced obesity has a differential effect on adipose
tissue and macrophage inflammatory responses of young and old mice. Biofactors 2013, 39, 326–333. [CrossRef]
[PubMed]

41. Korea Health Statistics 2016: Korea National Health and Nutrition Examination Survey (KNHANES VI-VII).
Available online: http://knhanes.cdc.go.kr/knhance/eng/index.do (accessed on 10 December 2016).

42. Wakimoto, P.; Block, G. Dietary intake, dietary patterns, and changes with age: An epidemiological
perspective. J. Gerontol. A Biol. Sci. Med. Sci. 2001, 56, 65–80. [CrossRef] [PubMed]

43. Sheen-Chen, S.M.; Chen, W.J.; Eng, H.L.; Chou, F.F. Serum concentration of tumor necrosis factor in patients
with breast cancer. Breast Cancer Res. Treat. 1997, 43, 211–215. [CrossRef] [PubMed]

44. Ravishankaran, P.; Karunanithi, R. Clinical significance of preoperative serum interleukin-6 and C-reactive
protein level in breast cancer patients. World J. Surg. Oncol. 2011, 9, 18. [CrossRef] [PubMed]

45. Yin, W.; Jiang, Y.; Shen, Z.; Shao, Z.; Lu, J. Trastuzumab in the adjuvant treatment of HER2-positive early
breast cancer patients: A meta-analysis of published randomized controlled trials. PLoS ONE 2011, 6, e21030.
[CrossRef] [PubMed]

46. Pinto, B.M.; Eakin, E.; Maruyama, N.C. Health behavior changes after a cancer diagnosis: What do we know
and where do we go from here? Ann. Behav. Med. 2000, 22, 38–52. [CrossRef] [PubMed]

© 2018 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1200/JCO.2015.62.3504
http://www.ncbi.nlm.nih.gov/pubmed/26786933
http://dx.doi.org/10.1007/s00268-010-0683-1
http://www.ncbi.nlm.nih.gov/pubmed/20607258
http://dx.doi.org/10.1002/biof.1075
http://www.ncbi.nlm.nih.gov/pubmed/23345024
http://knhanes.cdc.go.kr/knhance/eng/index.do
http://dx.doi.org/10.1093/gerona/56.suppl_2.65
http://www.ncbi.nlm.nih.gov/pubmed/11730239
http://dx.doi.org/10.1023/A:1005736712307
http://www.ncbi.nlm.nih.gov/pubmed/9150900
http://dx.doi.org/10.1186/1477-7819-9-18
http://www.ncbi.nlm.nih.gov/pubmed/21294915
http://dx.doi.org/10.1371/journal.pone.0021030
http://www.ncbi.nlm.nih.gov/pubmed/21695277
http://dx.doi.org/10.1007/BF02895166
http://www.ncbi.nlm.nih.gov/pubmed/10892527
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Patient Population 
	Data Collection 
	DII 
	Statistical Analyses 

	Results 
	Characteristics of Patients with and without Breast Cancer Recurrence 
	Food and Nutrient Intake of Patients with Breast Cancer According to the DII Score 
	Association between the DII Score and the Risk for Cancer Recurrence and Overall Mortality in Patients with Breast Cancer 

	Discussion 
	Conclusions 
	References

