CANCER EPIDEMIOLOGY, BIOMARKERS & PREVENTION | RESEARCH ARTICLE

Adherence to Dietary Recommendations among
Long-Term Breast Cancer Survivors and Cancer Outcome

Associations

Check for
updates

Fei Wang"?, Hui Cai', Kai Gu, Liang Shi®, Danxia Yu', Minlu Zhang®, Wei Zhengd', Ying Zheng?,

Pingping Bao®, and Xiao-Ou Shu'

Background: Adherence to dietary recommendations has been
shown to be associated with reduced mortality in healthy popula-
tions. Little is known about the possible benefits of adherence to
dietary recommendations among breast cancer survivors.

Methods: Dietary information was collected using food frequen-
cy questionnaires at the 5-year postdiagnosis survey in 3,450 5-year
breast cancer survivors from the Shanghai Breast Cancer Survival
Study. Adherence scores to Chinese Food Pagoda (CHFP)-2007,
CHFP-2016, modified Dietary Approaches to Stop Hypertension
(DASH), and Healthy Eating Index 2015 (HEI-2015) were created.
Cox proportional hazards models were used to estimate hazard
ratios (HR) and 95% confidence intervals (CI) for total mortality
and breast cancer-specific events according to adherence scores.

Results: Participants in the highest quartiles of CHFP-2007,
CHFP-2016, and DASH had 25% to 34% lower risk of total

Introduction

Breast cancer is one of the most commonly diagnosed malignancies
around the world (1). Long-term breast cancer survival is common,
with 5-year relative survival rates around 90% in developed countries
or regions (2, 3). In 2018, it was estimated that, within the previous
5 years, there were approximately 6.9 million female breast cancer
survivors globally, constituting one sixth of all cancer survivors (4).

Worldwide, various dietary recommendations have been developed
for general populations, including the Dietary Guidelines for Amer-
icans (assessed by the Healthy Eating Index, HEI; ref. 5) and Dietary
Approaches to Stop Hypertension (DASH; ref. 6). Better adherence to
these recommendations has been associated with lower risk of devel-
oping and/or dying from cardiovascular disease, diabetes, and cancer
among healthy populations (7, 8). Healthy lifestyles, including healthy
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mortality (HR, 0.66; 95% CI, 0.48-0.89 for CHFP-2007; HR,
0.75; 95% CI, 0.55-1.01 for CHFP-2016; HR, 0.66; 95% CI,
0.49-0.91 for DASH), and 36% to 40% lower risk of breast
cancer-specific events (HR, 0.64; 95% CI, 0.44-0.93 for CHFP-
2007; HR, 0.67; 95% CI, 0.45-0.99 for CHFP-2016; HR, 0.60;
95% CI, 0.40-0.90 for DASH) comparing with the lowest
quartiles. Associations did not vary by known prognostic fac-
tors. HEI-2015 scores were not significantly associated with
breast cancer outcomes.

Conclusions: Higher adherence to CHFP and DASH dietary
guidelines post-cancer diagnosis was associated with reduced risk
of both overall death and breast cancer-specific recurrence or
death among long-term breast cancer survivors.

Impact: Our study highlights the importance of overall dietary
quality among long-term breast cancer survivors.

dietary patterns, play an important role in breast cancer prognosis (9)
and have been included in several breast cancer survivorship care
guidelines (10, 11). However, little empirical evidence is available on
whether these dietary recommendations apply to breast cancer survi-
vors. A few studies have suggested that better adherence to HEI-2005
may be associated with reduced overall mortality among breast cancer
survivors (12, 13).

In 2007, the Chinese Nutrition Society and Ministry of Health
developed the Chinese Food Pagoda (CHFP) guideline for healthy
dietary patterns for Chinese populations (14), which was updated in
2016 (15). Previously, we showed that better adherence to the CHFP-
2007 in urban populations was associated with lower mortality from
cancer, cardiovascular disease, and diabetes among middle aged and
elderly Chinese women and men (16). Hereby, using prospective
participant data from the Shanghai Breast Cancer Survival Study
(SBCSS), we examined associations between adherence to the
CHFP-2007/2016 and total mortality, as well as breast cancer-specific
recurrence or/and death among 5-year breast cancer survivors, and
further compared them with those adhering to American guidelines
HEI-2015 and DASH.

Materials and Methods

Study population

The SBCSS is a longitudinal, population-based cohort study, includ-
ing 5,042 women ages 25 to 70 years with a primary breast cancer
diagnosis between March 2002 and April 2006 (17). All patients were
identified from the population-based Shanghai Cancer Registry and
recruited into the study approximately 6-months after breast cancer
diagnosis. In-person follow-up surveys were conducted at approxi-
mately 1.5, 3, 5, and 10 years after diagnosis, with response rates of
92.8%, 88.2%, 82.5%, and 87.8% for the entire cohort, respectively
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Figure 1.
Flowchart of study design.
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Outcomes for final analysis
374 Total mortality
252 Breast cancer—specific mortality
228 Breast cancer—specific events*
(recurrence/metastasis or breast cancer—specific mortality)

*Participants who reported breast cancer recurrence/metastasis before dietary survey (n = 175)
or participants who were lost to follow-up at 10-year postdiagnosis in-person follow-up survey
and did not die from breast cancer (n = 189) were excluded from breast cancer—specific events
analyses, resulting in 3,088 participants and 228 events.

(Fig. 1). A total of 4,332 participants survived 5 years or longer after
cancer diagnosis and were eligible for the current study. Among them,
3,575 (participation rate: 82.5%) completed the 5-year postdiagnosis
in-person follow-up interview (5.3 & 0.2 years after diagnosis) between
October 2007 and October 2011 and completed a detailed dietary
assessment. After exclusion of 125 cases with in situ breast cancer,
3,450 5-year survivors with invasive breast cancer (i.e., stage I to IV)
were left for the current study. This study was approved by the
Institutional Review Boards of all participating institutions, and
written informed consent was acquired for all participants before
recruitment. This study was conducted in accordance with the Dec-
laration of Helsinki.

Data collection

Allin-person surveys were carried out by trained interviewers using
structured questionnaires. The 6-month survey collected demographic
characteristics, reproductive history, personal and family disease
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history, and selected lifestyle factors (alcohol, tea drinking, smoking,
physical activity, soy food and cruciferous vegetable intake). Infor-
mation on post-cancer diagnosis physical activity (i.e., type, frequency,
duration and year of participation) was collected using a validated
exercise questionnaire (18) at in-person follow-up surveys, and a
metabolic equivalent of task (MET)-hours/week score was calculated
for each participant (19). Self-reported information on selected
diseases such as diabetes mellitus, hypertension, coronary heart dis-
ease, and stroke was also collected and used to derive the Charlson
Comorbidity Index, with a score of zero indicating no comorbidity at
cancer diagnosis (20). Height and weight measurements were taken
following standard protocols. The above-mentioned information was
updated at postdiagnosis follow-up surveys, at which disease recur-
rence and survival status were also assessed.

Clinical information, including cancer stage, tumor estrogen recep-
tor (ER) status, progesterone receptor (PR) status, human epidermal
growth factor receptor 2 (HER2) status, and primary treatments, was
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collected from medical charts obtained from diagnostic hospitals.
Breast cancer diagnoses were confirmed by a combination of medical
records review and central review of pathological slides.

Comprehensive dietary assessment at 5-year follow-up

Semiquantitative food frequency questionnaires (FFQ) containing 7
categories (grains; meat; dairy products; vegetables; fruits; nuts; and
sugar, salt and oil) of 95 commonly consumed food items in the
Shanghai area were administered to study participants. FFQs first
asked questions on frequencies (daily, weekly, monthly, yearly or
never), followed by quantities (liangs, 50 g) for each item consumed
during the 12 months preceding the 5-year postdiagnosis survey.
Validity and reproducibility of the FFQ were previously assessed
among 191 female participants from the present study's region (21).
The correlation coefficients, comparing two FFQs (intervals ranged
from 1.65 to 2.66 years), were 0.37 to 0.66 for food group intake and
0.47 to 0.59 for nutrient and energy intakes. The ranges of correlation
coefficients comparing FFQ and 24-hour dietary recalls were 0.41 to
0.66 for both food group and nutrient intakes. Energy and nutrient
intakes were calculated on the basis of the Chinese Food Composition
Table, 2002 (22). Dietary intakes were adjusted for total energy intake
using the density method and standardized to 2,000 kcal/d.

Dietary recommendation adherence scores

Recommendation adherence scores for CHFP-2007, CHFP-2016,
DASH and HEI-2015 were created for each participant (5, 6, 14, 15).
The CHFP-2007 and CHFP-2016 included the same 11 food groups,
but with slightly different recommended intake amounts for: salt; fats
and oil; dairy products; beans; meat and poultry; fish; eggs; vegetables;
fruits; grains; and water (Supplementary Tables S1 and S2). Because of
the lack of daily water intake data in our questionnaire, CHFP scores
were calculated on the basis of 10 of the 11 components, with total
scores ranging from 0 (lowest adherence) to 45 (highest adherence)
points. Following the scoring method used to create the HEI-2005 (23),
standards for maximum and 0 points for individual food items were
determined by recommended dietary intakes, and intermediate intake
scores were proportionately calculated between minimum and max-
imum (14, 15). For several food groups in the CHFP-2016, which
includes a range of recommended intakes, the upper range value was
used to derive scores. Similarly, modified DASH scores (0 to 70 points)
were calculated on the basis of 7 components in the DASH eating plan:
vegetables; fruits; dairy products; poultry, fish and eggs; nuts (nuts,
beans, legumes); fats and oil; and sodium (Supplementary Table S3;
ref. 6). Serving sizes were estimated by converting the amount con-
sumed in grams, in our FFQ, to DASH servings (16).

Modified HEI-2015 scores included 12 of 13 components from
recommendations for: total fruits; whole fruits; total vegetables; greens
and beans; dairy; total protein; seafood and plant protein; refined
grains; added sugars; fatty acids; sodium; and saturated fats (Supple-
mentary Table S4; ref. 5). Information on whole grains was not
collected in our FFQ due to low consumption in the Shanghai area;
thus, was excluded in the HEI-2015 calculation. Three steps were used
to calculate HEI-2015 (5). First, each FFQ food item was matched to
2015-2020 Dietary Guidelines for Americans (Eighth Edition) to
determine the accurate food group, subgroup or nutrient for that
item (24). Second, the amount of each relevant dietary subgroup was
determined. Intake amounts were estimated by converting the amount
consumed in grams, used in the SBCSS, to ounces or cups in the HEI-
2015: g/oz was converted following the ratio of 1/28.3; g/cup followed
the Food Patterns Equivalents Database, 2015-2016 Methodology and
User Guide (25). Finally, component densities (i.e., amount of dietary
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component per 1,000 kcal of energy intake) were derived and scored
according to HEI-2015 totals (0 to 100 points). We counted legumes
toward total vegetables and greens and beans.

Outcome assessment

Information on breast cancer recurrence/metastasis, mortality and
cause of death for current study participants was collected during the
10-year postdiagnosis in-person survey, with a response rate of 93.8%.
Survival status and cause of death were supplemented by periodic
record linkage to the Shanghai Vital Statistics Registry for SBCSS
participants, including 208 non-respondents of the 10-year in-person
survey, with the most recent linkage conducted December 31, 2017.
Through the linkages, additional 153 total deaths, including 82 breast
cancer-specific deaths, were identified for current study participants.
Because of the extremely low out-migration rate in Shanghai, follow-
up for vital status was approximately 100%.

Primary endpoints included in this study were total mortality (death
from any cause), breast cancer-specific events (i.e., new recurrence,
metastasis, or death related to breast cancer) and breast cancer-specific
mortality occurring 5 years after cancer diagnosis. Participants who
had breast cancer recurrence/metastasis before dietary survey (n =
175), or participants who did not participate in the 10-year post-
diagnosis in-person survey and did not die from breast cancer (n =
189) at the latest record linkage were excluded from analyses for breast
cancer-specific events. Cardiovascular disease was the most common
cause of death other than breast cancer (n = 20). Because of the low
event rate, cause-specific mortality other than breast cancer was not
evaluated.

Statistical analysis

Participants were classified by quartile distributions of each dietary
recommendation adherence score. Descriptive patterns for each group
were compared using x” tests for categorical variables and ANOVA for
continuous variables. Cox proportional hazards models were used to
estimate hazard ratios (HR) and 95% confidence intervals (CI) for total
mortality, breast cancer-specific events and breast cancer-specific
mortality, in association with adherence scores, using age as a time
scale. Entry time was set as age at dietary survey (ie., 5-year post-
diagnosis survey). Vital status was censored at the date of the last in-
person follow-up survey or date of death due to causes other than breast
cancer, whichever came first, for breast cancer-specific events and
breast cancer-specific mortality analyses, and at date of death or the
most recent linkage date for total mortality analyses. Two sets of HRs
and 95% CI were presented, first with adjustment for age at dietary
survey, interval between diagnosis and dietary survey, and total energy
intake; second, with further adjustment for income (monthly personal
income>1,000 yuan, or <1,000 yuan), education (high school or above;
secondary school or lower), marriage (married or not), menopausal
status at diagnosis (premenopausal or postmenopausal), BMI at dietary
survey (<25.0kg/m? or >25.0kg/m?), physical activity at dietary survey
(categorized by median value, i.e., 9.58 mets-h/wk), ER status (positive,
negative, or borderline), PR status (positive, negative, or borderline),
HER?2 status (positive, negative, borderline, or unknown), TNM stage
(L IL, ITI-IV, or unknown), comorbidity (yes or no), chemotherapy (yes
or no), radiation (yes or no), and immunotherapy (yes or no). HRs and
95% Cls for every 5-point increment of adherence scores were calcu-
lated by treating the scores as continuous variables. Linearity of the
associations between dietary scores and all study endpoints were
individually evaluated using restricted cubic spline function, and the
linearity assumption was confirmed. Stratified analyses were con-
ducted by ER status, PR status, HER2 status, TNM stage, education
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(high school or above), income (monthly personal income >1,000
yuan), BMI at 6-month survey and at dietary survey (25.0 kg/m” as the
cutoff), age at dietary survey, comorbidity at 6-month survey, and
physical activity at dietary survey (median as the cutoff). Multiplicative
interaction was evaluated by including both the main effect and
interactive terms in Cox models, in which both dietary scores and
stratified factors were treated as continuous variables. Sensitivity
analyses were carried out by exclusion of participants with breast
cancer recurrence/metastasis before dietary survey (n = 175).

All statistical tests were based on two-sided probability, with
significance level set at P < 0.05. Statistical analyses were performed
using SAS (Version 9.4; SAS Institute Inc.) and R 3.5.1 (R Foundation).

Results

A total of 3,450 5-year breast cancer survivors were included in the
final analysis. In general, participant adherence scores to the 4 recom-
mendations were correlated. Spearman's correlation coefficient was
0.95 between CHFP-2007 and CHFP-2016, 0.67 between CHFP-2007
and DASH, 0.64 between CHFP-2007 and HEI 2015, and 0.50 between
DASH and HEI-2015 scores (P < 0.001 for all). Mean (£SD) dietary
adherence scores were 35.2 & 5.3 (range, 14.5-45.0) for CHFP-2007,
31.5 & 5.4 (range, 13.2-44.6) for CHFP-2016, 43.4 £ 8.3 (range, 8.3-
67.7) for DASH, and 61.9 £+ 5.4 for HEI-2015 (range, 38.0-78.5;
Supplementary Tables S1-S4).

Higher adherence to CHFP-2007 was observed among younger
participants (Table 1). Compared with participants within the lowest
CHFP-2007 quartile (i.e., 14.5-31.6), those within the highest quartile
(i.e., 39.2-45.0) had better education, higher income, and a higher rate
of family history of breast cancer. These participants were also less
likely to smoke or drink, and more likely to have higher physical
activity and lower BMI. Higher proportions of early-stage cancer were
observed among participants within the highest quartile, who were
more likely to receive endocrine therapy and immunotherapy com-
paring with those with lowest adherence scores.

Over 8 years following the dietary survey, 374 deaths occurred, with
252 attributed to breast cancer (67.4%). Among participants who had
no breast cancer recurrence/metastasis within 5 years post-cancer
diagnosis, 228 developed a new breast cancer-specific event. Higher
CHFP-2007, CHFP-2016, and DASH scores were associated with
lower risk of total mortality, after adjustment for age, daily energy
intake, interval between diagnosis and dietary survey, and additional
potential confounders (i.e., BMI and physical activity at dietary
survey). HRs of total mortality, comparing highest with lowest quar-
tiles, were 0.66 (95% CI, 0.48-0.89) for CHFP-2007, 0.75 (95% CI,
0.55-1.01) for CHFP-2016, and 0.66 (95% CI, 0.49-0.91) for DASH.
Every 5-point increment in adherence scores of the above CHFP-2007,
CHFP-2016 and DASH recommendations was associated with an 7%
to 13% reduction in total mortality risk. A similar tendency was
observed for HEI-2015, though not significant (Table 2).

A total of 3,088 participants were included in the breast cancer-
specific event analysis. Higher CHFP-2007 and DASH scores were
associated with lower risk of breast cancer-specific events, with fully
adjusted HRs of 0.64 (95% CI, 0.44-0.93) for CHFP-2007, and 0.60
(95% CI, 0.40-0. 90) for DASH, comparing highest to lowest quartiles.
Every 5-point increment in CHFP-2007, CHFP-2016, and DASH
scores was associated with an 8% to 16% lower risk of breast can-
cer-specific events. HEI-2015 was not significantly associated with
breast cancer-specific events (Table 3). Similar association patterns
and point estimates were observed for breast cancer—specific mortality
analyses (Supplementary Table S5, online only).
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We found little evidence of modification from known/suspected
prognostic factors in the stratified analyses for both dietary scores
(Figs. 2 and 3; Supplementary Table S6, online only). Associations of
adherence to individual dietary items with cancer outcomes were only
significant for a few items (i.e., dairy product; fruits; and poultry, fish
and eggs; Supplementary Tables S1-S4, online only). After excluding
survivors who had breast cancer recurrence/metastasis before the
dietary survey (e.g., within 5 years post-cancer diagnosis), associations
of dietary adherence scores with total mortality or breast cancer-
specific mortality remained essentially unchanged (Supplementary
Tables S7, online only).

Discussion

In this population-based prospective cohort study, we found that
higher adherence to dietary recommendations, including CHFP and
DASH, was similarly associated with reduced total mortality risk and
breast cancer-specific recurrence and death among female, Chinese
breast cancer long-term survivors. Associations with adherence to
HEI-2015 were not significant.

Herein, we showed that dietary guidelines, originally designed
toward general populations for the prevention of chronic disease (16),
may also benefit female breast cancer survivors. It is worth mentioning
that, compared with our previous study among healthy women in the
same area (16), the mean CHFP-2007 score among 5-year breast
cancer survivors was higher (35.2 £ 5.3 vs. 33.4 & 4.2), indicating
possible improvements to dietary quality after breast cancer diagnosis.
This is consistent with previous reports that cancer survivors tend to
make healthier lifestyle choices following cancer diagnosis (26, 27).
However, participants with low education or income showed lower
adherence scores, indicating the importance of enhancing health
promotion among these populations.

In general, our findings are supported by the Women's Health
Initiative (WHI), which included 2,317 patients, with dietary intake
assessed at 1.5 years after breast cancer diagnosis (12), as well as the
Health, Eating, Activity, and Lifestyle (HEAL) Study, which conducted
30-month postdiagnosis dietary assessments among 670 breast cancer
patients (13). Both studies, with median follow-ups of 6 (HEAL) and
9.6 (WHI) years, found that higher postdiagnosis adherence to HEI-
2005 was associated with reduced risk of overall mortality among
breast cancer survivors, by 60% (HRq4.q1:0.40; 95% CI, 0.17-0.94) in
the HEAL Study, and 26% (HRq4.q1:0.74; 95% CI, 0.55-0.99) in the
WHI. Similarly, the Life After Cancer Epidemiology (LACE)
Study (28), which recruited 1,901 breast cancer survivors 11 to
39 months after cancer diagnosis, showed that increasing adherence
to prudent dietary patterns was associated with decreasing risk of
overall death (HR, 0.57; 95% CI, 0.36-0.90).

Furthermore, our study showed a 33% to 41% lower risk of breast
cancer recurrence/metastasis or death and 30% to 42% lower breast
cancer-specific mortality for 5-year breast cancer survivors with the
highest adherence scores to dietary guidelines. This is consistent with
the HEAL Study (13), but different from most other previous research
studies (12, 28, 29), which showed no association at or beyond a 6-year
follow-up period. However, none of these previous studies focused on
long-term survivors (from 1.5 to 3.25 years after cancer diagnosis). It is
possible that dietary intake has different effects on short- and long-
term breast cancer outcomes. Events occurring shortly after cancer
diagnosis may be heavily influenced by disease biology and cancer
treatments, whereas influence of dietary intake may be too small to be
identified. Plus, dietary intake is more variable and difficult to assess
accurately during the period close to cancer diagnosis and treatment.
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Table 1. Characteristics according to quartiles of CHFP-2007 score.

Characteristics st quartile 2nd quartile 3rd quartile 4th quartile
(N = 870) (N = 872) (N = 843) (N = 865) P

Age at survey (y) 60.7 +10.4% 59.0 +10.0 583 +9.4 57.5+ 8.9 <0.001
Interval between diagnosis and dietary survey (y) 53+0.2 53+ 0.2 53+0.2 53+ 0.2 0.25
CHFP-2007 score (median, [range])? 28.9 (14.5-31.6) 33.8 (31.6-35.6) 37.4 (35.6-39.2) 41.3 (39.2-45.0) <0.001
Total mortality 136 87 84 67 <0.001
Breast cancer-specific events 18 77 67 59 <0.001
Breast cancer-specific mortality 94 56 57 45 <0.001
High education (%)¢ 39.9 51.0 58.2 64.1 <0.001
High income (%)¢ 321 39.0 47.7 51.0 <0.001
Marriage (%) <0.001

Married 84.7 86.7 89.6 91.3

Otherwise 15.3 13.3 10.4 8.7
Menopause at diagnosis (%) <0.001

No 441 50.3 51.0 56.3

Yes 55.9 49.7 49.0 437
ER (%) 0.003

Positive 68.9 62.6 67.9 63.0

Negative 30.1 35.6 31.7 36.3

Unknown 1.0 1.8 0.5 0.7
PR (%) 0.10

Positive 61.2 57.5 59.8 59.4

Negative 37.4 40.5 39.6 39.7

Unknown 15 21 0.6 0.9
HER2 (%) 0.30

Positive 213 20.8 224 22.3

Borderline 8.1 6.2 6.4 5.0

Negative 50.7 51.8 53.0 51.2

Unknown 20.0 21.2 18.2 215
TNM stage (%) 0.06

| 341 38.9 38.2 39.7

Il 52.4 48.4 522 50.8

/v 7.7 7.2 6.1 53

Unknown 5.8 55 3.6 43
Surgery (%) 0.29

Mastectomy 96.0 94.2 94.7 94.2

Conservation 4.0 59 53 5.8
Chemotherapy (%) 91.5 91.6 92.4 935 0.37
Endocrine therapy (%) 423 46.4 48.2 47.8 0.06
Radiotherapy (%) 29.4 29.8 311 30.6 0.87
Immunotherapy (%) 12.6 13.1 17.1 17.1 0.01
Family history of breast cancer (%) 59 4.2 53 6.9 0.10
Family history of cancer (%) 35.8 35.0 35.7 339 0.83
Ever drinking (%) 3.0 3.7 29 2.2 0.34
Ever smoking (%) 3.2 1.8 2.3 1.2 0.02
BMI at survey (kg/m?) 24.6 + 3.8 245+ 35 242 + 35 24.0 + 3.3 0.001
Physical activity at survey (MET-h/wk) 1.0 +£14.0 128 +14.7 131+ 144 14.6 +14.8 <0.001
Comorbidity at 6-month survey (%) 28.7 19.2 16.7 14.3 <0.001

Abbreviations: BMI, body mass index; CHFP-2007, Chinese Food Pagoda 2007; ER, estrogen receptor; HER2, human epidermal growth factor receptor 2; PR,

progesterone receptor.

“Mean =+ SD (all such values).

®The range may overlap across adjacent quartiles due to rounding to one digit.
“Defined as having a high school education or more.

9Defined as a monthly personal income >1,000 yuan.

€Comorbidity was assessed using Charlson Comorbidity Index, with a score of zero indicating no comorbidity at time of cancer diagnosis.

The Iowa Women's Health Study (IWHS; ref. 30), also showed that
postdiagnosis adherence to dietary recommendations (according to
the 2007 World Cancer Research Fund/American Institute for Cancer
Research report; WCRF/AICR) was not significantly associated with
breast cancer-specific mortality (HR, 0.88; 95% CI, 0.41-1.91). How-
ever, this study included only 938 breast cancer survivors who were

390 Cancer Epidemiol Biomarkers Prev; 29(2) February 2020

elderly women with an average age of 78.9 years at high competing risk
of death (median comorbidity was two at dietary assessment; ref. 30).

The CHFP-2016 reflects more advanced knowledge in nutrition and
recent evidence in the general population and may be relevant for
current and future long-term breast cancer survivors. On the other
hand, the dietary survey for our study participants was conducted
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Total mortality

Diet Adherence and Breast Cancer Outcome

Breast cancer-specific events

Subgroups Deaths/participants HR (95%Cl) Pinteraction  Events/participants HR (95%Cl) Pinteraction

ER Status 0.72 0.48
Positive 271/2,262 0.89 (0.80-1.00) —— 177/2,022 0.86 (0.74-0.99) -
Negative 99/1,153 0.83 (0.68-1.01) —— 50/1,034 0.69 (0.51-0.93) ——

PR Status 0.39 0.14
Positive 244/2,051 0.91 (0.81-1.02) — 152/1,830 0.91 (0.78-1.06) i
Negative 125/1,355 0.83 (0.69-1.01) —— 741,217 0.65 (0.50-0.84) —-—

HER?2 Status 0.54 0.22
Positive 60/748 0.85 (0.64-1.13) —_—— 32/662 0.68 (0.48-0.96) ——
Negative 206/1,783 0.82 (0.71-0.95) —— 127/1,606 0.83 (0.69-1.00) -

Education 0.01 0.11
High 162/1,837 1.02 (0.87-1.19) —— 116/1,647 0.95 (0.79-1.14) -
Low 212/1,613 0.75 (0.65-0.86) —— 112/1,441 0.74 (0.61-0.90)

Income 0.09 0.94
High 134/1,462 1.00 (0.85-1.18) — 84/1,303 0.82 (0.66-1.02) ——
Low 240/1,988 0.79 (0.69-0.90) —— 144/1,785 0.79 (0.66-0.94) -

BMI at diagnosis 0.97 0.81
>25.0 157/1,098 0.79 (0.67-0.93) — 89/971 0.78 (0.64-0.97) ——
<25.0 217/2,352 0.93 (0.81-1.05) — 139/2,117 0.89 (0.75-1.04) -

BMI at survey 0.90 0.37
>25.0 166/1,316 0.88 (0.75-1.03) ——r 108/1,177 0.86 (0.71-1.04) -
<25.0 208/2,134 0.86 (0.76-0.98) —— 120/1,911 0.81 (0.68-0.97) -

Age at survey 0.55 0.30
<60 145/2,128 0.87 (0.73-1.03) — 111/1,901 0.78 (0.64-0.96) -
260 229/1,322 0.88 (0.78-0.99) — 117/1,187 0.88 (0.74-1.04) -

Comorbidity 0.63 0.83
No 264/2,768 0.85 (0.76-0.96) —— 179/2,484 0.85 (0.73-0.98) -
Yes 110/682 0.88 (0.74-1.05) — 49/604 0.77 (0.59-1.01) ——

Physical activity 0.76 0.93
Low 204/1,728 0.90 (0.79-1.02) — 122/1,545 0.86 (0.72-1.02) -
High 170/1,722 0.78 (0.67-0.92) —— 106/1,543 0.76 (0.62—-0.94) —-—

TNM 0.99 0.12
| 295/3,058 0.87 (0.78-0.98) —— 185/2,747 0.81 (0.70-0.93) -
Hnnv 59/227 0.89 (0.66-1.21) —_— 29/192 1.23 (0.73-2.09) —_1—

Recurrence at survey <0.001 -
No 269/3,237 0.87 (0.78-0.98) —— 215/3,061 0.85 (0.74-0.97) -
Yes 91/175 1.03 (0.81-1.33) i - - 1

OSR(QQ%CI;W oal-i:i‘(;s%cl)
Figure 2.

HRs (95% Cl) for total mortality and breast cancer-specific events by CHFP-2007 score in stratified analyses. Breast cancer-specific events were defined as new
recurrence or metastasis of breast cancer and deaths from breast cancer. Participants who reported breast cancer recurrence/metastasis before dietary survey (n =
175) or participants who were lost to follow-up at 10-year postdiagnosis in-person follow-up survey and did not die from breast cancer (n =189) were excluded from
breast cancer-specific events analyses. Cox regression model was adjusted for age at 60-month survey, intervals between diagnosis and 60-month survey, total
energy intake, income, education, marriage, menopausal status at diagnosis, BMI at 60-month survey, physical activity at 60-month survey, ER, PR, HER2, TNM
stages, comorbidity, chemotherapy, radiotherapy, and immunotherapy. HR was shown for every 5-point increase. BMI, body mass index; Cl, confidence interval; ER,
estrogen receptor; HER2, human epidermal growth factor receptor 2; HR, hazard ratio; PR, progesterone receptor.

between 2007 and 2011, during which the CHFP-2007 was the official
dietary recommendation. Therefore, both dietary scores were included
in the current study. We found significant associations only for the
CHFP-2007, but not for the CHFP-2016 score. Both guidelines include
the same food components, but the CHFP-2016 includes ranges of
recommended intakes for many food groups. We applied the upper
limits of recommended ranges in our scoring, which resulted in lower
overall CHFP-2016 scores than CHFP-2007 and may have introduced
misclassifications in the CHEF-2016 score, resulting lower statistical
power. Therefore, our findings based on the 2016 guidelines should be
interpreted with caution.

Few studies have investigated dietary patterns—breast cancer out-
come associations by cancer subtypes. We found that association
patterns did not differ across ER, PR, or HER2 subgroups. This is
consistent with the WHI Study, which showed no significant inter-
actions between HEI-2005 score and ER status (P = 0.45; ref. 12). In
our study, known/suspected prognostic factors such as BMI and
physical activity also did not modify the associations. The latter was
consistent with findings from both HEAL and LACE studies (14, 28),

AACRJournals.org

indicating that the benefit from better-quality dietary habits may be
independent from other lifestyle factors.

We found little evidence to support that individual dietary compo-
nents were significantly associated with breast cancer outcomes. The
WHI Study (12), as well as the study by Beasley and colleagues (31),
which included 4,441 female breast cancer survivors within 5 years of
diagnosis, with follow-up periods of 5 and 9.6 years, also did not find
significant associations of individual dietary item intake with breast
cancer outcome. According to the WCRF/AICR report (11), there is
still not enough strong evidence to make specific dietary recommen-
dations for breast cancer survivors. These results indicate that overall
dietary patterns, rather than individual dietary components, should be
promoted among breast cancer survivors.

The biologic mechanisms for dietary adherence and cancer outcome
associations are not entirely understood. Research has shown that
breast cancer survivors with higher HEI-2005 or HEI-2010 scores had
lower serum proinflammatory cytokines (32, 33), which are believed to
be related to breast cancer growth (34). Nonetheless, because our study
was an observational cohort study, this association should be

Cancer Epidemiol Biomarkers Prev; 29(2) February 2020
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Total mortality Breast cancer—specific events
Subgroups Deaths/participants HR (95%Cl) Pinteraction Events/participants HR (95%Cl) Pinteraction
ER Status 0.61 0.22
Positive 271/2,262 0.93 (0.87-1.00) —= 177/2,022 0.94 (0.86-1.03) =
Negative 99/1,153 0.91 (0.81-1.03) — 50/1,034 0.81 (0.68-0.97) ——
PR Status 0.24 0.22
PR Positive 244/2,051 0.95 (0.88-1.02) —r 152/1,830 0.96 (0.87-1.06) -
PR Negative 125/1,355 0.88 (0.79-0.99) ——] 741,217 0.85 (0.73-0.98) ——|
HER2 Status 0.31 0.05
Positive 60/748 0.83 (0.71-0.98) — 32/662 0.73 (0.59-0.92) ——
Negative 206/1,783 0.90 (0.83-0.98) —— 127/1,606 0.92 (0.83-1.03) -
Education 0.23 0.21
High 162/1,837 0.97 (0.88-1.07) —e 116/1,647 0.97 (0.86-1.09) —-
Low 212/1,613 0.90 (0.83-0.97) —— 112/1,441 0.89 (0.80—-0.99) -
Income 0.68 0.14
High 134/1,462 0.95 (0.85-1.05) — 84/1,303 0.84 (0.74-0.96) ——|
Low 240/1,988 0.91 (0.84-0.98) —— 144/1,785 0.94 (0.85-1.04) =T
BMI at diagnosis 0.75 0.76
>25.0 157/1,098 0.84 (0.76-0.92) —— 89/971 0.89 (0.79-1.01) -
<25.0 217/2,352 0.99 (0.91-1.07) —a 139/2,117 0.93 (0.84—1.04) =
BMI at survey 0.79 0.23
>25.0 166/1,316 0.91 (0.83-1.00) —— 108/1,177 0.95 (0.85-1.07) -
<25.0 208/2,134 0.93 (0.85-1.01) —— 120/1,911 0.88 (0.78-0.98) =
Age at survey 0.88 0.69
<60 145/2,128 0.99 (0.88-1.08) — 111/1,901 0.98 (0.87-1.11) -
>60 229/1,322 0.90 (0.83-0.97) —-— 117/1,187 0.86 (0.77-0.96) -
Comorbidity 0.38 0.29
No 264/2,768 0.91 (0.84-0.97) - 179/2,484 0.94 (0.86-1.03) =
Yes 110/682 0.97 (0.87-1.09) —— 49/604 0.84 (0.70-1.01) ——
Physical activity 0.48 0.56
Low 204/1,728 0.95 (0.73-1.03) —r 122/1,545 0.92 (0.82-1.02) -
High 170/1,722 0.87 (0.79-0.96) —— 106/1,543 0.92 (0.82-1.05) —-
TNM 0.32 0.07
onm 295/3,058 0.91 (0.85-0.97) —— 185/2,747 0.90 (0.82—-0.98) -
v 59/227 1.04 (0.87-1.24) —— 29/192 1.18 (0.83-1.67) —1—
Recurrence at survey <0.001 -
No 269/3,237 0.92 (0.86-0.99) —=— 215/3,061 0.91 (0.84-0.99) -
Yes 91/175 0.94 (0.83-1.07) — - -
L — rr
08 1 12 08 1 12
HR (95%Cl) HR (95%Cl)
Figure 3.

HRs (95% Cl) for total mortality and breast cancer-specific events by DASH score in stratified analyses. Breast cancer-specific events were defined recurrence or
metastasis of breast cancer after dietary survey and deaths from breast cancer. Participants who reported breast cancer recurrence/metastasis before dietary survey
(n=175) or participants who were lost to follow-up at 10-year postdiagnosis in-person follow-up survey and did not die from breast cancer (n =189) were excluded
from breast cancer-specific events analyses. Cox regression model was adjusted for age at 60-month survey, intervals between diagnosis and 60-month survey, total
energy intake, income, education, marriage, menopausal status at diagnosis, BMI at 60-month survey, physical activity at 60-month survey, ER, PR, HER2, TNM
stages, comorbidity, chemotherapy, radiotherapy, and immunotherapy. HR was shown for every 5-point increase. BMI, body mass index; Cl, confidence interval; ER,
estrogen receptor; HER2, human epidermal growth factor receptor 2; HR, hazard ratio; PR, progesterone receptor.

interpreted with caution, and future mechanical research and possible
interventional studies are needed.

One of the most important advantages of our study is the employment
of multidimensional dietary recommendations, which enabled us to
investigate multiple dietary components as a whole. Further strengths of
our study include a large sample size of long-term breast cancer
survivors, a narrow window of dietary assessment (5.3 £ 0.2 years
post-cancer diagnosis), a population-based prospective study design, and
long-term and complete mortality follow-up, as well as comprehensive
information on cancer characteristics, treatments and postdiagnosis
activity, which provided us adequate statistical power, even in our
stratified analyses. Our study also has some limitations. First, although
FFQs used in our study were validated and administered by in-person
interviewers, dietary measurement errors are inevitable. Second, mis-
calculation of dietary scores could not be ruled out, especially for the
CHFP-2016, in which ranges of intakes are recommended for several
food groups. Third, some dietary components originally proposed in the
HEI-2015 were not included in our questionnaires because of low
consumption in our study area (e.g., refined grains and whole grains;

394 Cancer Epidemiol Biomarkers Prev; 29(2) February 2020

ref. 35). In addition, consumption of some items was estimated by
converting the amount in grams to serving sizes in cups, following
food pattern guidelines, which may underestimate predictive values
for DASH and HEI-2015. Fourth, we cannot completely rule out the
possible misclassification of self-reported recurrence/metastasis due to
lack of adjudication. However, the in-person survey rate for our study
population was high (93.8%), and because recurrence/metastasis are
serious outcomes, cancer survivors are less likely to make that mistake.
Last but not the least, there is a potential over-attribution of breast
cancer-specific death among breast cancer survivors.

In summary, in this large prospective cohort study including 3,450
5-year breast cancer survivors, we found that higher adherence to
dietary guidelines was associated with reduced risk of both overall
deaths, and breast cancer-specific recurrence or/and death. Our
findings support that long-term breast cancer survivors would benefit
from adherence to either Chinese or US dietary guidelines directed
toward the general population for chronic disease prevention, and
healthy dietary patterns should be included in health promotion and
management for long-term breast cancer survivors.

CANCER EPIDEMIOLOGY, BIOMARKERS & PREVENTION

#20Z 4990300 Z| U0 3s8nb Aq ypd-98¢/2£59822/98¢/2/62/4Pd-0o1e/dgeo/B10"sleuinofioee//:dly woly papeojumod



Disclosure of Potential Conflicts of Interest

No potential conflicts of interest were disclosed.

Authors’ Contributions

Conception and design: D. Yu, P. Bao, X.-O. Shu

Development of methodology: D. Yu, Y. Zheng, X.-O. Shu

Acquisition of data (provided animals, acquired and managed patients, provided
facilities, etc.): K. Gu, L. Shi, D. Yu, M. Zhang, W. Zheng, Y. Zheng, P. Bao, X.-O. Shu
Analysis and interpretation of data (e.g., statistical analysis, biostatistics,
computational analysis): F. Wang, H. Cai, D. Yu

Writing, review, and/or revision of the manuscript: F. Wang, H. Cai, D. Yu,
W. Zheng, X.-O. Shu

Administrative, technical, or material support (i.e., reporting or organizing data,
constructing databases): H. Cai, P. Bao, X.-O. Shu

Study supervision: Y. Zheng, X.-O. Shu

References

1. Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre LA, Jemal A. Global cancer
statistics 2018: GLOBOCAN estimates of incidence and mortality worldwide for
36 cancers in 185 countries. CA Cancer ] Clin 2018;68:394-424.

2. Siegel RL, Miller KD, Jemal A. Cancer statistics, 2019. CA Cancer J Clin 2019;69:
7-34.

3. Angelis RD, Sant M, Coleman MP, Francisci S, Baili P, Pierannunzio D, et al.
Cancer survival in Europe 1999-2007 by country and age: results of EURO-
CARE-5—a population-based study. Lancet Oncol 2014;15:23-34.

4. Ferlay J, Ervik M, Lam F, Colombet M, Mery L, Pineros M, et al.
Global cancer observatory: cancer today. Lyon, France: International Agency
for Research on Cancer; 2018. [cited 2019 Apr 4]. Available from: http://gco.
iarc.fr/today.

5. Kirkpatrick SI, Reedy J, Krebs-Smith SM, Pannucci TE, Subar AF, Wilson MM,
etal. Applications of the healthy eating index for surveillance, epidemiology, and
intervention research: considerations and caveats. ] Acad Nutr Diet 2018;118:
1603-21.

6. Your guide to lowering your blood pressure with DASH. NIH Publication No.
06-4082. Bethesda, MD: National Institutes of Health, National Heart, Lung, and
Blood Institute; 2006. Available from: https://www.nhlbi.nih.gov/files/docs/pub
lic/heart/new_dash.pdf.

7. Liese AD, Krebs-Smith SM, Subar AF, George SM, Harmon BE, Neuhouser ML,
et al. The dietary patterns methods project: synthesis of findings across cohorts
and relevance to dietary guidance. ] Nutr 2015;145:393-402.

8. Harmon BE, Boushey CJ, Shvetsov YB, Ettienne R, Reedy J, Wilkens LR, et al.
Associations of key diet-quality indexes with mortality in the multiethnic cohort:
the dietary patterns methods project. Am J Clin Nutr 2015;101:587-97.

9. Miller KD, Siegel RL, Lin CC, Mariotto AB, Kramer JL, Rowland JH, et al.
Cancer treatment and survivorship statistics, 2016. CA Cancer J Clin 2016;
66:271-89.

10. Runowicz CD, Leach CR, Henry NL, Henry KS, Mackey HT, Cowens-Alvarado
RL, etal. American Cancer Society/ American Society of Clinical Oncology breast
cancer survivorship care guideline. CA Cancer J Clin 2016;66:43-73.

11. Continuous Update Project Expert Report 2018. Survivors of breast and other
cancers. World Cancer Research Fund/American Institute for Cancer Research;
2018. [cited 2019 Aug 11]. Available from: dietandcancerreport.com.

12. George SM, Ballard-Barbash R, Shikany JM, Caan BJ, Freudenheim JL, Kroenke
CH, et al. Better postdiagnosis diet quality is associated with reduced risk of death
among postmenopausal women with invasive breast cancer in the Women's
Health Initiative. Cancer Epidemiol Biomarkers Prev 2014;23:575-83.

13. George SM, Irwin ML, Smith AW, Neuhouser ML, Reedy J, McTiernan A, et al.
Postdiagnosis diet quality, the combination of diet quality and recreational
physical activity, and prognosis after early-stage breast cancer. Cancer Causes
Control 2011;22:589-98.

14. Yuan YQ,LiF, WuH, Wang YC, Chen JS, He GS, et al. Evaluation of the validity
and reliability of the Chinese Healthy Eating Index. Nutrients 2018;10:E114.

15. Wang SS, Lay S, Yu HN, Shen SR. Dietary guidelines for Chinese residents
(2016): comments and comparisons. ] Zhejiang Univ Sci B 2016;17:649-56.

16. Yu D, Zhang X, Xiang Y-B, Yang G, Li H, Gao YT, et al. Adherence to dietary
guidelines and mortality: a report from prospective cohort studies of 134,000
Chinese adults in urban Shanghai. Am J Clin Nutr 2014;100:693-700.

17. Shu XO, Zheng Y, Cai H, Gu K, Chen Z, Zheng W, et al. Soy food intake and
breast cancer survival. JAMA 2009;302:2437-43.

AACRJournals.org

Diet Adherence and Breast Cancer Outcome

Acknowledgments

We would like to thank all the participants and staff involved in the SBCSS. We also
thank Dr. Mary Shannon Byers, Ph.D., M.S., for her assistance in editing this article. F.
Wang is a visiting postdoctoral fellow supported by the program of China Scholarship
Council (201806225032). This work was supported by the U.S. Department of
Defense Breast Cancer Research Program (DAMD 17-02-1-0607; to X.-O. Shu); the
National Cancer Institute at the National Institutes of Health (R0O1 CA118229; to X.-
0. Shu); and the National Natural Science Foundation of China (81402734; to P. Bao).

The costs of publication of this article were defrayed in part by the payment of page
charges. This article must therefore be hereby marked advertisement in accordance
with 18 U.S.C. Section 1734 solely to indicate this fact.

Received July 23, 2019; revised September 30, 2019; accepted December 10, 2019;
published first December 23, 2019.

18. Matthews CE, ShuXO, Yang G, Jin F, Ainsworth BE, Liu D, et al. Reproducibility
and validity of the Shanghai Women's Health Study physical activity question-
naire. Am ] Epidemiol 2003;158:1114-22.

19. Adams SA, Matthews CE, Hebert JR, Moore CG, Cunningham JE, Shu XO, et al.
Association of physical activity with hormone receptor status: the Shanghai
Breast Cancer Study. Cancer Epidemiol Biomarkers Prev 2006;15:1170-8.

20. Nechuta S, Lu W, Zheng Y, Cai H, Bao PP, Gu K, et al. Comorbidities and breast
cancer survival: a report from the Shanghai Breast Cancer Survival Study.
Breast Cancer Res Treat 2013;139:227-35.

21. ShuXO, YangG,JinF, Liu D, Kushi L, Wen W, et al. Validity and reproducibility
of the food frequency questionnaire used in the Shanghai Women's Health Study.
Eur J Clin Nutr 2004;58:17-23.

22. JuL,YuD,FangH, Guo Q,XuX,LiS, et al. Trends and food sources composition
of energy, protein and fat in Chinese residents, 1992-2012. Wei Sheng Yan Jiu
2018;47:689-704.

23. Guenther PM, Reedy J, Krebs-Smith SM. Development of the Healthy Eating
Index-2005. ] Am Diet Assoc 2008;108:1896-901.

24. DeSalvo KB. Public health 3.0: applying the 2015-2020 dietary guidelines for
Americans. Public Health Rep 2016;131:518-21.

25. Bowman SA, Clemens JC, Shimizu M, Friday JE, Moshfegh AJ. Food patterns
equivalents database 2015-2016: methodology and user guide [online]. Beltsville,
MD: Food Surveys Research Group, Beltsville Human Nutrition Research Center,
Agricultural Research Service, U.S. Department of Agriculture. [cited 2018 Sep].
Available from: http://www.ars.usda.gov/nea/bhnrc/fsrg.

26. Tsay SL, Ko WS, Lin KP. The lifestyle change experiences of cancer survivors.
J Nurs Res 2017;25:328-35.

27. Hagen KB, Aas T, Kvaloy JT, Seiland H, Lind R. Diet in women with breast
cancer compared to healthy controls—what is the difference? Eur ] Oncol Nurs
2018;32:20-4.

28. Kwan ML, Weltzien E, Kushi LH, Castillo A, Slattery ML, Caan BJ. Dietary
patterns and breast cancer recurrence and survival among women with early-
stage breast cancer. ] Clin Oncol 2009;27:919-26.

29. Kroenke CH, Fung TT, Hu FB, Holmes MD. Dietary patterns and survival after
breast cancer diagnosis. J Clin Oncol 2005;23:9295-303.

30. Inoue-Choi M, Robien K, Lazovich D. Adherence to the WCRF/AICR guidelines
for cancer prevention is associated with lower mortality among older female
cancer survivors. Cancer Epidemiol Biomarkers Prev 2013;22:792-802.

31. Beasley JM, Newcomb PA, Trentham-Dietz A, Hampton JM, Bersch AJ,
Passarelli MN, et al. Post-diagnosis dietary factors and survival after invasive
breast cancer. Breast Cancer Res Treat 2011;128:229-36.

32. George SM, Neuhouser ML, Mayne ST, Irwin ML, Albanes D, Gail MH, et al.
Postdiagnosis diet quality is inversely related to a biomarker of inflammation among
breast cancer survivors. Cancer Epidemiol Biomarkers Prev 2010;19:2220-8.

33. Orchard TS, Andridge RR, Yee LD, Lustberg MB. Diet quality, inflammation,
and quality of life in breast cancer survivors: a cross-sectional analysis of pilot
study data. ] Acad Nutr Diet 2018;118:578-88.e1.

34. Hsieh CC, Wang CH. Aspirin disrupts the crosstalk of angiogenic and inflam-
matory cytokines between 4T1 breast cancer cells and macrophages.
Mediators Inflamm 2018;2018:6380643.

35. Krebs-Smith SM, Pannucci TE, Subar AF, Kirkpatrick SI, Lerman JL, Tooze JA,
et al. Update of the Healthy Eating Index: HEI-2015. ] Acad Nutr Diet 2018;118:
1591-602.

Cancer Epidemiol Biomarkers Prev; 29(2) February 2020

395

#20Z 4990300 Z| U0 3s8nb Aq ypd-98¢/2£59822/98¢/2/62/4Pd-0o1e/dgeo/B10"sleuinofioee//:dly woly papeojumod


http://gco.iarc.fr/today
http://gco.iarc.fr/today
http://gco.iarc.fr/today
https://www.nhlbi.nih.gov/files/docs/public/heart/new_dash.pdf
https://www.nhlbi.nih.gov/files/docs/public/heart/new_dash.pdf
https://www.nhlbi.nih.gov/files/docs/public/heart/new_dash.pdf
dietandcancerreport.com
http://www.ars.usda.gov/nea/bhnrc/fsrg


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings true
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 0
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 900
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ([Based on '[High Quality Print]'] Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames false
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides true
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        18
        18
        18
        18
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 18
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [792.000 1224.000]
>> setpagedevice


