
Are diet quality scores after breast cancer diagnosis associated
with improved breast cancer survival?

Monika A. Izano1,2, Teresa T. Fung1,3, Stephanie S Chiuve4,5, Frank B. Hu1,2, and Michelle
D. Holmes1,2

1The Channing Division of Network Medicine, Department of Medicine, Brigham and Women’s
Hospital and Harvard Medical School, Boston, MA
2Department of Epidemiology, Harvard School of Public Health, Boston MA
3Department of Nutrition, Simmons College, Boston, MA
4Department of Nutrition, Harvard School of Public Health, Boston MA
5Division of Preventive Medicine, Department of Medicine, Brigham and Women’s Hospital and
Harvard Medical School, Boston, MA

Abstract
Background—Previous studies have found that diets rich in fruits and vegetables are associated
with reduced breast cancer mortality. However, these eating patterns do not necessarily reflect
overall diet quality. The association of breast cancer mortality with a priori defined dietary scores,
which are based on recommended dietary guidelines and reflect diet quality, has not been
evaluated. We hypothesized that diet quality indices based on recommended guidelines are
associated with decreased risk of breast cancer and non-breast cancer mortality in breast cancer
survivors.

Methods—We examined the association between the Dietary Approaches to Stop Hypertension
(DASH) score, and the Alternative Healthy Eating Index (AHEI)-2010, and the risk of breast
cancer mortality and total mortality among women from the Nurses’ Health Study diagnosed with
breast cancer.

Results—Adherence to DASH-style and AHEI-2010 diets were associated with reduced risk of
non-breast cancer mortality (comparing the fifth quintile with the first quintile RR = 0.72, 95% CI:
0.53–0.99, p-trend = 0.03 for DASH, and RR = 0.57, 95% CI: 0.42–0.77, p-trend <0.0001 for
AHEI-2010). Diet scores were not significantly associated with breast cancer mortality.

Conclusions—Our findings suggest that adherence to a higher quality diet after breast cancer
diagnosis does not considerably change the risk of breast cancer death and recurrence. However,
healthy dietary choices after breast cancer were associated with reduced risk of non-breast cancer
mortality in women with breast cancer.

INTRODUCTION
A number of studies have evaluated the a possible link between diet and breast cancer
survival, the majority focusing on specific nutrients [1–4] such as fat intake [3, 5–7], and
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dietary patterns [8, 9]. Fruit and vegetable intake [10], as well as whole grain intake [11]
have been shown to be associated with lower risk of mortality after breast cancer, whereas
higher consumption of animal fat has been shown to increase this risk [5, 6, 12]. Studies that
evaluated the influence of dietary patterns on breast cancer survival have not established an
association [8, 9]. However, single nutrient intake and dietary patterns defined by statistical
approaches may not necessarily reflect diet quality. Overall diet quality is reflected by a
priori defined dietary scores that are constructed based on recommended dietary guidelines.
The association of diet quality scores with breast cancer survival has not been evaluated.
Therefore, in this study we investigate the association between diet quality scores after a
diagnosis of breast cancer and the risk of breast cancer mortality and overall mortality
among breast cancer survivors.

The Dietary Approaches to Stop Hypertension (DASH) which emphasizes plant proteins,
fruits and vegetables, moderate amounts of low-fat dairy products, and low amounts of
sweets and sodium, is a healthy eating pattern recommended for the general public by the
United States Department of Agriculture [13]. Adherence to a DASH style diet has been
associated with reduced risk of colorectal cancer [14], and reduced risk of estrogen receptor-
negative (ER−) breast cancer in postmenopausal women [15]. The Alternative Healthy
Eating Index (AHEI), another diet quality index, was created in 2002, and emphasizes
dietary patterns that have been shown to reduce the risk of chronic disease. One study
reported an inverse association between a high score on the vegetable component of AHEI
and the risk of ER− breast cancer in postmenopausal women [16]. This score was recently
updated to include additional dietary factors that have since been shown to predict chronic
disease, and is now referred to as AHEI-2010 [17]. The association between the DASH and
AHEI-2010 scores and breast cancer survival has not been evaluated. As the association
may vary by estrogen receptor status, we conducted analyses separately for estrogen
receptor-positive (ER+) and negative (ER−) tumors.

METHODS
Study Population

The Nurses’ Health Study (NHS) is a cohort study established in 1976, when 121,700
female nurses from 11 US states, then aged 30 to 55 years, responded to a questionnaire
regarding medical and lifestyle factors. Since then, follow-up questionnaires have been sent
biannually. Beginning in 1980 participants completed a 61-item food frequency
questionnaire (FFQ) {Willett, 1985 #62}. Dietary assessments were expanded to 116 items
in 1984, and were administered in 1984, 1986, 1990, 1994, 1998, and 2002.

The present analysis includes women diagnosed with stages I–III breast cancer between
1980 and 2003, with diet data beginning in 1984 (n=7,717). Women with a missing stage
(n=2,424) or who were stage IV at diagnosis (n=127), who had died or whose cancer had
recurred within 1 year of primary diagnoses (n=392), who had missing diet information at
least 12 months after diagnosis (n=671), were excluded from analyses. After these
exclusions, 4,103 participants were available for this analysis.

Assessment of Dietary Intake
Diet was first assessed in 1980, 1984, 1986, and updated every 4 years thereafter until 2002.
Data from FFQs were used in the derivation of AHEI-2010, and DASH scores. Previous
validation studies have reported strong correlations between energy-adjusted nutrients
assessed by the FFQ and food records completed over the previous year [18]. The
computation of these scores has been described elsewhere [19, 17]. Briefly, to compute the
DASH score, women were classified into quintiles of intake for each of 8 components. For
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fruits, vegetables, nuts and legumes, low-fat dairy products, and whole grains, the lowest
quintile was given a score of 1, and highest quintile was given a score of 5. For components
such as sweets, red and processed meat, and sodium, for which a low intake is
recommended, the scoring was reversed. When individual component scores were summed
up, women were assigned a DASH score, reflecting adherence to a DASH diet, and ranging
from 8 (nonadherence) to 40 (perfect adherence) [19].

The AHEI-2010 score is based on 11 components, each given a minimal score of 0 and a
maximal score of 10, with intermediate values scored proportionally. For components such
as vegetables, fruits, nuts and legumes, whole grains, trans fats, long-chain (n-3) fats (EPA +
DHA), and polyunsaturated fats, the recommended daily intake was assigned a score of 10;
no intake was assigned the minimal score of 0. High intakes of components for which a low
intake is recommended, such as sugar-sweetened beverages and fruit juice, red or processed
meat, sodium, and alcohol, were scored lower than recommended intakes. Component
scores were then summed up to give the total AHEI-2010 score, ranging from 0
(nonadherence) to 110 (perfect adherence) [17].

For each participant, diet was first characterized using the questionnaire that most closely
followed at least 12 months after diagnosis and subsequently updated until the end of the
follow-up. Since the last dietary assessment questionnaire was sent out in June 2002 and
returned between June 2002 and May 2004, this analysis includes women diagnosed with
breast cancer between June 1980 and May 2003.

Endpoint Ascertainment
Participants were followed until death or February 2010, whichever occurred first. Breast
cancer death was the primary endpoint. Deaths were reported by family members, the postal
service, or searches in the National Death Index for questionnaire non-responders [20].
Cause of death was ascertained by physicians’ review of death certificates and medical
records when needed. The ascertainment of the cause of death in this cohort is estimated to
be 98% [20].

Distant breast cancer recurrence and non-breast cancer mortality were secondary endpoints.
Women reported recurrence on supplemental biennial questionnaires. In addition, women
who died from breast cancer were considered to have recurred 2 years prior to their death,
the median survival time for stage IV breast cancer. We assumed breast cancer had recurred
if a woman diagnosed with breast cancer reported a second cancer to a common site of
recurrence (liver, brain, bone, or lung). Medical records of women who reported a second
cancer to the lung were reviewed to distinguish between primary lung cancer and breast
cancer metastases [21].

Covariates
Body mass index (5-categories), weight change, menopausal status, hormone therapy use,
age at first birth, parity, and oral contraceptive use (yes/no) were included, as these factors
have been previously shown to be associated with breast cancer survival in the NHS cohort
[22, 3, 23]. Additionally we adjusted for breast cancer characteristics including year of
diagnosis, disease stage (I, II, III), self-reported radiation (yes/no), chemotherapy (yes/no),
and hormonal treatment (yes/no). Smoking was also included due to its association with
total mortality. Physical activity measured in total metabolic equivalent task hours per week
was first assessed in 1986, and updated in 1988, 1992, 1996, 1998, 2000, and 2004. To
avoid assessment during active treatment, only measurements taken at least 2 years after
diagnosis were considered. Energy intake (5 categories), multivitamin use (yes/no), alcohol
consumption (5 categories), and macronutrient intake were first assessed using the
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questionnaire that most closely followed at least 12 months after breast cancer diagnosis. All
other covariates were taken from the questionnaire preceding the diagnosis.

Statistical analyses
To evaluate the long and short-term effects of diet on breast cancer survival, analyses were
conducted using diet assessed at baseline, simple-updated, and cumulatively averaged and
updated. Baseline diet was ascertained using the first FFQ, at least 12 months following
breast cancer diagnoses. This was done in order to allow the completion of active treatment,
which may affect diet. In simple-updated analyses, each dietary assessment was applied to
the subsequent time period. For example, the score from 1984 was used to predict breast
cancer survival from 1984 to 1986 and the score from 1986 was used to predict breast
cancer survival from 1986 to 2000. In order to reduce random within-person variation and
best represent the long-term effects of dietary intake, cumulative averages of the diet scores
from repeated FFQs were computed. As described elsewhere [24], in these analyses the
average score from 1980 and 1984 was used to predict breast cancer survival from 1984 to
1986, the average score from1980, 1984 and 1986 were used to predict breast cancer
survival from 1986 to 2000 and so forth for the duration of the follow-up. Women were
categorized into quintiles of dietary scores. 2-tailed P values for linear trend tests across
quintiles were computed by modeling the median value of each category as a continuous
variable.

We used Cox proportional hazards models to assess the association between quintiles of
dietary scores and the outcomes of interest. All Cox models were tested for proportionality
of hazards by testing the statistical significance of time-varying covariates, created as
interactions between each predictor and the log of the event time [25]. Death from breast
cancer was the primary endpoint. Secondary analyses considered breast cancer recurrence,
non-breast cancer death, and total mortality. For each participant, breast cancer diagnosis
marked the beginning of the follow-up. Person-months were accumulated until the analysis
endpoint, or February 2010, whichever occurred first.

Because time-since-diagnosis (TSD) is a strong predictor of breast-cancer survival, all
models were stratified by TSD. Simple models were additionally adjusted for age.
Multivariate models were adjusted for the covariates listed in the previous section. In
addition, we conducted analyses stratified by the estrogen receptor status of the tumor.
Statistical analyses were carried out using SAS version 9.2 (SAS Institute, Inc.). P values of
<0.05 were considered significant.

RESULTS
We identified 4103 participants with invasive stage I–III breast cancer diagnosed between
1980 and 2003. Median length of follow-up was 112 months, and maximum length of
follow-up was 277 months. Participants were followed through 2010. During this time 981
women died. In addition to the 453 breast cancer deaths, there were 38 breast cancer
recurrences. Of the 528 non-breast cancer related deaths, 120 (22.7%) were from
cardiovascular disease, 42 (8.0%) from primary lung cancer, 139 (26.3%) were from other
cancers, and 227 (43.0%) were from other causes.

Age-standardized characteristics according to quintiles of dietary scores are shown in Table
1. Women with higher DASH and AHEI-2010 scores tended to have lower BMI, higher
levels of physical activity, consume less alcohol, were less likely to be smokers, suggesting
that adherence to these diets is predictive of a healthier lifestyle. Additionally, women with
higher DASH scores had higher carbohydrate and protein intake, but lower fat intake than
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women with lower DASH scores. On the other hand, women with higher AHEI-2010 scores
had lower protein, carbohydrate, and fat intake than women with lower AHEI-2010 scores.

We computed the relative risk and the 95% confidence intervals for breast cancer death
using cumulatively averaged and updated dietary scores, and we observed no association
with breast cancer mortality (Table 2) or recurrence (not shown) in multivariate models.
Analyses using baseline and simple updated diet assessments gave similar results (not
shown).

In simple models stratified by time since diagnosis and adjusted for age at diagnosis and
energy intake, higher cumulatively average and updated DASH and AHEI-2010 scores were
associated with a decreased risk of death from causes other than breast cancer (Table 3). The
associations were slightly attenuated but remained statistically significant after adjustment
for potential confounders (comparing the fifth quintile with the first quintile RR = 0.72, 95%
CI: 0.53–0.99, p-trend = 0.03 for DASH, and RR = 0.57, 95% CI: 0.42–0.77, p-trend
<0.0001 for AHEI-2010). Lastly, we conducted analyses of breast cancer death stratified by
the ER status of the tumor and found no evidence of effect modification (Table 4).

DISCUSSION
We found no association between dietary scores and breast cancer survival. Closer
adherence to DASH style and AHEI-2010 diets were, however, associated with significantly
lower risk of non-breast cancer mortality.

Recently, the Nurses’ Health Study reported a lack of association between post-diagnosis
diet quality scores, such as the Alternate Healthy Eating Index (AHEI), Diet Quality Index-
Revised (DQIR), Recommended Food Score (RFS), the alternate Mediterranean Diet Score
(aMed), and breast cancer specific, non-breast cancer, and total mortality [26]. The scores
evaluated did not include DASH and AHEI-2010 scores. In that prior analysis, diet scores
were not updated during the follow-up.

The Women’s Intervention Nutrition Study (WINS) trial found that a low-fat dietary
intervention lead to a decreased risk of breast cancer recurrence, but had no effect on overall
survival. However, after a median follow-up of 60 months, authors reported a statistically
significant 6-pound lower mean body weight in the intervention group, even though the
intervention and control arms of the trial were designed to be isocaloric [27]. In a follow-up
analysis investigators proposed that even modest weight loss can improve insulin sensitivity
and subsequently affect the action of tumor promoters such as IGF-1 [28]. The question
whether the reduction in the improved relapse-free survival was the direct effect of a low-fat
diet or mediated by weight loss was not answered by the trial. Women in the intervention
group of the Women’s Healthy Eating and Living (WHEL) trial, which targeted both
reduced fat intake as well as increased fruits, vegetables and fibers intake, did not lose
weight. Investigators reported no association between diet and survival in this trial [29].
Conducting randomized control trials of lifestyle factors can be difficult. Subjects
randomized to the control arm may take up the intervention, while subjects in the
intervention group may not comply [30]. Furthermore, since exposures during childhood and
early adulthood appear particularly important for breast cancer, trials shorter in duration than
prospective longitudinal studies may miss this critical period [30]. Faced with such
challenges, information from observational studies of the impact of lifestyle factors on
survival of women with breast cancer beyond medical treatment remains valuable.

The current analysis has several strengths over earlier work. Our large sample size and
approximately 30 years of follow-up provided sufficient power to examine breast-cancer
mortality, and conduct stratified analyses. Repeated dietary assessment allowed us to take
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into account dietary changes during the follow-up period. Multivariate analyses were
adjusted for many factors known to affect survival after breast cancer, including weight
change and physical activity, which have recently been found to affect overall and relapse-
free survival [19, 31].

Limitations include self-reported diet, physical activity, treatment and recurrence, which
were not confirmed by record review. The accuracy of self-reported diet was improved by
frequent updating [24]. Cause of death may have been misclassified, despite physician’s
review of medical records. Further, the construction of the DASH score involved some
arbitrary decision about the type and number of foods included, and the number of points
assigned to various amounts of intake [32]. Lastly, women whose disease recurred or who
died less than a year after breast cancer diagnosis were excluded from analyses. It is thus
likely, that our findings are not generalizable to women with the most severe disease.

Our findings are consistent with earlier reports that suggested that overall diet does not
affect breast cancer survival or recurrence. Adherence to healthy diet styles however, are
associated with decreased risk of death from other causes and is therefore important to
women diagnosed with breast cancer.
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Table 1

Age-Standardized Levels of Covariates, According to Quintiles of Baseline Diet Scores, Among US Female
Nurses Diagnosed with Breast Cancer in 1980–2003 (N= 4,103)

Quintiles of Diet Scores

DASH AHEI-2010

Q1 Q5 Q1 Q5

Mean (SD)

 Age at diagnosis 60.2 (8.3) 60.4 (8.2) 60.4 (8.6) 60.4 (8.3)

 Age at first birth (parous women), years 24.4 (7.8) 25.1 (7.9) 24.9 (9.0) 25.1 (25.3)

 Parity (parous women), no. 3.1 (1.6) 3.1 (1.7) 3.1 (1.7) 3.1 (0.5)

 BMI at diagnosis, kg/m2 26.6 (5.1) 25.3 (4.6) 26.9 (5.5) 24.9 (4.1)

 Physical activity, MET-hours/week 10.5 (13.9) 21.0 (24.6) 12.1 (16.7) 22.2 (26.4)

 Calories, mean (kcal) 1663.4 (521.3) 1839.4 (496.9) 1881.5 (519.2) 1645.5 (520.7)

 Alcohol (g) 6.4 (12.6) 5.2 (9.4) 7.3 (15.3) 5.5 (6.8)

 Protein 69.5 (22.5) 84.3 (25.3) 79.4 (24.8) 75.5 (25.3)

 Carbohydrate (g) 203.4 (75.0) 260.9 (76.3) 241.4 (77.9) 222.1 (85.1)

 Total fat (g) 61.6 (23.2) 53.5 (21.7) 64.7 (22.8) 52.6 (21.8)

Percentage

 Ever used oral contraceptives 45% 46% 44% 46%

 Postmenopausal hormones* 17% 20% 20% 20%

 Current Smoker 25% 8% 20% 10%

 Postmenopausal at diagnosis 77% 78% 77% 77%

 Estrogen receptor positive 79% 81% 79% 81%

 Stage I disease 57% 56% 57% 58%

 Stage II disease 34% 33% 32% 31%

 Stage III disease 10% 11% 11% 11%

 Radiation treatment 45% 42% 45% 42%

 Chemotherapy 36% 32% 36% 33%

 Hormonal Treatment 62% 59% 62% 59%

Abbreviations: MET, metabolic equivalent task; Q, Quintile

*
Use at the time of diagnosis
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