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Diet quality index scores onHealthy Eating Index 2010 (HEI-2010), AlternativeHEI-2010, alternativeMediterranean

Diet Index, and the Dietary Approaches to Stop Hypertension (DASH) index have been inversely associated with all-

cause and cancer-specific death. This study assessed the association between these scores and colorectal cancer

(CRC) incidence aswell as CRC-specific mortality in theWomen’s Health Initiative Observational Study (1993–2012),

a US study of postmenopausal women. During an average of 12.4 years of follow-up, there were 938 cases of CRC

and 238 CRC-specific deaths. We estimated multivariate hazard ratios and 95% confidence intervals for relationships

between quintiles of diet scores (from baseline food frequency questionnaires) and outcomes. HEI-2010 score (haz-

ard ratios were 0.81, 0.77, and 0.73 with P values of 0.04, 0.01, and <0.01 for quintiles 3–5 vs. quintile 1, respectively)

and DASH score (hazard ratios were 0.72, 0.74, and 0.78 withP values of <0.01, <0.01, and 0.03 for quintiles 3–5 vs.

quintile 1, respectively), but not other diet scores, were associated with a lower risk of CRC in adjustedmodels. No diet

scores were significantly associated with CRC-specific mortality. Closer adherence to HEI-2010 and DASH dietary

recommendations was inversely associated with risk of CRC in this large cohort of postmenopausal women.

Alternative Healthy Eating Index; Alternative Mediterranean Diet; colorectal cancer; diet; diet quality; Dietary

Approaches to Stop Hypertension; dietary patterns; Healthy Eating Index

Abbreviations: aMED, Alternative Mediterranean Diet; AHEI, Alternative Healthy Eating Index 2010; BMI, body mass index; CI,

confidence interval; CRC, colorectal cancer; DASH, Dietary Approaches to Stop Hypertension; HEI-2005, Healthy Eating Index

2005; HEI-2010, Healthy Eating Index 2010; HR, hazard ratio; NIH, National Institutes of Health; WHI, Women’s Health Initiative.

Colorectal cancer (CRC) is the third most common cancer
in the United States, accounting for more than 8% of all US
cancer-related deaths (1). Understanding factors that influ-
ence development of this disease is a priority. The American
Institute of Cancer Research and the World Cancer Research
Fund have identified dietary components, such as red meat
and fiber, that are associated with increased and decreased
CRC risk, respectively (2). However, research evaluating
the role of any single dietary component in carcinogenesis
is difficult to interpret given the correlations among, and
the potential influence of, other nutrients in relation to the
total dietary exposure (3). Thus, there has been a concerted
effort to strengthen the research evidence on total diet quality
and CRC risk (4).

Diet quality measures can be developed using statistical
clustering or factor development within a data set or from
diet quality index scores defined a priori (5). Of the 2 meth-
ods, diet quality index scores are built on emerging evidence
from the existing literature on diet and disease risk (5) and
have clear algorithms for calculating scores that can be ap-
plied across multiple data sets to provide more consistent in-
terpretation of findings. Thus, associations between dietary
index scores and disease are translated into public health mes-
sages in a more consistent manner than are de novo patterns
that vary between studies. The US Department of Agriculture
and the National Cancer Institute (6, 7), among others (8, 9),
have developed diet quality index scores that use point sys-
tems to measure whole diet quality based on the alignment
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of food choices with recommendations. These and other in-
dices have been used to begin assessing the relationship be-
tween overall diet quality and CRC risk (10–16).
Evidence supporting a role for diet quality in CRC risk is

accumulating (10–16). Reedy et al. (11) tested associations
between scores on 4 diet quality indices—Healthy Eating
Index 2005 (HEI-2005) (17), Alternative Healthy Eating
Index 2010 (AHEI) (7), Mediterranean Diet Score, and Rec-
ommended Food Score (18)—and the risk of CRC in the Na-
tional Institutes of Health-AARP (NIH-AARP) Diet and
Health Study. Results suggested that, in men, higher scores
on all 4 indices were associated with a lower risk of CRC,
but in women only the HEI-2005 score showed an association
(a significant, 17% lower risk of CRC in fully adjusted mod-
els). Similarly, Miller et al. (14) evaluated the associations
between 4 different methods of indexing adherence to the
Dietary Approaches to Stop Hypertension (DASH) diet
(19, 20) and the risk of CRC in the same NIH-AARP pop-
ulation. Again, all methods of diet quality indexing were
associated with lower risk of CRC in men, but only the
DASH indexing methods of Fung et al. (9) and Mellen
et al. (21) were associated with a significantly lower risk of
CRC in women. With limited analyses published using the
updated Healthy Eating Index 2010 (HEI-2010) (6) and
emerging evidence supporting a complex but significant rela-
tionship between diet quality and CRC in women (11, 14,
15), there is a need to further examine these relationships
in diverse study populations.
The aim of this study was to examine the association be-

tween scores on 4 common diet quality indices (HEI-2010
(6), AHEI (7), Alternative Mediterranean Diet (aMED) (8),
and DASH (9)) and CRC incidence and CRC-specific mor-
tality among more than 80,000 postmenopausal women in the
Women’s Health Initiative (WHI) Observational Study. Like
NIH-AARP, the WHI study was initiated in the 1990s and
enrolled older women, but its population is more racially/
ethnically diverse, thus providing an ideal cohort in which to
further investigate the relationships observed in theNIH-AARP
study. We also conducted subgroup analyses to explore risk
factors for CRC, including race/ethnicity, age, bowel screening
history, and family history of CRC.

METHODS

Study population

Participants were enrolled in the WHI Observational
Study, which has been described previously (22–24). In
brief, 93,676 postmenopausal women aged 50–79 years en-
rolled in the Observational Study. The women came from
multiple sites across the United States, had a life expectancy
of more than 3 years, and were either ineligible for or not in-
terested in the clinical trial arms of the WHI. Women were
excluded from the analytical cohort if they had a personal
history of any cancer (except nonmelanoma skin cancer; n =
12,075), a CRC event during the first year of observation (n =
105), no clinical follow-up (n = 473), no completed food
frequency questionnaire as defined in WHI (25; n = 94), or
a self-reported daily energy intake of less than 600 kcal/day
or more than 5,000 kcal/day (n = 3,534). The remaining

78,273 participants were followed until September 17, 2012,
which included WHI Extension Study 1 (2005–2010) and
WHI Extension Study 2 (2010–2015) or were considered cen-
sored (if they were lost to follow-up or died during the study)
for CRC-event analyses. Average follow-up was 12.4 years;
1.2% of participants were diagnosed with CRC, and 0.3% of
participants died as a result of CRC. Institutional review board
approval was obtained from all 40WHI sites across the United
States, and written informed consent was obtained from all
participants prior to data collection.

Dietary indices and covariates

All estimates of average daily dietary intake were obtained
from a self-administered baseline food frequency question-
naire, which included 122 line items, was calibrated against
24-hour dietary recalls and 4-day food records (25), and was
modified from the Health Habits and Lifestyle Questionnaire
(26) for the diverse WHI cohort. Food frequency question-
naire responses were converted into estimated daily individ-
ual nutrient and food serving intakes using the Nutrition Data
System for Research, version 2005 (University of Minnesota,
Minneapolis, Minnesota) (27), and then further converted
into MyPyramid Equivalents using the MyPyramid Equiva-
lents database, version 2.0 (US Department of Agriculture,
Beltsville, Maryland; 28), as described elsewhere (29, 30).
From these estimates, all diet quality index scores were gen-
erated as previously described (HEI-2010 (6), AHEI (7),
aMED (8), and DASH (9)), and scores were assigned to
each participant such that higher scores indicated a higher-
quality diet. (For details on how scores were calculated, see
Web Appendix 1, available at http://aje.oxfordjournals.org/.)
Contributions of dietary supplements to the diet were not rel-
evant to the algorithms and therefore not included in the cal-
culation of diet quality index scores.

Nondietary covariates and outcomes

Data about participant characteristics (including race/
ethnicity, family history of CRC (oneself or first-degree
relatives), education, family income, smoking status, post-
menopausal hormone therapy, and physical activity) were
gathered via questionnaires at baseline (23). Participants’
weights and heights were measured at baseline by trained
WHI staff, and body mass index (BMI) was calculated as
weight (kg)/height (m)2. Participants were asked annually
about incident CRC diagnoses and CRC-specific mortality
by mailed questionnaire. CRC events were confirmed through
medical records, pathology reports, and trained physician ad-
judication. CRC-specific deaths were confirmed by death cer-
tificates, medical records, and autopsy reports or other records
for CRC-specific mortality (31).

Statistical approach

Pearson coefficients for correlations among raw diet qual-
ity scores were calculated. For analyses of risk, total diet
quality scores, as quintiles, were the independent variables.
The follow-up time metric for analyses of incident CRC
and CRC-specific mortality was person-years, calculated
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from the beginning of the observation period (baseline)
to censoring (n = 77,335, of which 8,976 were non-CRC
death censoring) or CRC diagnosis (n = 938) and to censor-
ing or CRC-specific death (n = 238), respectively.). Cox
proportional hazards models were used to generate hazard ra-
tios, 95% confidence intervals, and P values for CRC and
CRC-specific mortality outcomes. All models adjusted for
confounders identified a priori from the literature. Model 1
adjusted for age and race/ethnicity (African-American/
black, non-Hispanic white, and other (32)). Model 2 adjusted
for all model 1 covariates plus self-reported physical activity
(metabolic equivalent of task (MET)-hours per week (33)),
educational level (high school graduate or less, some college,
or college graduate or more) as a marker of socioeconomic
status (34), smoking status (never smoker, former smoker,
or current smoker (35, 36)), and any postmenopausal hor-
mone use (never, former, or current (37)). The addition to
model 2 of the use at baseline of aspirin, nonsteroidal antiin-
flammatory medication, and multivitamins with minerals was
considered, but ultimately they were not included because
they did not change the hazard ratios by more than 10%.
Likelihood-ratio tests were used to determine whether adding
diet quality indices as quintiles to the fully adjusted model
(model 2) was associated with improved model fit compared
with the same model without indices. The Akaike informa-
tion criterion and Bayesian information criterion were used
to determine which index improved model fit the most for
each outcome for a given model. Potential effect modification
of the relationship between diet quality scores and CRC by
race/ethnicity, baseline age (≤65 years or >65 years), family
history of CRC, and history of CRC screening at baseline was
tested by using a likelihood-ratio test with an interaction term
(diet quality score × potential effect modifier) under model 2
conditions. False discovery rates were calculated for effect-
modification P values to adjust for multiple testing. We ex-
amined these 4 potential effect modifiers because they all
modify baseline risk of CRC and, potentially, dietary intake.
Dietary energy intake (kcal/day), and alcohol consumption
(servings per week) were accounted for in only some diet
quality index scores, and BMI may be an intermediate factor
on the causal pathway or may be a confounder. Thus, these
variables were added to model 2 separately to determine
whether associations were significantly altered by their in-
clusion. Cox proportional hazards assumptions were tested
using Schoenfeld residuals and log-minus-log survival plots
in models 1 and 2 for CRC outcomes. Proportionality required
the addition of age × ln(time) to all models. Component analy-
sis was conducted for each component of each diet score with
adjustment for model 2 covariates as previously described
(11), to determine which components were the biggest con-
tributors to observed associations for that diet quality
index. Specifically, each component for a given diet quality
index score (generated as described in the Web Appendix)
was added to model 2 simultaneously. Subsequently, we
evaluated the association between each component and
CRC after adjusting for all other components and model
2 covariates. For each variable in a model, participants
with missing data for that variable were not included
in that analysis. All tests were 2-sided, and P < 0.05 was con-
sidered statistically significant. All analyses were conducted

using STATA, version 12.1 (StataCorp LP, College Station,
Texas).

RESULTS

Study population

Of the 78,273 postmenopausal women enrolled in theWHI
Observational Study whomet our inclusion criteria, 938 were
diagnosed with CRC and 238 died from CRC during a mean
follow-up time of 12.4 (standard deviation (SD), 4.0) years.
Mean agewas 63 (SD, 7) years, andmean BMIwas 27.2 (SD,
5.8). The observed diet quality index score ranges were as fol-
lows: HEI-2010, 15.7–94.4; AHEI, 12.7–91.6; aMED,
0.0–9.0; and DASH, 8.0–39.0. Compared with participants
in quintile 1 (i.e., lower diet quality), participants in quintile
5 (i.e., higher diet quality) more often had a lower BMI and
were college graduates, never smokers, from a higher income
bracket, more physically active, and non-Hispanic white
(Table 1).

Dietary characteristics

Mean diet quality index scores (with standard deviations)
were as follows: HEI-2010, 53.8 (SD, 9.5); AHEI, 45.8 (SD,
10.4); aMED, 4.1 (SD, 1.8); and DASH, 25.0 (SD, 4.8).
Table 2 shows the contributions of different food groups and
dietary components to each diet quality index score. Overall
food groups and components associated with CRC (2) varied
by quintiles of diet quality index scores. Specifically, intake of
fiber, whole grain, fruits, and vegetables was higher in quintile
5 than in quintile 1, whereas intake of saturated fat, red meat,
and processed meat was higher in quintile 1. Correlations
among the diet quality index scores were within the range
of r = 0.50–0.66 (all P’s < 0.001). DASH and AHEI had
the highest correlation, 0.66 (P < 0.001).

Associations between diet quality index scores and CRC

and CRC-specific mortality

In our fully adjusted model (model 2), quintiles 3–5 of the
HEI-2010 diet quality index were significantly associated
with a lower risk of CRC compared with quintile 1 (quintile
3: hazard ratio (HR) = 0.81 (95% confidence interval (CI):
0.66, 0.99), P = 0.04; quintile 4: HR = 0.77 (95% CI: 0.63,
0.95), P = 0.01; and quintile 5: HR = 0.73 (95% CI: 0.59,
0.90), P < 0.01; Table 3). Quintiles 3–5 of the DASH diet
quality index also were significantly associated with a lower
risk of CRC compared with quintile 1 in model 2 (quintile
3: HR = 0.72 (95% CI: 0.59, 0.89), P < 0.01; quintile 4: HR =
0.74 (95% CI: 0.60, 0.91), P < 0.01; and quintile 5: HR = 0.78
(95% CI: 0.62, 0.97), P = 0.03). No diet quality scores were
significant predictors of CRC-specific mortality (quintile 5
vs. quintile 1: HR = 0.91 (95% CI: 0.57, 1.47), P = 0.70 for
HEI-2010; HR = 1.09 (95% CI: 0.67, 1.77), P = 0.72 for
AHEI; HR = 0.90 (95% CI: 0.57, 1.43), P = 0.66 for aMED;
and HR = 0.96 (95% CI: 0.58, 1.59), P = 0.89 for DASH;
data not shown). When CRC-specific mortality outcomes were
adjusted for covariates used in the Dietary Patterns Methods
Project (38), associations were still not significant.
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Table 1. Baseline Characteristics for Selected Quintiles of Diet Quality Index Scores (n = 78,273), Women’s Health Initiative Observational Study, 1993–2012

Characteristica

Diet Quality Index and Quintile of Scoreb

HEI-2010 AHEI aMED DASH

1 5 1 5 1 5 1 5

No. % No. % No. % No. % No. % No. % No. % No. %

Age, yearsc 62.1 (7.3) 64.6 (7.2) 62.7 (7.4) 63.6 (7.2) 63.2 (7.4) 63.5 (7.3) 62.2 (7.3) 64.1 (7.3)

Race/ethnicity

Non-Hispanic white 12,306 18.7 13,321 20.3 12,460 19.0 12,956 19.7 12,923 19.7 15,672 23.9 10,171 15.5 12,848 19.6

African-American/black 1,662 28.1 1,020 17.2 1,808 30.5 825 13.9 1,615 27.3 982 16.6 2,349 39.7 535 9.0

Other 1,650 25.5 1,265 19.6 1,343 20.8 1,228 19.0 1,439 22.3 1,154 17.9 1,683 26.0 727 11.3

First-degree relative with CRC 2,309 19.6 2,281 19.4 2,345 19.9 2,326 19.7 2,406 20.4 2,739 23.2 2,140 18.2 2,168 18.4

Educational level

High school graduate or less 4,800 29.5 2,410 14.8 4,876 30.0 1,845 11.3 4,991 30.7 2,186 13.4 4,471 29.1 1,645 10.1

Some college 5,841 20.7 5,212 18.5 6,102 21.7 4,864 17.3 6,232 22.1 5,741 20.4 5,505 19.5 4,341 15.4

College graduate or more 4,880 14.7 7,909 23.8 4,534 13.7 8,812 26.6 4,673 14.1 9,788 29.5 3,862 11.6 8,056 24.3

Annual family income, dollars

<20,000 3,018 27.3 1,915 17.4 3,126 28.3 1,462 13.3 3,091 28.0 1,741 15.8 3,017 27.8 1,443 13.1

20,000–100,000 10,295 19.3 10,710 20.1 10,500 19.7 10,542 19.8 10,659 20.0 12,470 23.4 9,180 17.2 9,876 18.5

>100,000 1,178 14.5 1,874 23.0 858 10.5 2,519 30.9 1,063 13.0 2,418 29.7 873 10.7 1,832 22.5

Smoking status

Never smoker 7,471 19.0 8,220 20.9 8,434 21.4 7,187 18.2 8,014 20.3 8,986 22.8 6,885 17.5 7,407 18.8

Former smoker 6,303 19.1 6,668 20.2 5,559 16.8 7,721 23.4 6,131 18.6 8,066 24.4 5,348 16.2 6,246 18.9

Current smoker 1,652 35.0 547 11.6 1,442 30.5 492 10.4 1,606 34.0 562 11.9 1,788 37.9 297 6.3

Hormone replacement therapy use

Never 6,861 22.5 5,872 19.2 6,762 22.1 5,727 18.8 6,873 22.5 6,444 21.1 6,401 21.0 5,211 17.1

Former 2,179 20.4 2,199 20.5 2,267 21.2 2,119 19.8 2,240 20.9 2,469 23.1 1,977 18.5 1,929 18.0

Current 6,602 17.9 7,567 20.5 6,609 17.9 7,791 21.1 6,890 18.7 8,923 24.2 5,847 15.8 6,992 18.9

Estrogen only 3,753 18.8 3,972 19.9 3,906 19.5 3,845 19.2 3,972 19.9 4,576 22.9 3,464 17.3 3,491 17.5

Estrogen-progesterone 2,849 16.8 3,595 21.2 2,703 15.9 3,946 23.3 2,918 17.2 4,347 25.6 2,383 14.1 3,501 20.6

BMIc,d 28.8 (6.5) 25.9 (5.2) 28.8 (6.4) 25.6 (4.9) 28.3 (6.2) 26.2 (5.4) 29.0 (6.6) 25.6 (5.0)

Physical activity, MET-hours/weekc 9.6 (12.5) 17.3 (15.4) 9.3 (11.8) 19.2 (16.3) 9.8 (12.3) 17.8 (15.4) 8.6 (11.6) 19.5 (16.1)

Abbreviations: AHEI, Alternative Healthy Eating Index 2010; aMED, Alternative Mediterranean Diet; BMI, body mass index; CRC, colorectal cancer; DASH, Dietary Approaches to Stop
Hypertension; HEI-2010, Healthy Eating Index 2010; MET, metabolic equivalent of task.

a Participant characteristics at baseline where the total number of participants per variable without missing data is as follows: colorectal cancer during study (n = 78,273), age (n = 78,273), race/
ethnicity (n = 78,060), relative with colorectal cancer (n = 71,614), educational level (n = 77,645), family income (n = 72,563), smoking status (n = 77,158), hormone replacement therapy
(n = 78,196), estrogen-only hormone replacement therapy (n = 78,215), estrogen-progesterone hormone replacement therapy (n = 78,244), BMI (n = 77,372), and physical activity (n = 77,324).

b Quintile of diet quality index score (scores in higher quintiles indicate better diet quality) and the number of participants per quintile by dietary index: HEI-2010 (quintile 1 = 15,655, quintile 2 = 15,655,
quintile 3 = 15,654, quintile 4 = 15,655, quintile 5 = 15,654), AHEI (quintile 1 = 15,655, quintile 2 = 15,655, quintile 3 = 15,654, quintile 4 = 15,655, quintile 5 = 15,654), aMED (quintile 1 = 16,018, quintile
2 = 14,450, quintile 3 = 15,742, quintile 4 = 14,211, quintile 5 = 17,852), and DASH (quintile 1 = 14,240, quintile 2 = 14,879, quintile 3 = 18,200, quintile 4 = 16,805, quintile 5 = 14,149).

c Values are presented as mean (standard deviation).
d BMI was calculated as weight (kg)/height (m)2.
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Table 2. Mean Values (and Standard Deviations) for Estimated Dietary Intake at Baseline in Selected Quintiles of Diet Quality Index Scores, (n = 78,273), Women’s Health Initiative

Observational Study, 1993–2012

Dietary Componenta

Diet Quality Index and Quintile of Scoreb

HEI-2010 AHEI aMED DASH

1 5 1 5 1 5 1 5

Total score 40.5 (4.6) 67.1 (4.8) 31.9 (3.8) 60.9 (5.3) 1.6 (0.6) 6.5 (0.7) 17.8 (2.2) 31.7 (1.6)

Nutrients

Dietary energy, kcal/day 1,764.1 (729.5) 1,420.6 (478.9) 1,694.9 (627.4) 1,509.7 (544.0) 1,339.8 (521.9) 1,812.7 (594.3) 1,621.6 (658.0) 1,625.4 (525.5)

Dietary carbohydrates, g/day 211.9 (90.2) 196.2 (68.9) 206.9 (79.2) 210.4 (76.8) 160.2 (65.0) 249.8 (76.2) 184.0 (80.4) 242.1 (73.0)

Total fiber, g/day 13.7 (6.3) 19.2 (7.3) 13.3 (5.4) 20.4 (7.6) 10.6 (4.0) 22.8 (6.7) 11.3 (4.7) 23.1 (6.8)

Alcohol, servings/weekc 2.2 (5.6) 2.7 (4.7) 2.0 (6.3) 3.0 (3.8) 2.2 (5.6) 2.9 (4.6) 2.3 (5.1) 2.3 (4.3)

Dietary total fat, g/day 69.8 (37.1) 42.0 (21.2) 65.1 (32.2) 44.8 (24.5) 51.7 (27.4) 56.1 (29.6) 68.1 (34.2) 43.2 (22.0)

Saturated fat, g/day 24.4 (13.6) 12.7 (6.7) 22.6 (11.8) 14.0 (8.5) 18.5 (10.5) 17.5 (10.1) 23.1 (12.5) 13.9 (7.8)

Food groups, medium-size servings/day

Whole grains 1.0 (0.8) 1.5 (0.9) 0.9 (0.7) 1.5 (0.9) 0.7 (0.6) 1.8 (0.9) 0.8 (0.6) 1.8 (0.9)

Fruits 1.2 (1.0) 2.7 (1.3) 1.6 (1.1) 2.6 (1.3) 1.2 (0.9) 2.9 (1.2) 1.1 (0.8) 3.2 (1.2)

Vegetables 1.6 (1.0) 2.9 (1.4) 1.7 (1.0) 3.1 (1.5) 1.4 (0.8) 3.3 (1.3) 1.4 (0.8) 3.4 (1.4)

Dairy 1.7 (1.3) 1.9 (1.4) 1.9 (1.4) 1.8 (1.3) 1.6 (1.2) 2.1 (1.4) 1.4 (1.1) 2.4 (1.5)

Meat

Red meat 0.9 (0.7) 0.4 (0.4) 0.9 (0.6) 0.3 (0.4) 0.7 (0.5) 0.5 (0.5) 0.9 (0.6) 0.3 (0.3)

Processed meat 0.4 (0.4) 0.1 (0.2) 0.4 (0.4) 0.1 (0.2) 0.3 (0.3) 0.2 (0.3) 0.4 (0.4) 0.1 (0.1)

Abbreviations: AHEI, Alternative Healthy Eating Index 2010; aMED, Alternative Mediterranean Diet; DASH, Dietary Approaches to Stop Hypertension; HEI-2010, Healthy Eating Index 2010.
a Food values were estimated from responses to the Women’s Health Initiative baseline food frequency questionnaire.
b Quintile of diet quality index score; scores in higher quintiles indicate better diet quality.
c Only 78,247 participants had measurements for alcohol.
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Comparing diet quality index scores and their

associations with CRC

Based on likelihood-ratio tests, the addition of HEI-2010
(P = 0.03) and DASH (P = 0.02) significantly improved model
fit, but the addition of AHEI and aMEDdid not (Table 3). These
findings indicate that HEI-2010 andDASH improve themodels’
ability to predict CRC risk beyond the prediction provided by
model 2 covariates alone, while the addition of AHEI and
aMED did not. Akaike information criterion and Bayesian

information criterion measures indicated that the inclusion
of DASH > HEI-2010 > aMED > AHEI led to the best model
fit across both models (data not shown).

Component analysis of the association of diet quality

index scores with CRC

When all components of each diet quality index were
added to model 2 in lieu of diet quality scores, no single com-
ponent of the HEI-2010, aMED, or DASH diet quality index

Table 3. Risk of Colorectal Cancer by Quintile of Diet Quality Index Score, Women’s Health Initiative Observational Study, 1993–2012

Diet Quality Index
and Quintilea

Range of Participant
Scores

Model 1b Model 2b

No. of
Cases

No. of
Person-Years

HR 95% CI P Valued
No. of
Cases

No. of
Person-Years

HR 95% CI P Valued

HEI-2010

1 15.65–46.09 212 185,209 1.00 Referent 209 179,317 1.00 Referent

2 46.09–51.67 194 190,843 0.85 0.70, 1.04 0.112 189 184,619 0.88 0.72, 1.08 0.219

3 51.67–56.15 182 193,547 0.77 0.63, 0.94 0.011 175 187,683 0.81 0.66, 0.99 0.040

4 56.15–61.51 177 196,139 0.72 0.59, 0.87 0.001 172 190,388 0.77 0.63, 0.95 0.014

5 61.51–94.43 172 195,062 0.67 0.55, 0.82 <0.001 166 189,193 0.73 0.59, 0.90 0.003

LRT P valuee <0.001 0.032

AHEI

1 12.67–36.75 204 184,243 1.00 Referent 201 178,218 1.00 Referent

2 36.75–42.62 179 188,607 0.84 0.69, 1.03 0.090 171 182,873 0.84 0.68, 1.03 0.096

3 42.62–48.01 196 192,395 0.89 0.73, 1.08 0.244 192 186,541 0.93 0.76, 1.14 0.485

4 48.01–54.60 179 196,146 0.80 0.66, 0.98 0.031 174 190,411 0.85 0.69, 1.05 0.132

5 54.60–91.61 179 199,409 0.79 0.65, 0.97 0.022 173 193,157 0.86 0.70, 1.07 0.177

LRT P valuee 0.140 0.427

aMED

1 0–2 206 187,638 1.00 Referent 204 181,419 1.00 Referent

2 3 188 174,225 0.99 0.81, 1.20 0.906 184 169,033 1.00 0.82, 1.23 0.962

3 4 172 193,244 0.81 0.66, 0.99 0.043 163 186,947 0.82 0.66, 1.01 0.057

4 5 158 177,315 0.81 0.66, 1.00 0.047 154 171,839 0.86 0.69, 1.06 0.158

5 6–9 213 228,378 0.85 0.70, 1.02 0.087 206 221,962 0.91 0.74, 1.11 0.358

LRT P valuee 0.085 0.217

DASH

1 8–20 200 162,837 1.00 Referent 195 157,171 1.00 Referent

2 21–23 181 177,983 0.80 0.66, 0.98 0.033 177 172,408 0.84 0.68, 1.03 0.092

3 24–26 201 226,357 0.69 0.56, 0.84 <0.001 193 219,409 0.72 0.59, 0.89 0.002

4 27–29 189 211,817 0.68 0.55, 0.83 <0.001 183 205,710 0.74 0.60, 0.91 0.004

5 30–39 166 181,805 0.68 0.55, 0.84 <0.001 163 176,501 0.78 0.62, 0.97 0.026

LRT P valuee <0.001 0.021

Abbreviations: AHEI, Alternative Healthy Eating Index 2010; aMED, Alternative Mediterranean Diet; CI, confidence interval; DASH, Dietary

Approaches to Stop Hypertension; HEI-2010, Healthy Eating Index 2010; HR, hazard ratio; LRT, likelihood-ratio test; MET, metabolic equivalent of task.
a Quintiles of diet quality index scores; scores in higher quintiles indicate better diet quality.
b Model 1 adjusted for age (years; as a time-dependent covariate) and race/ethnicity (African-American/black, non-Hispanic white, or other)

(n = 77,679).
c Model 2 adjusted for age (years; as time-dependent covariate), race/ethnicity (African-American/black, non-Hispanic white, or other), physical

activity (MET-hours per week), educational level (high school graduate or less, some college, college graduate or more), smoking status (never,

former, or current), and hormone replacement therapy (never, former, or current) (n = 75,219).
d P value was calculated using Cox proportional hazards models.
e Likelihood-ratio test P value comparing the models with and without the addition of diet quality index scores.
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score was significantly associated with CRC after adjustment
for the other components in that score (data not shown). The
AHEI alcohol component was a significant predictor (HR =
0.98, 95% CI: 0.96, 1.00; P = 0.03) after adjustment for all
model 2 covariates and all other AHEI components.

The addition of alcohol, BMI, and energy to model 2

Energy was not consistently controlled for in AHEI, aMED,
and DASH calculations, and alcohol was not a component of
DASH and HEI-2010. To test for the robustness of the ob-
served associations, we added potential confounders (alcohol,
BMI, energy) andmediators (BMI) to the fully adjusted model
to ensure that observations remained consistent despite the risk
of overadjustment. The addition of BMI and dietary energy
to model 2 shifted the hazard ratio estimates only slightly
across each diet quality index quintile (Web Table 1). How-
ever, the significance of associations was attenuated in quintile
3 of HEI-2010 (from P = 0.04 to P = 0.05) and quintile 5 of
DASH (from P = 0.03 to P = 0.05) with the addition of BMI
to the model. Neither the addition of energy nor the addition of
alcohol altered the significance (above or below P = 0.05) of
any associations between diet quality index and CRC (data
not shown).

Association of diet quality index scores with site-specific

colon and rectal cancers

Scores in quintile 5 for HEI-2010 and DASH, but not
aMED or AHEI, were significantly associated with reduced
colon cancer risk (Table 4). Although point estimates sug-
gested a protective association, no quintile-5 diet quality
scores were significantly associated with rectal cancer.
Again, a linear, protective association was observed between
quintiles of the HEI-2010 diet quality score and risk of
colon cancer (compared with quintile 1: HR = 0.86 (95% CI:
0.69, 1.07), P = 0.18 for quintile 2; HR = 0.81 (95% CI: 0.64,
1.01), P = 0.06 for quintile 3; HR = 0.78 (95% CI: 0.62, 0.98),
P = 0.03 for quintile 4; and HR = 0.72 (95% CI: 0.57, 0.91),
P = 0.01 for quintile 5). Similarly, a threshold, protective asso-
ciation beginning at quintile 3 was observed between quintiles
of the DASH diet quality scores and risk of colon cancer
(compared with quintile 1: HR = 0.82 (95%CI: 0.65, 1.02), P =
0.08 for quintile 2; 0.69 (95%CI: 0.55, 0.87),P < 0.01 for quin-
tile 3; 0.75 (95% CI: 0.59, 0.94), P = 0.01 for quintile 4; and
0.77 (95% CI: 0.60, 0.98), P = 0.04 for quintile 5).

Stratification of the relationship between diet quality

index scores and CRC by baseline characteristics

Participants’ baseline characteristics were tested as effect
modifiers of the relationship between diet quality index
scores and CRC incidence (Web Table 2). Initially, age was
a significant, multiplicative effect modifier of HEI-2010 and
AHEI index quintiles (Pinteraction = 0.03 for both; Web
Table 2). However, after false discovery rate adjustment, no
baseline characteristics (age, race/ethnicity, family history,
and history of CRC screening) remained statistically sig-
nificant effect modifiers of the relationship between any diet
quality index scores and CRC (data not shown). Thus, these

findings do not support evidence of effect modification by
the variables in this data set.

DISCUSSION

In this cohort of postmenopausal US women, closer
adherence to the DASH diet and the HEI-2010 dietary
recommendations was associated with a reduced risk of

Table 4. Relative Risk of Colorectal Cancer by Cancer Site for

Participants in the Top Quintile of 4 Diet Quality Index Scores

(n = 83,702), Women’s Health Initiative Observational Study, 1993–2012

Diet Quality
Index and
Quintilea

No. of
Cases

No. of
Person-Years

HRb 95% CIb PValueb

Colon Cancer

HEI-2010

1 173 179,550 1.00 Referent

5 139 189,333 0.72 0.57, 0.91 0.005

AHEI

1 166 178,434 1.00 Referent

5 142 193,331 0.84 0.66, 1.06 0.133

aMED

1 171 181,596 1.00 Referent

5 176 222,111 0.91 0.73, 1.13 0.387

DASH

1 162 157,338 1.00 Referent

5 139 176,640 0.77 0.60, 0.98 0.035

Rectal Cancer

HEI-2010

1 21 180,250 1.00 Referent

5 25 189,893 1.28 0.70, 2.34 0.414

AHEI

1 23 179,049 1.00 Referent

5 25 193,905 1.22 0.67, 2.20 0.516

aMED

1 21 182,268 1.00 Referent

5 26 222,887 1.21 0.67, 2.19 0.532

DASH

1 20 157,994 1.00 Referent

5 23 177,224 1.24 0.65, 2.35 0.508

Abbreviations: AHEI, Alternative Healthy Eating Index 2010; aMED,

Alternative Mediterranean Diet; CI, confidence interval; DASH,

Dietary Approaches to Stop Hypertension; HEI-2010, Healthy Eating

Index 2010; HR, hazard ratio; MET, metabolic equivalent of task.
a Quintile of diet quality index score; scores in higher quintiles

indicate better diet quality.
b Hazard ratio, 95% confidence interval, and P value from Cox

regression analysis; results were adjusted for age (years; as a time-

dependent covariate), race/ethnicity (African-American/black, non-

Hispanic white, or other), physical activity (MET-hours per week),

educational level (high school graduate or less, some college, college

graduate or more), smoking status (never, former, or current), and

hormone replacement therapy (never, former, or current).
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CRC. Higher quintiles of the HEI-2010 were associated
with a lower risk of CRC, while quintiles 3–5 of the
DASH diet index were observed to be associated with a
similar, approximately 22%–28% lower risks compared
with quintile 1. When comparing diet quality scores across
all diets, the DASH diet quality score consistently improved
model fit to a greater extent than other diet scores.
Our findings are supported by those of Miller et al. (14)

and Reedy et al. (11), who found significant associations
between lower risk of CRC and the Fung method of calculat-
ing the DASH diet quality index score (9) and HEI-2005, re-
spectively, in the NIH-AARP study of older Americans.
HEI-2010 is an update to HEI-2005, based on the 2010 Die-
tary Guidelines for Americans, with updates to some dietary
component definitions (6). Further, Reedy et al. (11) found a
CRC association only with HEI-2005 and not with the orig-
inal Alternative Healthy Eating Index or Mediterranean Diet
Score among women, although the DASH score was not
evaluated. This supports our null findings for these 2 diet
scores. Unlike AHEI-2010 and aMED, neither the DASH
index nor the HEI-2010 includes an alcohol component,
but the addition of alcohol to our fully adjusted models did
not affect our findings. Similarly, adjustment for BMI and en-
ergy did not have a meaningful impact on the hazard ratios,
suggesting that alcohol, BMI, and energy alone were not
more important predictors of CRC risk above the predictive
power provided by diet quality scores andmodel 2 covariates.
Further, component analysis suggested that it is the sum of
these components, rather than any single component, that is
associated with CRC risk. By testing these associations in a
new, well-defined cohort and using all 4 major diet pattern
index scores, our current findings are supported by and sub-
stantially add to the existing evidence of associations be-
tween CRC and dietary pattern index scores.
These diet quality index scores have been associated with

other diseases in this WHI cohort (38–42). Of particular rel-
evance is the recent finding of significant protective associa-
tions between HEI-2010, aMED, and DASH and all cancer
deaths in theWHI (38) and the confirmation of these findings
in other cohorts as part of the Dietary Patterns Methods Pro-
ject (4). While we did not find a significant association with
CRC death in this study, we did observe significant protective
associations with CRC incidence for HEI-2010 and DASH.
Even conducting our CRC-death outcome analysis using the
same covariates as those used by George et al. (38) did not
result in any significant associations. This difference could be
explained by a lack of power and no adjustment for CRC treat-
ment information (which was not collected).
The WHI Observational Study is a study of a large,

multiethnic/multiracial cohort with well-adjudicated CRC
endpoints (22–24) that allowed for close examination of the
relationship between 4 major diet quality index scores and
CRC. Tests for different associations between diet quality
and CRC among whites, blacks, and other racial/ethnic groups
did not suggest racial/ethnic effect modification. However, we
lacked statistical power for further analysis by many different
race/ethnicity categories and for conducting analyses of rectal
cancer. Further, dietary exposure was based on food frequency
questionnaires with known bias and measurement error (43).
Higher diet quality scores were observed among participants

with better health indicators (increased physical activity, lower
BMI, lower smoking, etc.), which raises the possibility of resid-
ual confounding. Nonetheless, our results are consistent with
previous findings obtained using older editions of diet quality
indices (11, 14), and becausewe used all 4 common diet quality
scores in the same cohort, our findings add to the existing liter-
ature on diet quality indices and CRC.
In conclusion, in a cohort of postmenopausal US women,

we found that higher HEI-2010 diet quality index scores were
associated with lower risk of CRC and, similarly, higher
DASH diet quality index scores were associated with an ap-
proximately 22%–28% lower risk of CRC. No associations
were observed between any diet quality score and CRC-
specific mortality. Our findings add to the evidence base
for future recommendations on diet quality and CRC, such
as the next edition of the continuous updates on diet and
CRC risk published by the American Institute for Cancer Re-
search and the World Cancer Research fund (2, 44).
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