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This study evaluated 3 index-based dietary patterns—Healthy Eating Index (HEI)-2005, HEI-2010, and Alternate
Healthy Eating Index (AHEI)-2010—in relation to ovarian cancer risk in African-American women. The study was
conducted among 415 ovarian cancer cases and 629 age- and site-matched controls of African-American descent
recruited from the population-based African American Cancer Epidemiology Study. Multivariable unconditional
logistic regression models were used to estimate odds ratios and 95% confidence intervals between quartiles of
dietary quality indices and ovarian cancer risk, adjusting for potential confounders. We found that higher AHEI-
2010 scores, but not HEI-2005 or HEI-2010 scores, were associated with lower risk of ovarian cancer (comparing
the highest quartile (4th) vs. lowest (1st), odds ratio (OR) = 0.66, 95% confidence interval (CI): 0.45, 0.98; P for
trend = 0.05). When stratified by menopausal status, no noteworthy associations were observed among premeno-
pausal women. However, among postmenopausal women, greater adherence to HEI-2010 (quartile 4 vs. quartile 1,
OR = 0.57, 95%CI: 0.36, 0.92; P for trend = 0.03) and AHEI-2010 (quartile 4 vs. quartile 1, OR = 0.49, 95%CI: 0.31,
0.78; P for trend = 0.01) were inversely associated with ovarian cancer. Our findings indicate that adherence to an
overall healthy dietary pattern may reduce ovarian cancer risk in African-American women, and particularly among
postmenopausal African-Americanwomen.

African Americans; diet; ovarian neoplasms

Abbreviations: AACES, African American Cancer Epidemiology Study; AHEI, Alternate Healthy Eating Index; CI, confidence
interval; FFQ, food frequency questionnaire; HEI, Healthy Eating Index; OR, odds ratio.

Ovarian cancer is the fifth leading cause of cancer death
among women in the United States (1). Considering the poor
survival rates, and that only 10% of cases are from inherited
high-risk germline mutations while the rest are thought to be
sporadic (2), it would be valuable to identify modifiable life-
style factors, including dietary interventions, for ovarian can-
cer. Compared with assessing single foods or nutrients, the
examination of dietary exposures as dietary patterns may bet-
ter accommodate the multidimensional aspects of diet and
more efficiently measure the role of diet in the etiology of
ovarian cancer.

Several dietary quality indices, often based on established foods
and nutrients predictive of chronic diseases and evidence-based

dietary guidelines, have been developed to reflect the health-
fulness of individual overall diet. These indices are meaningful
in research settings to understand relationships between dietary
patterns and health outcomes. They are also convenient tools
for dietitians and physicians to assess personal diet in clinical
settings. The Healthy Eating Index (HEI) is a measure of die-
tary quality based on adherence to the Dietary Guidelines for
Americans. Compared with HEI-2005, the updated HEI-2010
has an increased emphasis on dietary quality and reflects the
most recent national dietary guidelines (3). Another measure,
Alternate Healthy Eating Index–2010 (AHEI-2010), grounded
in a different eating guide, the Healthy Eating Pyramid, was
based on dietary predictors of chronic diseases (4).
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Scores from both HEI-2005 and HEI-2010 were found to
predict cardiovascular disease (CVD) and cancer mortality
(5). AHEI-2010 scores were found to predict the risk of CVD,
diabetes, and cancer (4), which may share etiologic pathways
with ovarian cancer, such as inflammation, hyperinsulinemia,
and hormonal factors (6, 7). However, whether adherence to
any of the dietary recommendations would reduce the risk of
ovarian cancer remains unknown. Only 2 studies, conducted
in predominantly white populations, examined the HEI-2005
or AHEI-2010 in relation to ovarian cancer risk with insuffi-
cient evidence for association (8, 9). To our knowledge, no
study has examined the relationship between adherence to the
2010 Dietary Guidelines for Americans (HEI-2010) and ovarian
cancer risk. Furthermore, it remains unknown whether adherence
to any of the dietary recommendations is associated with a lower
risk of ovarian cancer in African Americans who, on average,
have lower dietary quality (10) and worse survival from ovarian
cancer than their white counterparts (11). Our study was designed
to evaluate the association of dietary quality as measured by HEI-
2005, HEI-2010, and AHEI-2010 with ovarian cancer risk
in African-American women.

METHODS

Design and participants

The African American Cancer Epidemiology Study
(AACES) is an ongoing population-based case-control study
of ovarian cancer in African-American women in 11 sites in
the United States (south- and mid-Atlantic: New Jersey,
North Carolina, South Carolina, Georgia; South central:
Tennessee, Alabama, Louisiana, Texas; Midwest: Michi-
gan, Illinois, Ohio) (12, 13). Cases were identified by rapid
case ascertainment using state cancer registries; Surveillance, Epi-
demiology, and End Results (SEER) registries; or hospitals’
gynecologic oncology departments. Eligible cases included
women of self-identified African-American descent aged 20–
79 years, who were residents of the defined geographic region
for each site, with newly diagnosed (since December 2010)
and histologically confirmed invasive epithelial ovarian cancer.

Controls were identified by list-assisted, random-digit dialing,
with phone numbers chosen from both landline and cellular
telephone exchanges. Women were eligible controls if they self-
identified as African Americans, had no previous history of ovar-
ian cancer, and had not had previous bilateral oophorectomy.We
aimed to frequency match cases by 5-year age group and
state of residence. Anticipated distribution of age and state
of residence was provided beforehand to facilitate control ac-
crual. Among those who could be contacted, 66.5% of poten-
tial cases and 72% of potential controls agreed to participate
in the main telephone interview, which included structured
questions on sociodemographic, health, and lifestyle factors.
The study was approved by the institutional review boards at
all study sites.

The present analyses included 495 cases and 711 controls
who completed the telephone interview by December
2014. We excluded 74 cases and 76 controls who did not
complete the food frequency questionnaire (FFQ) for dietary
assessment, 1 case and 3 controls who reported an extreme

energy intake (greater than twice the interquartile range of
log energy intake), and 5 cases and 3 controls with covariates
missing, leaving 415 cases and 629 controls in this study.
We found no difference with respect to age, education, men-
opausal status, or other nondietary risk factors listed in Table 1
when comparing women who completed the FFQ with those
who did not (data not shown), except for parity, where cases
without FFQ were found to have more children (3 children
for those without FFQs vs. 2 children for those with FFQs,
respectively; P< 0.001).

Dietary assessment

Dietary information was obtained via a self-administered
Block 2005 FFQ for 110 foods and beverages consumed
over the year preceding diagnosis (for cases) or the reference
date (for controls). Average daily intakes were calculated by
summing the frequency of consumption of a specified serv-
ing of food or beverage or by summing the product of the
frequency of consumption of a specified serving of food or
beverage by the nutrient content of that food or beverage.
Average daily total energy intake was estimated as the sum
of energy intake across all food and beverage items. Scores
for all the indices were calculated using average daily intakes
from the FFQ linked to the MyPyramid Equivalents Data-
base 2.0 (US Department of Agriculture) or from published
descriptions to generate equivalent intake for nutrients or
food groups under each index. Both HEI-2005 and HEI-
2010 included 12 food or nutrient components, with total
score ranges of 0–100. AHEI-2010 included 10 components
with a score range of 0–110. Higher scores indicated better
adherence to a healthy diet. The rationale and development
details of the indices have been described elsewhere (3, 4).
Detailed scoring criteria for the indices are compared in Web
Table 1.

Statistical analysis

We compared characteristics between cases and controls
using χ2 tests for categorical variables and t tests to compare
means for continuous variables. We also compared scores de-
rived from the 3 index-based dietary patterns using Pearson’s
correlations.

Because of the frequency matching in our study design,
we used unconditional logistic regression models adjusting
for the matching factors to estimate odds ratios and 95% con-
fidence intervals. Scores of the 3 indices were categorized
into quartiles based on the distributions among controls. The
median values of each quartile were treated as a continuous
variable to test for linear trends. The 3 dietary indices were
also evaluated for each increment of 10 points. The first
model adjusted only for age (year) and geographic region
(south- and Mid-Atlantic, South central, Midwest). The
multivariable-adjusted model further considered a priori the
potential confounders or risk factors for ovarian cancer of
education (high school or less, some post–high school train-
ing, college or graduate degree), parity (0, 1–2, >2), oral
contraceptive use (never, <60 months, ≥60 months), meno-
pause status (pre- or postmenopausal), tubal ligation (no,
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Table 1. Selected Characteristics of African-AmericanWomen Included in the Study, African American Cancer Epidemiology Study, 2010–2014

Characteristic

Cases (n= 415) Controls (n= 629)

P ValueaNo. of
Participants % Mean (SD) No. of

Participants % Mean (SD)

Age group, yearsb

20–39 19 4.6 71 11.3 <0.001

40–49 69 16.6 105 16.7

50–59 150 36.1 237 37.7

60–69 114 27.5 160 25.4

70–79 63 15.2 56 8.9

State of residenceb

Michigan or Illinois 40 9.6 93 14.8 0.03

Ohio 31 7.5 60 9.5

New Jersey 36 8.7 49 7.8

North Carolina 67 16.1 100 15.9

South Carolina 56 13.5 51 8.1

Georgia 73 17.6 130 20.7

Tennessee or Alabama 45 10.8 64 10.2

Louisiana 32 7.7 44 7.0

Texas 35 8.4 38 6.0

Education

High school or less 180 44.3 232 36.9 0.05

Some post-high school training 131 32.3 229 36.4

College or graduate degree 95 23.4 168 26.7

Parity

0 81 19.5 83 13.2 0.02

1–2 179 43.1 283 44.9

>2 155 37.4 263 42.0

Oral contraceptive use

Never 120 28.9 123 19.6 0.002

<60months 167 40.2 284 45.2

≥60months 128 30.8 222 35.3

Postmenopausal 304 73.3 436 69.3 0.17

Ever use of hormone replacement therapyc 79 26.3 100 23.0 0.32

Tubal ligation 139 33.5 256 40.7 0.02

Family history of breast/ovarian cancer
(first-degree relative)

No 297 73.2 494 78.5 0.007

Yes 109 26.9 115 18.3

Unknown 9 2.2 20 3.2

Bodymass indexd 33.3 (9.0) 32.2 (8.2) 0.03

Total energy intake, kcal 1,783.3 (1,214.4) 1,744.5 (1,127.8) 0.60

Healthy Eating Index–2005, score 61.0 (10.3) 60.9 (10.7) 0.93

Healthy Eating Index–2010, score 61.0 (11.1) 61.7 (11.2) 0.34

Alternate Healthy Eating Index–2010, score 51.7 (10.3) 53.1 (11.1) 0.04

Abbreviation: SD, standard deviation.
a Student’s t test for continuous variables and χ2 tests for categorical variables.
b This study was designed to frequency match controls to cases by 5-year age category and state of residence. The differences in age and state

of residence between cases and controls may, in part, be because this is an ongoing study that is still enrolling participants.
c Restricted to postmenopausal women.
d Bodymass index was calculated as weight (kg)/height (m)2, frommeasurements 1 year before diagnosis (cases) or reference date (controls).
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yes), first-degree family history of breast or ovarian cancer
(no, yes), body mass index (weight (kg)/height (m)2, calcu-
lated from self-reported weight and height 1 year before
diagnosis/reference date), physical activity (in the year
preceding diagnosis/reference date: 0, <150 minutes/week,
≥150 minutes/week), and total energy intake (kcal). Other
potential confounders considered were household income, age
at menarche, hormone therapy use, smoking, and history of
diabetes, but these were not included in the final model because
they affected the estimates for the 3 dietary quality indices by
less than 10%.

To explore how each nutrient or food group contributes to
the relationship of overall index score and ovarian cancer
risk, the independent association between a 1-point incre-
ment in score for each index component and risk of ovarian
cancer was assessed by simultaneously adjusting for the
overall score without the component of interest in the multi-
variable model.

We examined whether associations between dietary pat-
tern and ovarian cancer risk were modified by menopausal
status. Because ovarian cancer is a hormonally related dis-
ease, risk factors may have different effects at different
stages of life (14).We also assessed whether any associations
between diet and ovarian cancer risk were modified by
body mass index, physical activity (0, <150 minutes/week,
≥150 minutes/week), or smoking (never, ever) to understand
whether diet combined with these lifestyle factors could opti-
mize ovarian cancer prevention. P-for-interaction values
were obtained via the likelihood ratio test using product terms
with quartiles of each of the dietary indices.We also examined
the associations by the 2 histological subtypes contributing
the largest number of cases (serous and endometrioid) and
tested for heterogeneity. Due to stratum sizes, the associations
by histological subtypes and the heterogeneity tests were
evaluated with the per-10-point increment of the dietary quality
score. In the sensitivity analysis, we conducted propensity-
score nearest-neighbor matching to further ensure the com-
parability between cases and controls with respect to our
matching criteria (i.e., 5-year age group and state of resi-
dence) and repeated the primary analysis among matched
samples. Statistical analysis was performed using Stata, ver-
sion 13.1 (StataCorp LP, College Station, Texas). All statistical
tests were 2-sided.

RESULTS

Cases were slightly older than controls and were less
likely to reside in the Midwestern states (Michigan, Illinois,
and Ohio) (Table 1). Cases were more likely to be nullipa-
rous, to have a family history of breast/ovarian cancer, and to
have a higher body mass index. Cases were less likely to have
used oral contraceptives or to have had a tubal ligation. Cases
were similar to controls in total caloric intake and mean scores
on the HEIs but had a lower mean AHEI-2010 score.

Table 2 shows the association of the 3 dietary quality indi-
ces with ovarian cancer risk. Higher scores obtained by the
AHEI-2010 were associated with lower risk of ovarian cancer
in all African-American women. Age- and region-adjusted es-
timates were similar to results from the multivariable-adjusted

model (highest quartile (4th) vs. lowest (1st), odds ratio (OR) =
0.66, 95% confidence interval (CI): 0.45, 0.98; P for trend =
0.05). Each 10-point increase of AHEI-2010 was associated
with a 16% decreased odds ratio (95%CI: 0.73, 0.95). Although
the AHEI-2010 scores were highly correlated with the HEI-
2005 (r = 0.74; P < 0.001) and HEI-2010 (r = 0.77; P <
0.001) scores, we observed no significant associations bet-
ween HEI scores and the risk of ovarian cancer among all
women.

We conducted stratified analyses for HEI-2005, HEI-2010,
and AHEI-2010 by menopausal status (P for interaction =
0.09, 0.056, 0.059, respectively; Table 2). Postmenopausal
women had lower risk of ovarian cancer with higher scores of
HEI-2010 (quartile 4 vs. quartile 1, OR = 0.57, 95% CI: 0.36,
0.92; P for trend = 0.03) and AHEI-2010 (quartile 4 vs. quartile
1, OR = 0.49, 95% CI: 0.31, 0.78; P for trend = 0.01). Each
10-point increase of HEI-2010 or AHEI-2010 was associated
with a decreased odds ratio—by 17% (95% CI: 0.71, 0.97)
or by 25% (95% CI: 0.64, 0.88), respectively. Although we
observed a decreased risk for higher HEI-2005 scores among
postmenopausal women, the risk estimates were not statis-
tically significant. There was no association between HEI-2005,
HEI-2010, or AHEI-2010 and ovarian cancer risk among pre-
menopausal women. The sensitivity analysis using propensity-
score matching did not change the observed associations (Web
Table 2).

No significant interaction was found for body mass index,
physical activity, or smoking. No significant heterogeneity
was found when these associations were evaluated by serous
or endometrioid histologic subtype for any of the indices (P
for heterogeneity ≥ 0.15; Web Table 3), but each additional
10 points of AHEI-2010 score was associated with a decreased
odds ratio for serous tumors by 22% (95%CI: 0.66, 0.91) among
all women and by 31% (95% CI: 0.57, 0.83) among postmeno-
pausal women.

We explored the influence of each food or nutrient compo-
nent that made up the 3 dietary indices (Table 3). Among
postmenopausal women, 3 components of HEI-2010—greens
and beans, seafood and plant proteins, and lower intake of
empty calories (i.e., calories from solid fats, alcohol and added
sugars)—were significantly associated with lower risk of ovar-
ian cancer. Total fruit (including juice) showed positive associa-
tions, as reported by others (5). Similar findings for HEI-2005
components can be found in Web Table 4. Two components of
AHEI-2010—vegetables and lower intake of sugar-sweetened
beverages and fruit juice—showed inverse associations among
all women of a similar magnitude. Sugar-sweetened beverages
and fruit juice, in particular, were significantly associated with
ovarian cancer risk among postmenopausal African-American
women.

DISCUSSION

In this population-based study of ovarian cancer among
African-American women, AHEI-2010 was associated with
a lower risk of ovarian cancer. When stratified by meno-
pausal status, AHEI-2010 and adherence to the current Die-
tary Guidelines for Americans (i.e., HEI-2010) were both
strongly associated with reduced risk of ovarian cancer
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Table 2. Odds Ratios for Ovarian Cancer by Quartiles of Dietary Quality Indices Among All Participants and
According to Menopausal Status, African American Cancer Epidemiology Study, 2010–2014a,b

Quartile and
Menopausal Statusc

No. of
Cases

No. of
Controls

Age- and Region-
Adjusted Multivariate-Adjustedd

OR 95%CI OR 95%CI

Healthy Eating Index–2005

All women

Quartile 1 103 158 1 Referent 1 Referent

Quartile 2 102 158 0.90 0.63, 1.28 0.87 0.60, 1.26

Quartile 3 115 157 1.00 0.70, 1.42 1.03 0.70, 1.50

Quartile 4 95 156 0.82 0.57, 1.18 0.83 0.56, 1.23

P for trend 0.39 0.52

Per 10-point increase 0.95 0.84, 1.08 0.97 0.84, 1.11

Premenopausal

Quartile 1 34 65 1 Referent 1 Referent

Quartile 2 27 47 1.00 0.52, 1.94 1.11 0.53, 2.32

Quartile 3 22 47 0.73 0.37, 1.46 0.68 0.31, 1.50

Quartile 4 28 34 1.46 0.74, 2.88 1.24 0.55, 2.78

P for trend 0.51 0.93

Per 10-point increase 1.11 0.88, 1.39 1.04 0.80, 1.36

Postmenopausal

Quartile 1 69 93 1 Referent 1 Referent

Quartile 2 75 111 0.85 0.55, 1.31 0.81 0.52, 1.28

Quartile 3 93 110 1.04 0.68, 1.60 1.07 0.68, 1.68

Quartile 4 67 122 0.66 0.43, 1.03 0.68 0.43, 1.10

P for trend 0.14 0.24

Per 10-point increase 0.89 0.77, 1.03 0.91 0.77, 1.07

Healthy Eating Index–2010

All women

Quartile 1 112 159 1 Referent 1 Referent

Quartile 2 110 158 0.88 0.62, 1.25 0.86 0.60, 1.25

Quartile 3 99 158 0.79 0.55, 1.13 0.81 0.55, 1.19

Quartile 4 94 154 0.74 0.51, 1.07 0.74 0.50, 1.11

P for trend 0.09 0.14

Per 10-point increase 0.90 0.80, 1.01 0.90 0.79, 1.02

Premenopausal

Quartile 1 36 68 1 Referent 1 Referent

Quartile 2 25 44 0.95 0.49, 1.84 1.00 0.49, 2.05

Quartile 3 22 52 0.69 0.35, 1.35 0.65 0.30, 1.42

Quartile 4 28 29 1.57 0.79, 3.16 1.24 0.54, 2.82

P for trend 0.45 0.94

Per 10-point increase 1.07 0.87, 1.32 0.99 0.77, 1.28

Postmenopausal

Quartile 1 76 91 1 Referent 1 Referent

Quartile 2 85 114 0.83 0.54, 1.26 0.80 0.51, 1.23

Quartile 3 77 106 0.78 0.51, 1.21 0.82 0.51, 1.30

Quartile 4 66 125 0.56 0.36, 0.87 0.57 0.36, 0.92

P for trend 0.01 0.03

Per 10-point increase 0.82 0.71, 0.94 0.83 0.71, 0.97

Table continues
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among postmenopausal women. HEI-2005 was not related to
ovarian cancer risk.

Our results suggest that, compared with HEI-2005, the
recent dietary indices (HEI-2010 and AHEI-2010) can cap-
ture aspects of diet more relevant to ovarian cancer. The
lower predicted risk with both HEI-2010 and AHEI-2010
among postmenopausal women is as expected considering
the 2 indices have several components in common, with empha-
sis on increasing vegetables, whole fruit, and whole grains and
on reducing sodium and added sugar. They also have some dis-
tinct differences that may, in part, explain the even stronger
associations for AHEI-2010. Compared with HEI-2010, AHEI-
2010 gives more weight to fatty acid composition of the diet
and does not recommend dairy or total fruit (including fruit
juice). While HEI-recommended optimal intake is relative to a

person’s total caloric intake, AHEI used an absolute intake
approach. Although there is no gold standard for energy adjust-
ment in scoring derivation, whichmay deserve more research,
it is unlikely to meaningfully influence our observations
between healthy dietary patterns and a lower risk of ovarian
cancer (15). In our study, the individual component results
among postmenopausal women were similar to those among
all women, while the associations with HEI-2010 total scores
(particularly in the highest quartile) and AHEI-2010 were more
pronounced in postmenopausal women. These observations
comparing total adherence scores versus individual index
components likely reflect the advantages of examining dietary
pattern as a whole, which could accommodate the complex
contributions and interactions from multiple foods and nutri-
ents consumed in combination with varied food preparation

Table 2. Continued

Quartile and
Menopausal Statusc

No. of
Cases

No. of
Controls

Age- and Region-
Adjusted Multivariate-Adjustedd

OR 95%CI OR 95%CI

Alternate Healthy Eating Index–2010

All women

Quartile 1 122 159 1 Referent 1 Referent

Quartile 2 98 159 0.79 0.56, 1.12 0.83 0.57, 1.19

Quartile 3 109 155 0.83 0.59, 1.84 0.83 0.57, 1.19

Quartile 4 86 156 0.66 0.46, 0.95 0.66 0.45, 0.98

P for trend 0.04 0.05

Per 10-point increase 0.85 0.76, 0.96 0.84 0.73, 0.95

Premenopausal

Quartile 1 29 65 1 Referent 1 Referent

Quartile 2 35 51 1.43 0.75, 2.70 1.69 0.82, 3.47

Quartile 3 22 44 1.09 0.54, 2.18 1.00 0.46, 2.18

Quartile 4 25 33 1.52 0.75, 3.09 0.94 0.40, 2.21

P for trend 0.35 0.63

Per 10-point increase 1.11 0.89, 1.38 0.94 0.72, 1.21

Postmenopausal

Quartile 1 93 94 1 Referent 1 Referent

Quartile 2 63 108 0.59 0.38, 0.90 0.60 0.39, 1.93

Quartile 3 87 111 0.73 0.49, 1.10 0.76 0.49, 1.16

Quartile 4 61 123 0.48 0.31, 0.73 0.49 0.31, 0.78

P for trend 0.003 0.01

Per 10-point increase 0.75 0.65, 0.87 0.75 0.64, 0.88

Abbreviations: AHEI, AlternateHealthy Eating Index; CI, confidence interval; HEI, Healthy Eating Index; OR, odds ratio.
a P for interaction = 0.09, 0.056, and 0.059 for menopausal status with quartiles of HEI-2005, HEI-2010, and AHEI-

2010, respectively.
b P for trend was tested by treating the median value of each quartile as a continuous variable in the corresponding

logistic regressionmodel.
c Median score and range from quartile 1 to quartile 4 of HEI-2005: 47.8 (range, 33.3–53.4), 57.6 (range, 53.5–61.0),

64.8 (range, 61.1–69.0), and 73.5 (range, 69.1–88.2); quartile 1 to quartile 4 of HEI-2010: 48.4 (range, 29.8–53.9), 58.4
(range, 54.0–61.9), 65.5 (range, 62.0–69.8), and 75.4 (range, 69.9–91.9); and quartile 1 to quartile 4 of AHEI-2010:
41.4 (range, 27.3–45.4), 49.1 (range, 45.5–51.9), 55.2 (range, 52.0–59.8), and 67.9 (range, 59.9–86.8).

d Multivariate-adjusted model included age, region, education, parity, oral contraceptive use, menopause status,
tubal ligation status, first-degree family history of breast/ovarian cancer, body mass index, physical activity, and total
energy intake.
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methods, as well as alleviating the concern of high correla-
tions between dietary factors in single food or nutrient analy-
sis. In addition, because only the continuous scale was used
when evaluating individual index components, any threshold
effect may have been overlooked.

To our knowledge, no studies have been published on the
association between HEI-2010 and ovarian cancer risk. Our
finding of no association between the HEI-2005 and ovarian

cancer risk was consistent with results from both a prospective
(8) and a case-control study (9). Of note, findings from the Wo-
men’s Health Initiative (WHI) suggested that better prediagnosis
dietary quality as measured by HEI-2005 was associated with
longer survival after a diagnosis of ovarian cancer (16).

To our knowledge, this is the first study to examine the associa-
tion of AHEI-2010 and ovarian cancer risk in AfricanAmericans.
In contrast to our finding of reduced risk with higher AHEI-2010

Table 3. Association of Each Component Score of the Healthy Eating Index–2010 and Alternate Healthy Eating Index–2010With Ovarian
Cancer Risk Among All Participants and According to Menopausal Status, African American Cancer Epidemiology Study, 2010–2014

Index and Component

Scoring Criteria Index-Specific OR (95%CI)a,b

Minimum
Score

Maximum
Score

Among All
Cases/Controls

(415/629)

Premenopausal
Cases/Controls

(111/193)

Postmenopausal
Cases/Controls

(304/436)

OR 95%CI OR 95%CI OR 95%CI

Healthy Eating Index–2010 component
(maximum points)

Total vegetables (5), cup eq./per 1,000 kcal 0 ≥1.1 0.83 0.73, 0.95 0.72 0.54, 0.96 0.86 0.74, 1.00

Greens and beans (5), cup eq./per 1,000 kcal 0 ≥0.2 0.88 0.79, 0.98 0.85 0.68, 1.06 0.87 0.77, 0.99

Total fruit (5)c, cup eq./1,000 kcal 0 ≥0.8 1.18 1.06, 1.32 1.21 0.96, 1.51 1.19 1.04, 1.35

Whole fruit (5), cup eq./per 1,000 kcal 0 ≥0.4 1.04 0.93, 1.16 1.16 0.93, 1.44 0.98 0.86, 1.13

Whole grains (10), oz eq./per 1,000 kcal 0 ≥1.5 1.02 0.97, 1.08 1.01 0.90, 1.14 1.03 0.97, 1.09

Dairy (10), cup eq./1,000 kcal 0 ≥1.3 1.06 1.00, 1.12 1.10 0.97, 1.25 1.05 0.98, 1.12

Total protein foods (5), oz eq./1,000 kcal 0 ≥2.5 0.83 0.68, 1.01 0.59 0.39, 0.88 0.92 0.73, 1.17

Seafood and plant proteins (5), oz eq./1,000 kcal 0 ≥0.8 0.86 0.77, 0.97 1.00 0.80, 1.27 0.80 0.70, 0.91

Fatty acids (10), ratio of (PUFAs+MUFAs) to SFAs <1.2 >2.5 0.97 0.91, 1.03 1.01 0.88, 1.16 0.95 0.89, 1.01

Refined grains (10)b, oz eq./1,000 kcal ≥4.3 ≤1.8 0.99 0.93, 1.07 0.97 0.84, 1.11 0.99 0.92, 1.08

Sodium (10)b, g/1,000 kcal ≥2.0 ≤1.1 1.02 0.97, 1.07 1.03 0.94, 1.14 1.01 0.95, 1.08

Empty calories (20)b,d, % of energy ≥50 ≤19 0.96 0.93, 0.99 0.97 0.91, 1.04 0.96 0.92, 0.99

Alternate Healthy Eating Index–2010 component
(maximum points)

Vegetables (10), servings 0 ≥5 0.94 0.89, 1.00 0.89 0.78, 1.01 0.96 0.90, 1.03

Nuts and legumes (10), servings 0 ≥1 0.98 0.93, 1.03 0.95 0.86, 1.05 0.97 0.92, 1.03

Fruit (10), servings 0 ≥4 1.00 0.95, 1.06 0.99 0.88, 1.11 1.00 0.94, 1.06

Whole grains (10), oz eq. 0 ≥5 1.04 0.95, 1.13 0.99 0.81, 1.21 1.04 0.94, 1.16

Long-chain (n-3) fats (EPA+DHA) (10), mg 0 250 0.97 0.92, 1.03 0.96 0.85, 1.09 0.96 0.90, 1.04

PUFA (10), % of energy ≤2 ≥10 1.00 0.92, 1.08 0.97 0.83, 1.14 1.01 0.92, 1.10

Trans fat (10)b, % of energy ≥4 ≤0.5 1.12 1.00, 1.24 1.25 0.98, 1.59 1.07 0.94, 1.21

Red/processedmeat (10)b, servings ≥1.5 0 1.00 0.95, 1.07 1.14 1.00, 1.30 0.95 0.89, 1.03

Sugar-sweetened beverages and fruit juice (10)b, servings ≥1 0 0.94 0.90, 0.98 0.99 0.90, 1.08 0.92 0.87, 0.97

Sodium (10)b, mg Highest
decilee

Lowest
decilee

1.03 0.97, 1.09 1.08 0.97, 1.20 0.99 0.92, 1.07

Alcohol (10), drinks ≥2.5 0.5–1.5 0.96 0.90, 1.02 0.93 0.82, 1.04 0.97 0.90, 1.05

Abbreviations: CI, confidence interval; DHA, docosahexaenoic acid; EPA, eicosapentaenoic acid; eq., equivalent; MUFA, monounsaturated
fatty acids; OR, odds ratio; PUFA, polyunsaturated fatty acid

a Model adjusted for age, region, education, parity, oral contraceptive use, menopause status, tubal ligation status, first-degree family history of
breast/ovarian cancer, bodymass index, physical activity, total energy intake, and the overall index score without the component under study.

b Estimates for a 1-point increment in score. For components that were reverse scored, higher score indicates lower intake.
c Total fruit includes fruit juice, whole fruit does not.
d Calories from solid fats, alcohol and added sugar; threshold for counting alcohol is>13 g/1,000 kcal.
e Based on a large sample of Block 2005 questionnaires, the 10th and 90th percentiles of sodium intake in women were 1,610mg/day and

4,138mg/day, respectively.
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scores, the Nurses’Health Study (among predominantly white
US women) found no association (8). The possibility that the as-
sociations differ by race/ethnicity is supported by evidence from
studies evaluating ovarian cancer risk factors between African
Americans and whites (17, 18) and also from studies comparing
dietary patterns with other health outcomes in both groups (19,
20). It may be attributed to differences in types and amounts of
foods and nutrients consumed (10, 21), cooking methods (21),
physiologic mechanisms (22), or other lifestyle correlates (23).
Findings from the National Health and Nutrition Examination
Survey (NHANES) suggested that African-American adults
had lower dietary quality scores as measured by HEI-2005 when
compared with their white counterparts (10), which is similar to
our observations. For instance, the HEI-2010 scores between
the 20th to 80th percentile among African-American controls
in our study (scores: 52–72) and in the Southern Community
Cohort Study consisting predominantly of African Americans
(women’s scores: 49–70) (5) are lower than scores from white
women studied in the WHI study (scores: 59–75) (24) and
from white women in the National Institutes of Health (NIH)-
AARP study (scores: 59–76) (25).

We observed that the association between adherence to
HEI-2010 or AHEI-2010 and reduced risk of ovarian cancer
was evident among postmenopausal but not among premen-
opausal women. This is consistent with breast cancer studies
that found dietary pattern was more predictive of risk for
postmenopausal women (26–28). It is possible that for youn-
ger women, genetic predisposition is a stronger determinant
than lifestyle factors of ovarian cancer. Another possible expla-
nation may be the different distribution of histologic subtypes in
pre- and postmenopausal women. For example, serous tumors
were more prevalent among postmenopausal women, and it was
only among serous tumors that we observed a lower risk of ovar-
ian cancer from higher AHEI-2010 scores. However, a formal
heterogeneity test indicated no significant differential associa-
tion by histologic subtype among all or by menopausal status.
Nevertheless, the results among premenopausal women and his-
tologic subtypes should be interpreted cautiously due to small
sample sizes and problems of multiple testing.

We recognize the limitations of dietary recall in case-
control studies as a result of the diagnosis or of symptoms
before diagnosis. To minimize the potential for recall bias,
cases were asked to report their diet 1 year before diagnosis,
which is beyond the median prediagnostic symptom duration
(4 months) for invasive cases (29). If undetected disease in-
fluences dietary choices, one might expect to observe more
dietary changes for cases with advanced stages. However,
we found no difference in any of the 3 indices between cases
at early stages vs. advanced stages. In addition, dietary pat-
tern approach has been documented to be a valid and repro-
ducible measure of diet quality (30, 31). It may be more
stable over time than tracking individual food or nutrients
and therefore subject to less misclassification in retrospective
dietary recall. The potential for selection bias is another
concern in case-control studies, particularly since we found
that women with more children were less likely to have
completed the FFQ. However, we found that the distribu-
tion of main risk factors among ovarian cancer cases and
controls in AACES was similar to that in other studies (23),

which supports the validity of our findings. Another intrin-
sic limitation of this study is the potential for residual con-
founding despite adjusting for a wide array of covariates,
which did not meaningfully alter the observations.

Despite the challenges provided by the case-control setting,
the current study represents the largest sample of African-
American ovarian cancer cases and controls available to examine
the risk factors in this understudied population. An additional
strength is the evaluation of the 3 dietary indices together, which
allows direct comparisons among them.

In conclusion, our findings suggest that an overall healthy die-
tary pattern is associated with lower risk of ovarian cancer. If our
results can be confirmed by future studies, this line of inquiry
may open up new strategies for preventing ovarian cancer.

ACKNOWLEDGMENTS

Author affiliations: Department of Population Science,
Rutgers Cancer Institute of New Jersey, New Brunswick,
New Jersey (Bo Qin, Elisa V. Bandera); Department of
Community and Family Medicine, Duke Cancer Institute,
Durham, North Carolina (Patricia G. Moorman); Hollings
Cancer Center, Medical University of South Carolina,
Charleston, South Carolina (Linda E. Kelemen, Anthony J.
Alberg); Department of Public Health Sciences, Medical
University of South Carolina, Charleston, South Carolina
(Linda E. Kelemen, Anthony J. Alberg); Case Comprehensive
Cancer Center, School of Medicine, CaseWestern Reserve
University, Cleveland, Ohio (Jill S. Barnholtz-Sloan); Cancer
Prevention and Population Sciences Program, Baylor College
of Medicine, Houston, Texas (Melissa Bondy); Department of
Oncology, School of Medicine, Wayne State University,
Detroit, Michigan (Michele L. Cote, Ann G. Schwartz);
Karmanos Cancer Institute Population Studies and Disparities
Research Program, Detroit, Michigan (Michele L. Cote, Ann
G. Schwartz); Division of Preventive Medicine, University of
Alabama at Birmingham, Birmingham, Alabama (Ellen
Funkhouser); Epidemiology Program, School of Public
Health, Louisiana State University Health Sciences Center,
New Orleans, Louisiana (Edward S. Peters); Department of
Public Health, University of Tennessee–Knoxville, Knoxville,
Tennessee (Paul Terry); Department of Surgery, University of
Tennessee–Knoxville, Knoxville, Tennessee (Paul Terry); and
Department of Public Health Sciences, University of Virginia,
Charlottesville, Virginia (Joellen M. Schildkraut).

This work was supported by the National Cancer Institute
(grant R01CA142081). Additional support was provided by
Metropolitan Detroit Cancer Surveillance System with
federal funds from the National Cancer Institute (contract
HHSN261201000028C); the Epidemiology Research Core,
supported in part by a National Cancer Institute Center
award (grant P30CA22453) to the Karmanos Cancer
Institute, Wayne State University School of Medicine; and a
National Cancer Institute award (grant P30CA072720) to the
Rutgers Cancer Institute of New Jersey.

We thank the AACES interviewers, Christine Bard,
LaTonda Briggs,Whitney Franz (North Carolina) and Robin
Gold (Detroit).We also thanks the individuals responsible for

Am J Epidemiol. 2017;185(12):1281–1289

1288 Qin et al.



facilitating case ascertainment across the 10 sites, including
Jennifer Burczyk-Brown (Alabama); Rana Bayakly, Vicki
Bennett and JudyAndrews (Georgia); the Louisiana Tumor
Registry; Lisa Paddock andManisha Narang (New Jersey);
Diana Slone, YingliWolinsky, StevenWaggoner, Anne
Heugel, Nancy Fusco, Kelly Ferguson, Peter Rose, Deb Strater,
Taryn Ferber, DonnaWhite, Lynn Borzi, Eric Jenison,
Nairmeen Haller, Debbie Thomas, Vivian vonGruenigen,
MicheleMcCarroll, Joyce Neading, JohnGeisler, Stephanie
Smiddy, David Cohn,Michele Vaughan, Luis Vaccarello,
Elayna Freese, James Pavelka, Pam Plummer,WilliamNahhas,
Ellen Cato, JohnMoroney,MarkWysong, Tonia Combs,
Marci Bowling, Brandon Fletcher, YingliWolinsky (Ohio);
Susan Bolick, Donna Acosta, Catherine Flanagan (South
Carolina); andMartinWhiteside (Tennessee) and Georgina
Armstrong and the Texas Registry, Cancer Epidemiology and
Surveillance Branch, Department of State Health Services.

Conflict of interest: none declared.

REFERENCES

1. American Cancer Society.Cancer Facts and Figures 2015.
American Cancer Society Atlanta; 2015.

2. Berek JS, Friedlander ML, Bast RC Jr. Ovarian cancer. In:
Kufe DW, Iii EF, Holland JF, et al., eds.Holland-Frei Cancer
Medicine. 8th ed. Shelton, CT: People’s Medical Publishing
House USA; 2010:1344–1375.

3. Guenther PM, Casavale KO, Reedy J, et al. Update of the
healthy eating index: HEI-2010. J Acad Nutr Diet. 2013;
113(4):569–580.

4. Chiuve SE, Fung TT, Rimm EB, et al. Alternative dietary
indices both strongly predict risk of chronic disease. J Nutr.
2012;142(6):1009–1018.

5. Yu D, Sonderman J, Buchowski MS, et al. Healthy eating and
risks of total and cause-specific death among low-income
populations of African-Americans and other adults in the
southeastern United States: a prospective cohort study. PLoS
Med. 2015;12(5):e1001830.

6. Hunn J, Rodriguez GC. Ovarian cancer: etiology, risk factors,
and epidemiology.Clin Obstet Gynecol. 2012;55(1):3–23.

7. Arcidiacono B, Iiritano S, Nocera A, et al. Insulin resistance
and cancer risk: an overview of the pathogenetic mechanisms.
Exp Diabetes Res. 2012;2012:789174.

8. Xie J, Poole EM, Terry KL, et al. A prospective cohort study of
dietary indices and incidence of epithelial ovarian cancer.
J Ovarian Res. 2014;7:112.

9. Chandran U, Bandera E, Williams-KingM, et al. Healthy
eating index and ovarian cancer risk. Cancer Causes Control.
2011;22(4):563–571.

10. Hiza HA, Casavale KO, Guenther PM, et al. Diet quality of
Americans differs by age, sex, race/ethnicity, income, and
education level. J Acad Nutr Diet. 2013;113(2):297–306.

11. Chornokur G, Amankwah EK, Schildkraut JM, et al. Global
ovarian cancer health disparities.Gynecol Oncol. 2013;129(1):
258–264.

12. Schildkraut JM, Alberg AJ, Bandera EV, et al. A multi-center
population-based case-control study of ovarian cancer in
African-American women: the African American Cancer
Epidemiology Study (AACES). BMCCancer. 2014;14(1):688.

13. Qin B,Moorman PG, Alberg AJ, et al. Dietary carbohydrate
intake, glycaemic load, glycaemic index and ovarian cancer risk
in African-American women. Br J Nutr. 2016;115(4):694–702.

14. Marmot M, Atinmo T, Byers T, et al. Food, Nutrition, Physical
Activity, and the Prevention of Ovarian Cancer: A Global
Perspective. Washington, DC:World Cancer Research Fund/
American Institute for Cancer Research; 2007.

15. McCulloughML. Diet patterns and mortality: common threads
and consistent results. J Nutr. 2014;144(6):795–796.

16. Thomson CA, Crane TE,Wertheim BC, et al. Diet quality and
survival after ovarian cancer: results from theWomen’s Health
Initiative. J Natl Cancer Inst. 2014;106(11):dju314.

17. Schildkraut JM, Murphy SK, Palmieri RT, et al. Trinucleotide
repeat polymorphisms in the androgen receptor gene and risk
of ovarian cancer.Cancer Epidemiol Biomarkers Prev. 2007;
16(3):473–480.

18. Hoyo C, Berchuck A, Halabi S, et al. Anthropometric
measurements and epithelial ovarian cancer risk in African-
American and white women.Cancer Causes Control. 2005;
16(8):955–963.

19. Gao SK, Beresford SA, Frank LL, et al. Modifications to the
Healthy Eating Index and its ability to predict obesity: the
Multi-Ethnic Study of Atherosclerosis. Am J Clin Nutr. 2008;
88(1):64–69.

20. Zamora D, Gordon-Larsen P, Jacobs DR Jr, et al. Diet quality and
weight gain among black and white young adults: the Coronary
Artery Risk Development in Young Adults (CARDIA) Study
(1985–2005). Am J Clin Nutr. 2010;92(4):784–793.

21. Gans KM, Burkholder GJ, Risica PM, et al. Baseline fat-
related dietary behaviors of white, Hispanic, and black
participants in a cholesterol screening and education project in
New England. J Am Diet Assoc. 2003;103(6):699–706.

22. Das SK, Sharma NK, Zhang B. Integrative network analysis
reveals different pathophysiological mechanisms of insulin
resistance among Caucasians and African Americans. BMC
Med Genomics. 2015;8(1):4.

23. Moorman PG, Palmieri RT, Akushevich L, et al. Ovarian
cancer risk factors in African-American and white women. Am
J Epidmiol. 2009;170(5):598–606.

24. George SM, Ballard-Barbash R, Manson JE, et al. Comparing
indices of diet quality with chronic disease mortality risk in
postmenopausal women in theWomen’s Health Initiative
Observational Study: evidence to inform national dietary
guidance. Am J Epidemiol. 2014;180(6):616–625.

25. Reedy J, Krebs-Smith SM,Miller PE, et al. Higher diet quality
is associated with decreased risk of all-cause, cardiovascular
disease, and cancer mortality among older adults. J Nutr 2014;
144(6):881–889.

26. Cui X, Dai Q, TsengM, et al. Dietary patterns and breast
cancer risk in the Shanghai Breast Cancer Study.Cancer
Epidemiol Biomarkers Prev. 2007;16(7):1443–1448.

27. Ronco AL, De Stefani E, Boffetta P, et al. Food patterns and
risk of breast cancer: a factor analysis study in Uruguay. Int J
Cancer. 2006;119(7):1672–1678.

28. Trichopoulou A, Bamia C, Lagiou P, et al. Conformity to
traditional Mediterranean diet and breast cancer risk in the
Greek EPIC (European Prospective Investigation into Cancer
and Nutrition) cohort. Am J Clin Nutr. 2010;92(3):620–625.

29. VineMF, Ness RB, Calingaert B, et al. Types and duration of
symptoms prior to diagnosis of invasive or borderline ovarian
tumor.Gynecol Oncol. 2001;83(3):466–471.

30. Hu FB, Rimm E, Smith-Warner SA, et al. Reproducibility and
validity of dietary patterns assessed with a food-frequency
questionnaire. Am J Clin Nutr. 1999;69(2):243–249.

31. Mikkila V, Rasanen L, Raitakari OT, et al. Consistent dietary
patterns identified from childhood to adulthood: the
cardiovascular risk in Young Finns Study. Br J Nutr. 2005;
93(6):923–931.

Am J Epidemiol. 2017;185(12):1281–1289

Dietary Quality and Ovarian Cancer 1289


	Dietary Quality and Ovarian Cancer Risk in African-American Women
	METHODS
	Design and participants
	Dietary assessment
	Statistical analysis

	RESULTS
	DISCUSSION
	ACKNOWLEDGMENTS
	REFERENCES


