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Introduction: A Mediterranean-style dietary pattern is believed to have
cancer-protective effects. We compared the prospective associations between
adherence to four established Mediterranean diet indices and breast cancer
risk (including total, postmenopausal, and hormone receptor positive cases) in
women in the Framingham Offspring Study.

Methods: The four indices used two different approaches to measuring adherence
to a Mediterranean diet: (a) scores based on the population-specific median
intakes of Mediterranean diet-related foods in a given population (i.e., alternate
Mediterranean Diet (aMED) index and Mediterranean Diet Score (MDS) index), and
(b) scores based on compliance with recommended intakes of relevant foods
from the Mediterranean diet pyramid [i.e., Mediterranean Diet (MeDiet) index and
Mediterranean Style Dietary Pattern (MSDP) index]. Dietary data were derived from
semiquantitative food frequency questionnaires collected in 1991-95. Participants
included 1579 women aged <30 years who were free of prevalent cancer. Women
were followed through 2014, and Cox proportional-hazards models were used
to estimate hazard ratios (HRs) and 95% confidence intervals (Cls), adjusting for
various confounders.

Results: During a median follow-up of approximately 18 years, 87 breast cancer
cases were documented. Women in the highest (vs. lowest) score category of the
pyramid-based scores (i.e., MeDiet or MSDP) had approximately 45% statistically
significantly lower breast cancer risks. These effects were even stronger for any
hormone receptor positive cases using the MeDiet index (highest vs. lowest score
categories: HR = 0.45, 95% CI: 0.22-0.90). Neither of the median intake-based
scores (i.e., aMED, MDS) was associated with breast cancer risk.

Discussion: Our results suggest that the methodology and the composition
of Mediterranean diet indices influence their ability to assess conformity to this
specific diet pattern and predict breast cancer risk.

KEYWORDS

breast cancer, Mediterranean diet, dietary index, prospective cohort study, diet quality,
hormone receptor status

1. Introduction

Dietary guidelines in the US recommend the Mediterranean diet as a healthy dietary
pattern for the prevention of chronic disease risk, including cancer (1). The Mediterranean
diet is a well-balanced plant-based diet. However, its specific definition varies somewhat due
to the variations in culture, religion, ethnicity, and socio-economic status among and within
the different Mediterranean countries (2). Nevertheless, a Mediterranean diet is commonly
characterized by frequent consumption of non-refined grains, vegetables, fruits, nuts, olive

01 frontiersin.org


https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org/journals/nutrition#editorial-board
https://www.frontiersin.org/journals/nutrition#editorial-board
https://www.frontiersin.org/journals/nutrition#editorial-board
https://www.frontiersin.org/journals/nutrition#editorial-board
https://doi.org/10.3389/fnut.2023.1148075
http://crossmark.crossref.org/dialog/?doi=10.3389/fnut.2023.1148075&domain=pdf&date_stamp=2023-03-21
mailto:llmoore@bu.edu
https://doi.org/10.3389/fnut.2023.1148075
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/articles/10.3389/fnut.2023.1148075/full
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org

Yiannakou et al.

oil, and dairy products, and moderate intakes of fish, poultry,
potatoes, legumes, eggs, and sweets. Finally, moderate intake of red
wine during meals and increased physical activity are important
components of the Mediterranean lifestyle (3, 4).

Various a priori criterion-based dietary indices have been
developed over the years to assess a population’s conformity
to the Mediterranean diet (5, 6) and examine the cancer-
protective effects of this dietary pattern. Evidence from some
observational studies suggests that higher adherence to the
Mediterranean diet is protective against breast cancer (7), especially
in postmenopausal women (8-10), although evidence on molecular
subtypes (defined by hormone receptor status) is very limited and
inconsistent (11-14).

Mediterranean diet indices are designed to assess conformity
to a single dietary pattern, but they often have different dietary
components, use different methodologies for assigning points and
scoring the diet, and apply different weighting strategies (5, 6, 15).
These differences may influence the ability of a given index to assess
conformity to the diet and predict disease risk.

Over the last decades, more than 25 Mediterranean diet indices
with different scoring methods were developed. Historically, the
first Mediterranean diet index was created by Trichopoulou and
her colleagues in 1995 (16). Then Trichopoulou and colleagues
created a modified index in 2003 called the Mediterranean Diet
Score (MDS) that excluded potatoes, added fish, and changed the
alcohol score (17). Shortly thereafter, in 2005, an alternative index
was created called the alternate Mediterranean Diet (aMED) index
(18). The differences between the MDS and aMED were mainly in
the selection of food groups (e.g., inclusion or exclusion of dairy,
whole grains, fruit, and nuts). In our comparison of Mediterranean
diet indices for this study, we propose first to examine these
two indices of Mediterranean diet adherence that have similar
scoring systems based on population-specific median intakes of
Mediterranean diet-related foods in a given population. Since these
scores may perform differently in non-Mediterranean populations
who consume very different amounts of Mediterranean-style foods,
we chose to compare these indices with two additional indices
that base their scoring on adherence to recommended intakes
of foods from the traditional Mediterranean diet pyramid (19).
Thus, for these analyses, we chose to additionally evaluate the
Mediterranean Diet (MeDiet) index developed by Panagiotakos
and his colleagues in 2006 (20), as well as another index developed
for use in the Framingham Study in 2009, called the Mediterranean
Style Dietary Pattern (MSDP) index (21). These latter indixes may
address some of the limitations of previous indices when used
in non-Mediterranean populations. Whether these pyramid-based

Abbreviations: aMED, alternate Mediterranean diet score; BMI, body mass
index; Cl, confidence interval; DM, diabetes mellitus; ER/PR, estrogen
receptor or progesterone receptor; FFQ, food frequency questionnaire;
FOS, Framingham offspring study; HR, hazard ratio; ICD, International
MeDiet,

Mediterranean diet score; MET, metabolic equivalents; MSDP, Mediterranean-

Classification of Diseases; MDS, Mediterranean diet score;

style dietary pattern; Mono, monounsaturated fat; Srvg, serving; WHtR,

waist-to-height ratio.
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indices better predict disease risk than those based on population-
specific median intakes has not been previously examined within
the same study population.

This study aims to compare the prospective associations
between adherence to four established Mediterranean diet indices
and breast cancer risk in adult females in the Framingham
Offspring Study (FOS). The four indices represent two different
approaches to measuring adherence to the diet pattern: (a) scores
based on the population-specific median intakes (i.e., MDS and
aMED); and (b) scores based on compliance with recommended
intakes (i.e., MeDiet and MSDP). In addition, since diet may
act differently in preventing certain cancer subtypes (e.g., based
on hormone receptor status) (22), we also propose to assess the
associations between Mediterranean diet adherence and breast
cancer risk stratified by hormone receptor status.

2. Material and methods

2.1. Study sample

In 1971, the Framingham Offspring Study enrolled the
offspring and spouses of the original cohort members who had
been followed for approximately four decades (23). Participants
were asked to complete questionnaires on medical, demographic,
diet, and other lifestyle information approximately every 4 years.
The first complete food frequency questionnaire (FFQ) was
administered at examination visit 5 (1991-1995), and that visit will
serve as the baseline for these analyses; follow-up will continue
until 2013, the last year with available cancer follow-up data.
From a total of 3,712 subjects attending the fifth examination, we
excluded the following subjects: (a) missing or invalid FFQ data
(e.g., reported energy intakes <600 kcal/d or >4,000 kcal/d) or
12 blank food items or missing data on calorie contribution from
each food item (n = 362); (b) history of prevalent cancer, except
non-melanoma skin cancer cases (n = 147); (c) age <30 years
(n = 4); (d) males (n = 1,496); and (e) missing covariates (n =
124). For analyses of estrogen or progesterone receptor (ER/PR)
positive breast cancer cases, we additionally excluded 12 cases
missing information on hormone receptor status (study sample
used = 1,567). The Institutional Review Board of Boston University
School of Medicine approved the Framingham Offspring Study
data collection and these analyses (Protocols H-32086 and H-
32132).

2.2. Assessment of adherence to the
Mediterranean diet

Dietary data were collected via the Harvard 126-food item
semiquantitative FFQ (24). The FFQ consists of a list of foods
with standardized serving sizes and assesses the frequency of
consumption during the previous year, ranging from “never or
<one serving/month” to” >six servings/day.” Separate questions
allowed subjects to add up to 3 additional foods usually consumed
regularly that were not listed on the FFQ, as well as types of cold
breakfast cereals and cooking oils usually used.
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TABLE 1 Standards for maximum scores on each Mediterranean diet index.

Standards for maximum scores

Median intake-based scores Pyramid-based scores
Individual components MDS index? aMED index? MeDiet index? MSDP index¢
Vegetables except potatoes >median (svgs/day)! >median (svgs/day)! >33 svgs/week® 6 svgs /day
Potatoes — — >4 svgs/week® 3 svgs/week
Legumes >median (svgs/ day)d >median (svgs/ day)? >6 svgs/week® —

Olives, pulses, and nuts — — 4 svgs/week

Fruits, fruit juice and nuts >median (svgs/day)? — — —
Fruits and fruit juice — >median (svgs/day)! >22 svgs/week® 3 svgs/day
Nuts — >median (svgs/ day)d — —
Cereals >median (svgs/day)? — — —
Wholegrains — >median (svgs/ day)? — 8 svgs/day

Wholegrains, nuts, and seeds — >32 svgs/week® —

Dairy (low and full fat) <median (svgs/day)* — — 2 svgs/day
Full fat dairy products — — <10 svgs/week —
Fish >median (svgs/ day)d >median (svgs/ day)d >6 svgs/week® 6 svgs/week
Meat and meat products <median (svgs/day)? — — —
Red and processed meats — <median (svgs/day)“l — 1 svg/week

Red, processed meats and eggs — <1 svgs/week —

Poultry — — <3 svgs/week® 4 svgs/week
Eggs — — — 3 svgs/week
Alcohol (grams/day) 5-25 grams/day (females) 5-15 grams/day — —
Alcoholic beverages — — 1-<3 svgs/day’ —
Wine — — — 1.5 svgs/day (females)
Mono:saturated fat ratio >median ratio — — —
Mono:saturated fat ratio® — >median ratio — —
(energy-adj)

Olive oil — — Olive oil only™ Olive oil only'
Sweets — — — 3 svgs/week
Total score 0-9 0-9 0-55 0-100

MDS, Mediterranean Diet Score index by Trichopoulou et al., (17); aMED, Alternate Mediterranean Diet index by Fung et al., (18); MeDiet, Mediterranean Diet index by Panagiotakos et al.,
(20); MSDP, Mediterranean-Style Dietary Pattern index by Rumawas et al., (21); svgs, servings; mono, monounsaturated, and adj, adjusted.

1 point for meeting criteria, 0 points if not.

bStandards reflect recommended intakes. Each component has 6 recommended intake categories (22), except the olive oil component, which has 3. The scoring for each component ranges from
0to5.

¢Standards reflect reccommended intakes. Each of the 13 food items except olive oil was scored from 0 to 10 depending on the degree of correspondence with the % of the recommended intake
of that item. Then a penalty for overconsumption and a weighting factor for consumption of non-Mediterranean foods were applied.

dServings were as listed on the food-frequency questionnaire.

€Servings were adjusted based on the food guide pyramid recommendations (5).

f1 serving of alcoholic beverage consists of 12 % ethanol.

8Dietary fats were adjusted for energy intake by adding residuals from linear regression models to overall median intake values.

hQlive oil consumption was classified into three categories: a) exclusive use of olive oil (score 5), use of olive oil along with other vegetable oils (score 3), or no olive oil (score 0).

"Exclusive use of olive oil score was given a score of 10 while the use of olive oil plus other vegetable oils received a score of 5, and no use of olive oil, a score of 0.

The MDS and aMED indices were chosen for these analyses as  The food items included in each score component are shown in
two of the most frequently used instruments that rely on median ~ Supplementary Table S1, while the scoring standards and points to
food intakes in the population. The MeDiet and MSDP indices  be assigned for these four indices are shown in Table 1. The serving
were chosen as two indices reflecting adherence to recommended  sizes used for dietary variables in the two earlier indices (aMED and
intakes of relevant foods from the Mediterranean diet pyramid. = MDS) are taken from the FFQ. Serving sizes for the components
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in the MeDiet index were adjusted to match the recommended
servings of the food guide pyramid (19).

2.2.1. Mediterranean Diet Score index (MDS)

The nine components of the MDS index (17), as shown in
Table 1, are each assigned a value of 0 or 1. For the intake of
vegetables (except potatoes), legumes, fruit, fruit juice and nuts,
cereals, and fish, those participants whose intake was at or above
the sex-specific median received a score of 1 (vs. a score of 0 for
intakes below the median). Similarly, having a monounsaturated to
saturated fat ratio >median (vs. <median) was also given a score of
1. For components believed to be less healthy (i.e., dairy and meat),
subjects whose intake was below the median were assigned a value
of 1 (vs. a score of 0 for >median). Subjects (females only in this
study) with alcohol intake of 5-25 g/day were assigned a value of 1,
while both lower and higher intakes received a score of 0. The total
MDS ranged from 0 to 9.

2.2.2. Alternate Mediterranean Diet index (aMED)

The aMED index (18) is a modified version of the MDS index
(17). The aMED index separates fruits and nuts into two groups,
eliminates the dairy group, includes whole grains instead of all
cereals, and replaces all meats with red and processed meats.
Further, alcohol intake for women was limited to 5-15 g/day to
receive 1 point. Finally, the monounsaturated to saturated fat ratio
was adjusted for energy using the residual method. The possible
scores on the aMED index ranged from 0 to 9.

2.2.3 Mediterranean Diet index (MeDiet)

The MeDiet score created by Panagiotakos et al. (20) ranges
from 0 to 55 points, with up to 5 points being given for each
of 11 items. Foods derived from mixed dishes and foods listed
by participants were also assigned to the appropriate component
scores. Scores of 0 to 5 were assigned to intakes of each healthy
food component. For example, intakes of fruit (and fruit juice) in
the following categories of weekly intake were given scores of 0-5,
respectively: never, 1-4, 5-8, 9-15, 16-21, and >22 servings/week.
Similar scoring was used for intakes of the following: 1) vegetables
(except potatoes), 2) potatoes, 3) legumes, 4) wholegrain, nuts, and
seeds, and 5) fish. Scores were reversed for full-fat dairy products,
poultry, and red and processed meats (including eggs). For alcohol
consumption, a score of 5 was assigned to drinkers with intakes of
1-<3 servings (each serving is equal to 12 g of ethanol) per day
and a score of 0 for <1 or >3 servings per day. We modified
the original scoring of olive oil due to the absence of information
about the quantity of oil consumed on our FFQ. We classified olive
oil consumption into three categories: a) exclusive use of olive oil
(score 5), use of olive oil along with other vegetable oils (score 3),
or no olive oil (score 0).

2.2.4 Mediterranean-Style Dietary Pattern index
(MSDP)

The fourth index used in this study is the MSDP (21) which
is based on the recommended intake of 13 foods shown in a
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traditional Mediterranean diet pyramid (Table 1). All items on the
FFQ, including mixed dishes, were evaluated to determine whether
the item fits into one of the score components. Some foods (e.g.,
yams) were not traditionally consumed in Mediterranean regions.
Still, if other similar foods (e.g., other potatoes) were consumed,
the item (yams) was added to the score component (potatoes).
Each of the 13 components except olive oil was scored from 0 to
10 depending on the degree of correspondence with the percent
of the recommended intake of that item (e.g., consuming 40% of
the recommended servings would result in a score of 4). Exceeding
the recommendations resulted in a lower score proportional to the
degree of overconsumption (e.g., exceeding the recommendation
by 40% would result in a score of 6). A negative score due to more
than 100% overconsumption was given a score of zero. Exclusive
use of olive oil was given a score of 10, while the use of olive oil plus
other vegetable oils received a score of 5, and no use of olive oil a
score of 0. The sum of the 13 component scores was standardized
on a scale of 0-100 and weighted (from 0 to 1) by the proportion
of energy intake attributed to the consumption of foods included in
the Mediterranean diet pyramid (e.g., if 45% of energy was derived
from foods not included in the Mediterranean diet pyramid, the
calculated weighting factor would be 0.55). The final total MSDP
score has a theoretical range of 0-100.

2.3. Cancer outcomes

Framingham investigators used standardized protocols (25)
to detect cancer cases using information from self-reports,
surveillance of local hospital admissions, and searches of the
state health departments death records and the National Death
Index. The cancer diagnosis and ER/PR status for cases were
validated based on information from pathology reports and, in
a few instances, from medical records. Breast cancer cases were
defined using the International Classification of Diseases (ICD-
0O-3). In total, there were 87 first primary-site malignant breast
cancer cases.

2.4. Potential confounders

We assessed several potential confounders at baseline,
including age, cigarette smoking, alcohol intake, supplement use,
energy intake, parity, body mass index (BMI), waist-to-height
ratio (WHIR), and type 2 diabetes mellitus (T2DM). We also used
information from all the examination visits to determine age at
menopause and estrogen use. Self-reported information about
education level was derived from the first exam in FOS and used
to classify participants as having a college or graduate degree vs.
less. An index for moderate and vigorous physical activity (in
metabolic equivalents per hour) was created previously based on
self-reported data (26) at every exam except exam 6. Because the
index distribution at baseline exam (exam 5) was highly skewed to
the right compared to the rest exams, we used the mean of physical
activity index from exams 4 and 7. Participants were diagnosed
with T2DM at each exam based on standardized Framingham
criteria as described previously (27). For baseline anthropometric
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measures, a standard beam balance (with a stadiometer) was used
to measure weight and height with the subject dressed in a hospital
gown with no shoes. Because of the natural height loss occurring
after age 60, we calculated the average of all height measures for
adults up to age 60. Waist circumference was measured at the level
of the umbilicus during mid-respiration to the nearest 0.25 inch
with a cloth tape. Waist circumference was divided by average
height measure to calculate WHtR (with missing values at exam 5
substituted using the mean values from exams 4 and 6).

Postmenopausal women were asked to report their age at
menopause directly. In addition, at each exam, women were asked
about their current menopausal status and estrogen use. For those
missing self-reported age at menopause, we took the age at the exam
at which a woman first reported being postmenopausal to be her age
at menopause. Otherwise, we took the age at which a woman first
reported using estrogen (typically for perimenopausal symptoms)
and added 1 year to estimate the age at menopause. For non-
estrogen users aged <50 years old, we substituted age at menopause
with the median age of natural menopause in this cohort (50 years).
Lastly, for non-estrogen users who were >50 years old, we took the
age at menopause to be the age at the exam at which a woman last
reported being premenopausal plus 1 year.

Estrogen use was treated as a time-dependent variable and
classified as never or ever use (prior to, at baseline, or during the
follow-up period). Women with missing information on estrogen
use who reported no use at any other exams were treated as
non-users for the missing exams.

2.5. Statistical analysis

Descriptive statistics were used to describe the total score
distribution of each index. Pearson correlation coefficients were
computed to compare total scores on the four Mediterranean
diet indices. As previously done (17), we classified total scores of
both MDS and aMED indices to reflect low, moderate, and high
categories of adherence to the Mediterranean diet as follows: 0-
3, 4-5, and 6-9 points, respectively. Sensitivity analyses and the
score distributions were used to determine the cut-offt values for
classifying the final two indices into three categories: MeDiet index
(low: 14-28; moderate: 29-34; and high: 35-53) and MSDP index
(low: 4.0-19.0; moderate: 19.1-25.0; high: 25.1-50.9). The lowest
category was used as the referent group for all analyses.
included total
postmenopausal cases, and any ER or PR positive cases (including
ER-/PR+, ER+/PR-, ER+/PR+). Incidence rates for breast cancer
were computed in each diet score category using person-years

Breast cancer outcomes incident cases,

of follow-up calculated from exam 5 to the first of the following
events: occurrence of incident breast cancer, loss of follow-up,
date of the last exam, or date of death. Survival analyses were
conducted to examine the association between adherence to each
of the four Mediterranean diet indices and breast cancer risk. Cox
proportional hazards regression models were used to estimate
adjusted hazard ratios (HRs) and 95% ClIs for the occurrence of
first breast cancer cases. Tests for linear trends across categories of
scores were performed using the category-specific medians in each
score category.
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The basic model for each index was adjusted for age (in years)
and total calorie intake; except MSDP adjusted for age only because
MSDP score accounts for calorie intake in its scoring system. Next,
we examined a list of potential confounders and evaluated how
they altered the basic model-parameter estimates by approximately
10% or more. We adjusted for WHItR, cigarette smoking (pack
years), physical activity (METs/hour), diabetes status, supplement
use, and age at menopause. Factors that were found not to confound
the association between adherence to the Mediterranean diet and
breast cancer risk were not included in the final model, i.e., alcohol
intake and educational level. Lastly, highly collinear variables were
not included together in the model, i.e., age at menopause and
estrogen use. Finally, the proportional hazards assumptions were
tested by using an interaction term with time in the models. No
violations of the assumption were found. Statistical analyses were
conducted using SAS statistical software (version 9.4; SAS Institute,
Cary, NC).

3. Results

3.1. Descriptive information

All Mediterranean diet scores were normally distributed in the
FOS cohort. The mean (standard deviation, SD) scores for the MDS
and aMED were very similar, 4.2 (1.7) and 4.3 (1.9) out of the
possible maximum score of 9, respectively. Mean scores (SD) for
MeDiet and MSDP scores were 32.1 (5.2) out of a hypothetical
maximum possible score of 55 and 23.4 (7.2) out of a hypothetical
maximum score of 100, respectively.

Table 2 shows the baseline characteristics of the participants
according to the score categories for each Mediterranean diet index.
Overall, women in the highest score category for all indices were
older, more frequently had a high school degree or above, were
more active, and smoked fewer cigarettes compared with those
in the lowest category. Further, women with higher adherence to
the Mediterranean diet (higher score categories) consumed more
calories and were more likely to take dietary supplements.

Correlations between the four Mediterranean diet scores are
shown in Supplementary Table S2. The strongest correlation was
between the two scores based on the population-specific median
intakes, MDS and aMED (r = 0.83). There were moderate to
high correlations between MeDiet and all other scores (r =
0.57-0.61). Lastly, the MSDP score was only weakly correlated
with MDS (r = 0.39) and moderately correlated with aMED
(r=0.54).

3.2. Adherence to the Mediterranean diet
and breast cancer

Table 3 shows the associations between two median intake-
based indices and two pyramid-based Mediterranean diet scores
with the risk of breast cancer. Those in the high pyramid-
based score categories of MeDiet and MSDP indices had the
lowest cancer incidence rate, 2.42 and 2.46 per 1,000 person-
years of follow-up, respectively. After adjusting for multiple
confounders, women in the highest (vs. lowest) category
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TABLE 2 Baseline characteristics® across the score categories of Mediterranean diet indices in women of the Framingham Offspring Study.

Mediterranean Age BMI Waist (cm)  Cigarettes Calorie Supplement  Physical Age at Estrogen Prevalent >High
diet indices (years)  (kg/m?) (pack intake use, % activity menopause?  users®, %  diabetes,  school, %

years) (kcals/day) (METs/hour) (years) %

Median intake-based scores

MDS index

Low (0-3) 52.2(9.4) 26.9 (5.8) 87.6 (15.2) 15.4 (1.0) 1,614.8 (534.6) 27.0 13.5(7.7) 47.9 (5.8) 45.1 43 20.4
Moderate (4-5) 54.7 (9.6) 26.7 (5.5) 87.1(14.7) 12.2 (0.8) 1,766.2 (592.1) 33.1 143 (7.3) 48.0 (6.3) 47.0 5.4 29.6
High (6-9) 56.4 (9.0) 25.9 (4.8) 86.0 (13.4) 9.6 (0.9) 1,929.1 (532.7) 39.7 15.2(7.3) 48.5(5.3) 48.7 4.6 30.8
aMED index

Low (0-3) 53.1(9.5) 26.9 (5.9) 87.6 (15.5) 16.4 (1.1) 1,566.6 (549.9) 27.1 13.8 (7.9) 47.8 (5.9) 445 5.1 20.1
Moderate (4-5) 54.2(9.7) 26.6 (5.2) 87.0 (13.9) 11.6 (0.8) 1,746.3 (538.9) 322 13.7 (7.0) 48.1(6.2) 474 43 28.4
High (6-9) 55.5(9.2) 262 (5.1) 86.2 (14.3) 9.6 (0.8) 1,993.3 (547.5) 39.8 15.4 (7.5) 48.5 (5.6) 48.7 5.1 32.6

Pyramid-based scores

MeDiet index

Low (15-28) 53.3(9.8) 27.2 (5.6) 88.9 (15.6) 17.2(1.3) 1,597.8 (601.5) 27.4 13.7(8.2) 47.9(5.7) 41.0 4.0 21.5
Moderate (29-34) 54.2 (9.5) 26.7 (5.5) 87.3 (14.4) 13.6 (0.8) 1,726.7 (545.3) 31.4 139 (7.1) 47.7 (6.3) 48.4 6.3 24.9
High (35-51) 54.8 (9.2) 25.9(5.2) 85.2 (13.9) 8.8 (0.7) 1,901.6 (540.7) 37.9 15.0 (7.4) 48.8 (5.4) 48.9 3.4 329
MSDP index

Low (4.0-19.0) 52.8 (9.4) 26.5 (5.7) 87.0 (14.9) 17.7 (1.2) 1,591.6 (595.3) 25.8 13.4(7.9) 47.7 (5.9) 46.4 5.2 21.3
Moderate (19.1-25.0) 54.6 (9.9) 26.8 (5.3) 87.6 (14.6) 12.7 (0.9) 1,777.6 (569.9) 27.9 14.1(7.2) 48.1(5.7) 29 42 25.7
High (25.1-50.9) 54.8 (9.2) 26.5 (5.4) 86.6 (14.4) 9.6 (0.7) 1,836.1 (529.4) 40.7 14.8 (7.3) 48.3 (6.1) 49.8 5.1 30.9

BMI, body mass index; SE, standard error; METs, metabolic equivalents; MDS, Mediterranean Diet Score index by Trichopoulou et al., (17); aMED, Alternate Mediterranean Diet index by Fung et al., (18); MeDiet, Mediterranean Diet index by Panagiotakos et al.,
(20); MSDP, Mediterranean-Style Dietary Pattern index by Rumawas et al., (21).

*Values for continuous variables are arithmetic means (standard deviation) except for cigarette smoking which is a geometric mean.

®Including natural and non-natural menopause.

Percent of women ever using estrogen from exams 1 to 8, of which 256 were missing information. Sample used is 1,323 women.
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TABLE 3 Hazard ratios for breast cancer associated with Mediterranean diet indices.

Mediterranean diet indices Cases Rate per 1,000 PY  Age and calorie-adjusted Multivariable HR
HR (95% CI)? (95% CI)®
Median intake-based scores
MDS index
Low (0-3) 578 32 3.15 1 (Ref) 1 (Ref)
Moderate (4-5) 631 31 2.80 0.83 (0.51-1.38) 0.85 (0.51-1.41)
High (6-9) 370 24 3.75 1.08 (0.62-1.87) 1.15 (0.65-2.01)
P-trend® 0.70 0.55
aMED index
Low (0-3) 568 33 3.33 1 (Ref) 1 (Ref)
Moderate (4-5) 581 30 2.94 0.91 (0.68-2.21) 0.89 (0.53-1.47)
High (6-9) 430 24 3.19 0.93 (0.67-1.29) 0.91 (0.51-1.60)
P-trend® 0.58 0.71
Pyramid-based scores
MeDiet index
Low (15-28) 401 30 4.31 1 (Ref) 1 (Ref)
Moderate (29-34) 682 36 3.01 0.67 (0.41-1.09) 0.68 (0.42-1.12)
High (35-51) 496 21 2.42 0.52 (0.29-0.91) 0.55 (0.31-0.97)
P-trend® 0.02 0.04
MSDP index
Low (4.0-19.0) 442 32 4.21 1 (Ref) 1 (Ref)
Moderate (19.1-25.0) 506 27 3.05 0.69 (0.50-0.94) 0.71 (0.43-1.19)
High (25.1-50.9) 631 28 2.50 0.71 (0.53-0.95) 0.56 (0.33-0.94)
P-trend® 0.03 0.03

PY, person-years; MDS, Mediterranean Diet Score index by Trichopoulou et al., (17); aMED, Alternate Mediterranean Diet index by Fung et al., (18); MeDiet, Mediterranean Diet index by
Panagiotakos et al., (20); MSDP, Mediterranean-Style Dietary Pattern index by Rumawas et al., (21).

#Model adjusted for age and total calorie intake. MSDP score analysis was adjusted for age only.

YModel was additionally adjusted for waist-to-height ratio, cigarette smoking (pack-years), physical activity, diabetes status, supplement use, and age at menopause.

Derived from the test for linear trend, modeling the median value for each category as a continuous variable. Two-sided P-values <0.05 indicated statistical significance.

of these two pyramid-based scores had approximately 45%
lower breast cancer risks, both with statistically significant
We found no association between median intake-

(i.e., MDS and aMED scores)

trends.
based
cancer risk.

scores and Dbreast

We further analyzed the associations between the four
Mediterranean diet indices and breast cancer risk among
postmenopausal women only (Table4). Due to insufficient
power, we could not analyze premenopausal breast cancer
separately, as there were only 6 cases of premenopausal breast

cancer. Both pyramid-based scores (MeDiet and MSDP
indices) were inversely associated with postmenopausal
breast cancer risk; however, the results did not reach

statistical significance. Once again, neither the MDS nor the
aMED scores were associated with postmenopausal breast
cancer risk.

Lastly, we examined the prospective associations between
the four Mediterranean diet indices and the risk of any
ER/PR positive breast cancer (Table5). The highest MeDiet
score category was strongly and inversely associated with
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any positive ER/PR breast cancer risk compared with the
lowest category (HR: 0.45, 95% CIL: 0.22-0.90). Results for
the MSDP were weaker. We observed no association between
the median intake-based scores and any ER/PR positive breast
cancer risk.

4. Discussion

In this prospective cohort study of middle-aged women in
a non-Mediterranean population, we examined the association
between four different Mediterranean diet indices and breast cancer
risk over approximately 18 years of follow-up. These four indices
represent two different approaches to measuring adherence to a
Mediterranean diet: (a) scores based on the population-specific
median intakes of Mediterranean diet-related foods (i.e., aMED
and MDS indices), and (b) scores based on compliance with
recommended intakes of relevant foods from the Mediterranean
diet pyramid (i.e., MeDiet and MSDP indices). We found that
higher adherence to MeDiet and MSDP indices was protectively
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TABLE 4 Hazard ratios for postmenopausal breast cancer associated with Mediterranean diet indices.

Mediterranean diet indices Cases Rate per 1,000 PY  Age and calorie-adjusted Multivariable HR
HR (95% CI)? (95% CI)®
Median intake-based scores
MDS index
Low (0-3) 578 29 2.85 1 (Ref) 1 (Ref)
Moderate (4-5) 631 28 2.52 0.80 (0.47-1.36) 0.81 (0.48-1.38)
High (6-9) 370 24 3.75 1.13 (0.64-1.98) 1.18 (0.66-2.09)
P-trend® 0.55 0.46
aMED index
Low (0-3) 568 29 2.92 1 (Ref) 1 (Ref)
Moderate (4-5) 581 28 2.74 1.04 (0.59-1.84) 0.92 (0.54-1.57)
High (6-9) 430 24 3.19 0.93 (0.53-1.61) 0.99 (0.55-1.77)
P-trend® 0.86 0.96
Pyramid-based scores
MeDiet index
Low (15-28) 401 27 3.86 1 (Ref) 1 (Ref)
Moderate (29-34) 682 33 2.75 0.67 (0.40-1.12) 0.68 (0.41-1.15)
High (35-51) 496 21 2.42 0.56 (0.32-1.01) 0.58 (0.32-1.06)
P-trend® 0.05 0.07
MSDP index
Low (4.0-19.0) 442 28 3.67 1 (Ref) 1 (Ref)
Moderate (19.1-25.0) 506 26 2.94 0.77 (0.45-1.31) 0.76 (0.45-1.31)
High (25.1-50.9) 631 27 2.41 0.62 (0.36-1.05) 0.59 (0.34-1.02)
P-trend® 0.08 0.06

PY, person-years, MDS, Mediterranean Diet Score index by Trichopoulou et al., (17); aMED, Alternate Mediterranean Diet index by Fung et al., (18); MeDiet, Mediterranean Diet index by
Panagiotakos et al., (20); MSDP, Mediterranean-Style Dietary Pattern index by Rumawas et al., (21).

#Model adjusted for age and total calorie intake. MSDP score analysis was adjusted for age only.

YModel was additionally adjusted for waist-to-height ratio, cigarette smoking (pack-years), physical activity, diabetes status, supplement use, and age at menopause.

Derived from the test for linear trend, modeling the median value for each category as a continuous variable. Two-sided P-values <0.05 indicated statistical significance.

associated with incident breast cancer. The risk estimates from
the pyramid-based scores were associated with more than a 40%
reduction in risk of total breast cancer as well as postmenopausal
breast cancer. Results for hormone-receptor positive breast cancer
were similar for MeDiet. Neither of the scores based on the
population-specific median intakes (i.e., MDS and aMED indices)
was associated with incident breast cancer risk.

Previous studies conducted in non-Mediterranean populations
have frequently used Mediterranean diet scores based on median
intakes when examining breast cancer risk. Studies using the MDS
or aMED indices showed no association between adherence to
the Mediterranean diet and breast cancer risk (10, 11, 14, 28-32),
results that are consistent with the present study. Although the
original authors who developed the aMED index in the Nurses’
Health Study found that higher scores were protective against
several inflammatory biomarkers (18) and cardiometabolic diseases
(33)—mechanisms that may be linked with the development of
cancer—the scores were not predictive of postmenopausal breast
cancer risk (14). However, they did find that aMED scores
were inversely associated with ER- breast cancer risk among
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postmenopausal women in a non-linear fashion. Contrary to our
results, analyses in two cohort studies in US women showed
that higher aMED scores (without alcohol in the index) were
associated with somehow lower total risks of ER+ (12) and
postmenopausal breast cancer (9, 10) but these results did not reach
statistical significance. The European Prospective Investigation
into Cancer and Nutrition (EPIC) cohort study, which recruited
335,062 women from a mix of the Mediterranean and non-
Mediterranean countries, showed that higher scores on a modified
version of aMED index (excluding alcohol and some food groups)
were associated with lower risk of postmenopausal but not
premenopausal breast cancer (13).

We are the first to report on associations between pyramid-
based scores (i.e., MSDP and MeDiet indices) and breast cancer
risk in a non-Mediterranean population. We found that both of
these two indices were inversely associated with breast cancer
risk in this mainly American Caucasian population. The evidence
using these scores to predict breast cancer risk in Mediterranean
populations has been limited, and results were inconsistent,
possibly due to the limitations associated with a case-control
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TABLE 5 Hazard ratios for any ER/PR positive breast cancer associated with Mediterranean diet indices.

Mediterranean diet indices Cases Rate per 1 PY  Age and calorie-adjusted Multivariable HR
HR (95% CI)? (95% CI)P
Median intake-based scores
MDS index
Low (0-3) 575 25 2.46 1 (Ref) 1 (Ref)
Moderate (4-5) 624 21 1.90 0.73 (0.40-1.31) 0.75 (0.41-1.35)
High (6-9) 368 18 2.81 1.04 (0.55-1.96) 1.13 (0.59-2.16)
P-trend® 0.78 0.60
aMED index
Low (0-3) 565 26 2.62 1 (Ref) 1 (Ref)
Moderate (4-5) 575 22 2.16 1.37 (0.71-2.63) 0.83 (0.46-1.49)
High (6-9) 427 16 2.12 1.08 (0.56-2.08) 0.77 (0.39-1.50)
P-trend® 0.33 0.42
Pyramid-based scores
MeDiet index
Low (15-28) 398 23 3.29 1 (Ref) 1 (Ref)
Moderate (29-34) 675 28 235 0.68 (0.39-1.19) 0.70 (0.40-1.22)
High (35-51) 494 13 1.49 0.42 (0.21-0.83) 0.45 (0.22-0.90)
P-trend® 0.01 0.02
MSDP index
Low (4.0-19.0) 438 24 3.15 1 (Ref) 1 (Ref)
Moderate (19.1-25.0) 502 19 2.15 0.67 (0.36-1.22) 0.67 (0.37-1.23)
High (25.1-50.9) 627 21 1.88 0.57 (0.32-1.03) 0.57 (0.31-1.04)
P-trend® 0.07 0.07

ER/PR, estrogen receptor or progesterone receptor; PY, person-years; MDS, Mediterranean Diet Score by Trichopoulou et al., (17); aMED, Alternate Mediterranean Score by Fung et al., (18);
MeDiet, Mediterranean Diet Score by Panagiotakos et al., (20); and MSDP, Mediterranean-Style Dietary Pattern Score by Rumawas et al., (21).

*Model adjusted for age and total calorie intake. MSDP score analysis was adjusted for age only.

>Model was additionally adjusted for waist-to-height ratio, cigarette smoking (pack-years), physical activity, diabetes status, supplement use, and age at menopause.
Derived from the test for linear trend, modeling the median value for each category as a continuous variable. Two-sided P-values <0.05 indicated statistical significance.

design (34, 35). Nevertheless, previous findings showed that
higher adherence to these pyramid-based scores might prevent the
development of metabolic dysfunction and, as a result, prevent
the development of obesity-related cancers, including breast
cancer. Previous prospective cohort analysis in the Framingham
Study showed that individuals without prevalent diabetes who
had higher MSDP scores had less metabolic dysfunction, as
evidenced by a lower waist circumference, lower fasting plasma
glucose, lower triglyceride levels, less insulin resistance, and
higher HDL cholesterol levels, compared with those who had
lower scores (36). Further, an analysis among US adults from
the NHANES study showed that higher MeDiet scores were
associated with lower adiposity measures, inflammatory markers,
and glucose and lipoprotein a levels after multivariable adjustment
(37). Moreover, the present study found that higher MeDiet
scores were strongly and inversely associated with any hormone
receptor (ER/PR) positive breast cancer risk. This could be due
to effects of certain bioactive compounds (e.g., anti-oxidants and
flavonoids) in the Mediterranean diet that have been shown to
reduce endogenous estrogen production and increase sex-hormone
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binding globulin levels, thus decreasing circulating levels of
estrogen (13).

Methodological differences in the composition of different
indices may explain the inconsistency between studies with
respect to the cancer-protective effects of the Mediterranean diet
(15). Specifically, it may be that scores based on median cut-
off values may perform differently in Mediterranean and non-
Mediterranean populations as they consume different amounts of
traditional Mediterranean-style foods. In contrast, scores that are
based on recommended intakes of relevant foods may be more
appropriately applied in different non-Mediterranean populations
because the standards for assigning points do not change based
on the intake distributions. Further, the foods considered to be
Mediterranean foods differ between indices (e.g., potatoes are
excluded from the MDS and aMED indices and dairy from the
aMED). There are other differences between these indices as
well. The MSDP score has a penalty for overconsumption and
takes into account the consumption of non-Mediterranean foods
of a similar type. However, these features make the score more
computationally complex. Comparing the MeDiet and MSDP
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indices, the overconsumption penalty and the weighting strategies
used to account for total energy intake in the MSDP index may
explain the generally lower adherence (the maximum observed
score in this study was 50.9 out of a possible maximum of 100
points) to the Mediterranean diet pattern with this index. In
contrast, the MeDiet index applied in the same study population
generally produced much higher adherence scores (a maximum
of 51 out of a possible maximum of 55 points). Moreover, the
standard for assigning the maximum points for each MSDP
component score was based on a single recommended intake value,
making it difficult for most individuals to be fully adherent to
each component.

A systematic review comparing 28 Mediterranean diet indices
concluded that the MeDiet index was one of the very few scores
that provided strong construct and content validity, internal
consistency, and evidence for an association with biological
markers. The MSDP and MDS indices did not perform as well
on these psychometric properties, and the aMED index was
not evaluated (36). A more recent review comparing 8 different
Mediterranean diet indices concluded that those indices whose
scoring scheme was based on a single threshold (e.g., MDS), thus
yielding a dichotomous score for each food item, provided less
accurate measures of adherence to the diet pattern compared
with others that assign scores proportional to the degree of
concordance. While each index has strengths and limitations, the
current findings suggest that the scores based on population-
specific median intakes may not be as appropriate as the pyramid-
based scores for measuring adherence to the Mediterranean diet in
a non-Mediterranean population.

Some of the strengths of this study include the direct
comparison of four established Mediterranean diet indices within
the same non-Mediterranean study population to predict the
same outcome. We used a prospective design and a thorough
adjudication of cancer cases using standardized procedures. In
addition, confounding effects were minimized as much as possible,
given the careful, systematic collection of various variables. For
example, adiposity, an important risk factor for breast cancer, was
directly measured rather than self-reported. Nonetheless, residual
confounding is always a possibility.

There are several limitations in this study as well. The dietary
information was derived from FFQs, which have been associated
with measurement errors. However, earlier validation studies of
the Harvard FFQ showed that many of the foods included in
these indices were adequately captured on the FFQ based on
correlations with diet records (38). Another important limitation
of this study is the limited power associated with small numbers
of subjects, especially for the analysis of breast cancer subtypes.
Further, although the use of oral contraceptives is a traditional
breast cancer risk factor; these data were not available in this
dataset. Lastly, the FOS cohort consists of exclusively Caucasian
individuals, and therefore more studies are needed to confirm these
results in other non-Mediterranean populations.

5. Conclusion

In this prospective study of middle-aged American Caucasian
women, we found that higher adherence to the Mediterranean
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diet, as assessed by scores based on compliance with recommended
intakes of relevant foods (MeDiet and MSDP indices) from the
Mediterranean diet pyramid, was associated with a lower risk of
incident breast cancer. This was not the case for scores based on
population-specific median intakes of Mediterranean diet-related
foods (MDS and aMED indices). In conclusion, our results suggest
that the methodology and the composition of Mediterranean diet
indices influence their ability to assess conformity to this specific
diet pattern and predict disease risk. Specifically, indices based on
median intakes may not predict cancer risk as well as scores based
on traditional Mediterranean diet pyramid recommendations when
used in non-Mediterranean populations. The heterogeneity in these
indices and their use in different study populations may explain
some of the differences in results between existing studies of the
Mediterranean diet pattern and risk of breast cancer and other
chronic diseases.
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