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Abstract
The alternate Mediterranean diet (aMED) score is an adaptation of the original Mediterranean diet score. Raw (aMED) and energy-standardised
(aMED-e) versions have been used. How the diet scores and their association with health outcomes differ between the two versions is unclear.
We examined differences in participants’ total and component scores and compared the association of aMED and aMED-e with all-cause, CVD
and cancer mortality. As part of the Multiethnic Cohort, 193 527 men and women aged 45–75 years from Hawaii and Los Angeles completed a
baseline FFQ and were followed up for 13–18 years. The association of aMED and aMED-e with mortality was examined using Cox’s
regression, with adjustment for total energy intake. The correlation between aMED and aMED-e total scores was lower among people with
higher BMI. Participants who were older, leaner, more educated and consumed less energy scored higher on aMED-e components compared
with aMED, except for the red and processed meat and alcohol components. Men reporting more physical activity scored lower on
most aMED-e components compared with aMED, whereas the opposite was observed for the meat component. Higher scores of both aMED
and aMED-e were associated with lower risk of all-cause, CVD and cancer mortality. Although individuals may score differently with
aMED and aMED-e, both scores show similar reductions in mortality risk for persons scoring high on the index scale. Either version can be
used in studies of diet and mortality. Comparisons can be performed across studies using different versions of the score.
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The traditional Mediterranean dietary pattern is characterised
by a generous intake of vegetables, legumes, fruits, nuts, cereals
and fish, as well as a high ratio of MUFA:SFA(1). Other
characteristics include moderate intakes of alcohol and dairy
products mostly as yogurt and cheese, and low intakes of red or
processed meats and sweets. The use of dietary scores stems
from the idea that the overall dietary pattern may be more
important for health and longevity than the individual nutri-
tional or food components. The Mediterranean dietary score
(MDS) was first introduced in 1995 on the basis of eight food/
beverage components(1) and subsequently refined(2) in Greece.
Investigators in Europe have extensively studied this and other
variations of the Mediterranean diet score, which differed in the
overall scale (ref: Trichopolou 2, Estruch, Papagiotakos) and in
their measurement of individual dietary components such as
assessment of olive oil intake as a separate item or, alter-
natively, the use of MUFA:SFA (ref: Estruch, Trichopolou 2).
Researchers in the USA have subsequently modified the

traditional MDS to reflect eating patterns in the USA(3). This
alternate Mediterranean diet score (aMED), with scores ranging
from 0 to 9, was created to accommodate researchers studying
the association of diet with the risk of chronic disease in North
American populations.

Both MDS and aMED have been consistently linked with a
reduction in the incidence of CVD, stroke, cancer,
diabetes and with a reduced risk of all-cause, CVD and cancer
mortality(4–19). Adjustment for estimated energy intake is usually
performed in epidemiological studies to control confounding
and reduce extraneous variation, and it can be achieved in a
number of ways(20). The MDS standardises the sex-specific
energy intake levels and adjusts for total energy intake. How-
ever, energy standardisation has been inconsistent for the
aMED. Some studies(3,6–9,14–19) used raw component intakes to
compute the total score and subsequently adjusted the models
for energy intake, and others(10–12) used energy adjustment
and energy-standardised component intakes in the computation

Abbreviations: aMED, alternate Mediterranean diet score; aMED-e, energy-standardised alternate Mediterranean diet score; MDS, Mediterranean dietary score;
MEC, Multiethnic Cohort; QFFQ, quantitative FFQ.
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of the total score (aMED-e). It is unclear how the diet scores and
their association with health outcomes differ between the two
versions and whether studies using different aMED versions
can be meaningfully compared.
The Dietary Patterns Methods Project (DPMP), established

by the National Cancer Institute, was designed to strengthen
scientific evidence relating diet to mortality through simulta-
neous identical analyses in three established US cohorts(15–18) of
the association between four dietary indices and all-cause, CVD
and cancer mortality. This seminal family of studies used aMED
as one of the dietary indices. To date, an examination of aMED
and aMED-e with regard to individuals being assigned the same
score and whether the overall results yield similar risk estimates
has not been performed. Such an analysis would provide
guidance for comparison across studies using different
aMED versions.
The Multiethnic Cohort (MEC) was part of the DPMP(17). In

the present report, we use a larger sample of older men and
women participating in the MEC to study the effect of energy
standardisation on the Mediterranean diet score and how this
effect varies among score components and different groups of
cohort participants. We also prospectively examine and com-
pare the association of aMED and aMED-e scores with mortality.

Methods

Study population and case ascertainment

The MEC is a prospective cohort study of adults from five racial/
ethnic groups in Hawaii and Los Angeles, established to
examine the association of lifestyle and genetic factors with the
risk of cancer and other chronic diseases(21). Over 215 000 men
and women aged 45–75 years were recruited between 1993 and
1996. At cohort entry, participants completed a mail-in self-
administered detailed baseline questionnaire (Qx1), which was
treated as an informed consent and included information on
demographics, anthropometric measures, medical history,
reproductive history (women), occupational history, food
intake and physical activity. Participants missing demographic
and other essential information were excluded. The MEC
study protocol was approved by the Institutional Review
Boards of the University of Hawaii and the University of
Southern California.
Deaths from causes other than cancer were identified using

state death files and the National Death Index. Deaths from
CVD were identified and classified as International Classifica-
tion of Diseases, Ninth Revision (ICD-9) codes 390–448 or
ICD-10 codes I00–I78 and G45(22,23). Cancer deaths were
identified through linkages to the Hawaii Tumor Registry, the
Cancer Surveillance Program for Los Angeles County and
the California State Cancer Registry, which are part of the US
National Cancer Institute’s Surveillance, Epidemiology, and End
Results Program, and the US National Death Index. Cancer
deaths were classified using ICD-9 codes 140–208 or ICD-10
codes C00–C97(22,23). All-cause mortality included CVD and
cancer deaths, as well as deaths from other causes, including
accidents and suicides. All death files were current up to
31 December 2011 for participants in Hawaii and 31 October 2010

for Los Angeles participants. Participants with no recorded
death as of these dates were censored.

Dietary assessment and score calculation

The Qx1 included a 182-item quantitative FFQ (QFFQ), which
has been described in detail elsewhere(21,24,25). Usual intake
over the past 12 months was assessed using eight categories,
from ‘never or hardly ever’ to ‘two or more times a day’, and
nine categories, from ‘never or hardly ever’ to ‘four or more
times a day’, for some beverage items. Quantities of foods were
assessed using three portion sizes specific to each food item,
which were shown as representative images. The QFFQ was
validated and calibrated in each ethnic–sex group using data
from 1606 participants and three randomly scheduled 24-h
dietary recalls(24). The MEC QFFQ has several unique attributes,
including the presence of ethnic-specific foods, reliance on
a food composition table specific to the MEC and use of a large
recipe database(26).

The foods and beverages in the QFFQ were disaggregated
using the MEC food composition tables(25), to create the major
food groups and subgroups that make up the MyPyramid
Equivalents Database (MPED), a standardised food-grouping
system developed by the US Department of Agriculture that
disaggregates most foods into their ingredients and allocates
each ingredient to one of thirty-two food groups(27). Amounts of
foods reported were converted from ‘portions’ to ‘cup equiva-
lents’ or ‘ounce equivalents’. The MPED groups and subgroups
were used to construct each component contributing to aMED
and aMED-e. The component scores of aMED were based on
total component intake, whereas those of aMED-e were based
on intake standardised to 8368 kJ (2000 kcal) in women and
10 460 kJ (2500 kcal) in men(10–12). One point was assigned
for intake above the sex-specific median for the healthful
components or below the sex-specific median for the fat ratio
component:red meat component. Specific intakes for men
(10–25 g/d) and women (5–15 g/d) were used for the alcohol
component. The total score was calculated as the sum of
all component scores and ranged between 0 and 9. The
components of aMED and aMED-e, their composition and
scoring criteria for MEC participants are listed in Table 1.

Statistical analysis

Analyses were limited to cohort participants from five main
MEC ethnic groups (white, African-American, Japanese-
American, Native Hawaiian, Latino) who had valid dietary
assessment information. To better represent the general
population, individuals with prior history of cancer or heart
disease at baseline were not excluded. A total of 87 338 men
and 106 189 women were included in the analyses.

Diet scores were divided into quintiles using separate cut-off
points for men and women. BMI was categorised as normal
weight (<25 kg/m2), overweight (25–29·9 kg/m2) and obese
(≥30 kg/m2) using self-reported height and weight. The effect of
energy standardisation on the diet score was assessed by
examining the distributions of aMED and aMED-e scores by sex,
age group, ethnicity and BMI. We calculated the percentage of
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participants whose aMED-e score changed or remained the
same, compared with the aMED score. We also examined
individual scores for the dietary components comprising the
Mediterranean diet, and computed percentage of participants
scoring 1 point according to the component score guidelines
before and after energy standardisation, as well as the percen-
tage of those whose component scores changed. To char-
acterise participants who were more likely to experience
component score change, we calculated mean age at cohort
entry, education level, BMI, physical activity level and total
energy intake by component score and total score change level
(decrease, unchanged, increase). Linear regression was used to
estimate the linear trend in component score change by each
of these factors.
The associations of aMED and aMED-e diet scores with all-

cause, CVD and cancer mortality were examined using Cox’s
regression with years since study entry as the time metric. For
CVD and cancer models, study participants who died of other
causes were considered censored at the time of death. Hazard
ratios and 95% CI were calculated for diet score quintiles,

represented by four indicator variables. The lowest quintile was
used as a reference category. Linear trend was evaluated based
on the median dietary score within each quintile. Analyses were
adjusted for age at baseline (continuous), ethnicity (as indicator
variables), BMI (normal weight, overweight, obese), moderate-
to-vigourous physical activity (<2·5, ≥2·5 h/week), smoking
(current smoker, past smoker, never smoked), education (<12,
12, 13–15, 16 or more years) as a proxy of socio-economic
status, marital status (married, not married), hormone replace-
ment therapy (yes, no – women only) and history of diabetes,
heart disease and cancer (yes, no). Continuous measures (age
at baseline and total energy intake) had no missing values
because of our inclusion criteria. Categorical covariates with
missing values were modelled with a separate missing value
category. Missing values ranged from <1 to 2·3% of the total
sample. Models were fit with and without additional adjustment
for the total energy intake (continuous) and were stratified by
sex and ethnicity. Analyses were repeated with participants’ age
as time metric and with follow-up restricted to 5 and 10 years.
The proportional hazard assumption for Cox’s models was

Table 1. Components, optimal quantities and scoring standards for the alternate Mediterranean diet score (aMED) variations among the Multiethnic Cohort
participants

Scoring cut-off points†

Men Women

Components Foods included Scoring criterion* aMED aMED-e aMED aMED-e

Fruits All fruits and 100% fruit juices Servings/d>median intake 1·57 1·80 1·84 2·07
Vegetables All vegetables except potatoes Servings/d>median intake 1·66 1·86 1·71 1·89
Legumes Dried beans and peas, lentils, tofu, soya Servings/d>median intake 0·09 0·10 0·07 0·08
Nuts Nuts and peanut butter Servings/d>median intake 0·44 0·50 0·34 0·38
Whole grains Whole-grain ready-to-eat cereals, cooked cereals,

crackers, dark breads, brown rice, other whole grains
Servings/d>median intake 1·23 1·40 1·30 1·45

Fish Fish, shellfish, canned fish, dried fish Servings/d>median intake 0·64 0·74 0·48 0·55
Red and processed meats Red meats, processed meats Servings/d<median intake 1·98 2·30 1·32 1·52
MUFA:SFA ratio MUFA (g):SFA (g) Ratio>median 1·22 1·20
Alcohol Beer, hard liquor, wine Intake within specified range (g/d) 10–25 10–25 5–15 5–15

aMED-e, energy-standardised alternate Mediterranean diet; MEC, Multiethnic Cohort.
* Component score = 1, if the criterion is met; 0, otherwise.
† Median (servings/d) for all components except alcohol and MUFA:SFA ratio. Specified range (g/d) for alcohol. Medians for all components were established separately for men

and women in the MEC.

Table 2. Distribution (%) of alternate Mediterranean diet (aMED) and energy-standardised alternate Mediterranean diet (aMED-e) scores by sex in
the Multiethnic Cohort

Men (n 87 338) Women (n 106 189)

aMED (%) aMED-e (%) aMED (%) aMED-e (%)

Scores Cumulative Cumulative Cumulative Cumulative

0 0·8 0·8 0·8 0·8 0·8 0·8 0·7 0·7
1 5·9 6·6 5·0 5·8 6·4 7·3 5·0 5·7
2 13·2 19·8 12·4 18·2 13·9 21·2 12·6 18·3
3 17·8 37·6 18·7 36·9 18·1 39·3 19·4 37·7
4 19·6 57·2 21·5 58·3 19·1 58·4 22·2 59·8
5 18·0 75·2 19·1 77·4 18·0 76·4 19·6 79·4
6 14·7 89·9 13·4 90·8 14·4 90·8 12·9 92·4
7 7·9 97·7 6·9 97·7 7·4 98·2 6·0 98·4
8 2·1 99·8 2·0 99·8 1·7 99·9 1·5 99·9
9 0·2 100·0 0·2 100·0 0·1 100·0 0·1 100·0
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verified by plotting scaled Schoenfeld residuals against time to
event(28). All analyses were conducted with SAS version 9.3
(SAS Institute Inc.). All P values were two-sided and P< 0·05
was defined as significant.

Results

At the end of 13–18 years of follow-up, a total of 51 702 deaths
(27 744 among men, 23 958 among women) were recorded, of
which 19 000 (10 433 men, 8567 women) were from CVD and
16 414 (8811 men, 7603 women) from cancer.
The majority of cohort participants scored between 2 and 6

on both aMED and aMED-e (Table 2). Total scores of 1 and 7
were less common (<7 and <8% participants, respectively),
scores of 0 (<1%) and 8 (about 2%) were rare and a score of 9
(<0·3%) was very rare. On average, energy intake standardi-
sation had the effect of shifting total scores towards the middle
values of 3–5 among both men and women.
To assess how the effect of energy standardisation changes

by age and ethnicity, we compared the correlation between the
aMED and aMED-e total scores and the percentage of partici-
pants who scored the same on both scores (Table 3). There was
little difference by age group in the correlation between the
aMED and aMED-e. Men were slightly more likely than women
to score the same on aMED and aMED-e. The percentage
of participants whose aMED-e score was higher than aMED
steadily increased with age, with approximately 31% of
older men and women scoring higher on aMED-e. White and
Japanese American participants had higher correlations
between the two scores. Native Hawaiians had the lowest
percentage and African-Americans the highest percentage of
those who had higher aMED-e scores. These two ethnic groups
also had the lowest fraction of those who had identical aMED
and aMED-e scores. The correlation between the total scores, as
well as the percentage of those scoring higher on aMED-e, was
lower among participants with higher BMI.
We also examined individual scores of the nine components

of the Mediterranean diet among the MEC men and women
(Table 4). One component, MUFA:SFA ratio, was unaffected by
energy standardisation. In seven components, nearly half of the
cohort participants scored ‘1’. A notable exception was alcohol,
with <15% men and <8% women scoring ‘1’ on either aMED or
aMED-e. Although the percentage of participants scoring ‘1’ was
similar between aMED and aMED-e for all components, there
was substantial difference in the individual scores, as evidenced
in the percent discordant scores – that is, ‘1’ for one version of
the diet score and ‘0’ for the other. The highest fraction of
discordant component scores was observed for vegetables
(24% men and women), followed by red and processed meat
(20% men and 19% women).
The groups of cohort participants whose component scores

changed after energy standardisation are characterised in
Table 5. We computed mean age at baseline, education, BMI,
physical activity and total energy intake separately among
three groups of participants: those whose component scores
decreased, increased or remained the same. For all compo-
nents, except alcohol and red and processed meat, men and
women whose component scores increased after energy Ta
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standardisation tended to be older, leaner and more educated
and to have lower energy intake. Men whose component scores
decreased were more physically active, whereas women with
decreased component scores were slightly less or equally active
than whose component scores improved or did not change.
The opposite trends were observed for red and processed meat
component scores. Little difference among the three participant
groups was found for alcohol scores.
Both versions of the Mediterranean diet score showed

inverse associations with all-cause, CVD and cancer mortality
among men and women in all ethnicity analyses (Table 6;
online Supplementary Table S1). Estimates for aMED-e with and
without additional adjustment for energy intake were identical
(data not shown). Compared with aMED with energy adjust-
ment in the model, aMED-e exhibited the same or slightly
stronger associations with all-cause and CVD mortality and
slightly weaker associations with cancer mortality for most
sex–ethnic groups. The majority of statistically significant
associations were observed among White and African-American
participants. Although the estimates for Native Hawaiians are
mostly not statistically significant, they are still very similar
between aMED and aMED-e. Without energy adjustment in the
model, the estimates for highest v. lowest quintile of aMED
were also in the negative direction, but of smaller magnitude
(attenuated towards 1) than those from energy-adjusted models,
and for African-American women it resulted in the loss of
statistical significance. Analyses with participants’ age as time
metric and with follow-up restricted to 5 and 10 years yielded
estimates 3, 6 and 8%, respectively, of those reported in Table 6
(data not shown).

Discussion

The aMED and aMED-e appear to be distinctly different diet
scores, which are more closely correlated among those of older
age, lower BMI and higher physical activity, and differ more
widely among those with higher BMI and higher total energy
intake. We have observed that although the overall distribution
of the two scores appears very close the individual aMED
and aMED-e scores may differ substantially within individuals.

This suggests that a choice between raw and energy-
standardised Mediterranean diet score deserves some attention.

We observed that among individuals whose total aMED-e
score decreased, compared with aMED, average energy intakes
were higher. This is not surprising. The unstandardised aMED
score measures total consumption of food components and the
aMED-e score reflects the proportion of these components
within a standardised amount of energy. Therefore, higher-
energy-intake individuals may score well on the total con-
sumption of component foods but lag behind in the proportion
of these foods, if they are consuming even greater amounts of
other, less beneficial foods. This observation underscores that
consuming high amounts of healthy foods does not in itself
constitute a healthy diet.

Diet scores increased after energy standardisation among
older participants, which may reflect their healthier overall
eating habits or reduced total food intake. Energy standardisa-
tion also tended to reduce the diet score among physically
active men. It is conceivable that physically active individuals
would eat more to satisfy their increased energy needs(29), and
thus the above observation on high-energy-intake individuals
may explain this finding. We note, however, that this finding
was not observed in women. The correlation of physical activity
and total food intake was also weaker in women compared
with men in our study (data not shown). Potential reasons for
this may include under-reporting of food intake by physically
active women, or a possibility that women undertaking weight-
loss effort may increase their physical activity but not their
food intake(29,30).

The problem of estimating energy intake from self-reported
dietary data has received much attention(31,32). Most FFQ are
not considered appropriate dietary assessment tools to estimate
true energy intake(33). Energy intakes derived from FFQ have
been found to be underestimated primarily because of the
specific set of foods and beverages included in the FFQ that
may not cover an individual’s entire diet(34). At the same time, it
has been observed that because the error in self-reported
energy correlates with that in the reported intake of foods and
beverages adjustment for the self-reported energy intake can
actually correct for measurement error in other dietary

Table 4. Percent scoring 1 by alternate Mediterranean diet (aMED) and energy-standardised alternate Mediterranean diet (aMED-e) food components by
sex in the Multiethnic Cohort

Men (n 87338) Women (n 106 189)

Percent scoring ‘1’ Percent scoring ‘1’

Components aMED aMED-e Percent discordant* aMED aMED-e Percent discordant*

Vegetables 49·9 49·9 23·7 49·8 50·1 24·0
Fruit 50·0 49·7 15·8 49·8 49·7 17·2
Nuts 50·3 50·2 13·8 49·8 49·8 13·4
Legumes 50·9 50·8 12·0 50·9 51·0 11·7
Fish 49·3 49·2 15·5 49·2 49·2 15·4
Grains 51·3 51·1 13·2 51·0 51·0 15·0
Alcohol 14·4 14·6 10·0 7·7 8·0 5·4
Red and processed meat 49·9 49·7 20·5 50·2 49·9 19·0
MUFA:SFA ratio 49·8 49·8 0·0 49·6 49·6 0·0

* Percentage of the participants whose component score changed (from 0 to 1 or from 1 to 0) in aMED-e, compared with aMED.
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Table 5. Characteristics of participants by alternate Mediterranean diet (aMED) to energy-standardised alternate Mediterranean diet (aMED-e) component score change, by food component and sex in the
Multiethnic Cohort

Men (n 87 338) Women (n 106189)

Components
Score
change* n

Age at cohort
entry (mean)

Years of
school (mean)

BMI
(mean)

MET of
activity/d
(mean)†

Total energy
intake (mean) n

Age at cohort
entry (mean)

Years of
school (mean)

BMI
(mean)

MET of
activity/d
(mean)†

Total energy
intake (mean)

Vegetables 1 to 0 10 348 58·8 12·6 27·5 1·69 3861 12 605 58·8 12·4 27·8 1·58 3237
Unchanged 66 612 60·8 13·3 26·6 1·66 2366 80 753 60·3 13·1 26·4 1·59 1925
0 to 1 10 378 62·3 13·4 26·5 1·65 1385 12 831 61·4 13·2 25·8 1·60 1117
P value‡ <0·001 0·004 0·30 <0·001 <0·001 <0·001 <0·001 0·01 <0·001 <0·001

Fruit 1 to 0 7009 59·3 12·8 27·5 1·69 3928 9181 59·1 12·6 27·9 1·59 3281
Unchanged 73 529 60·7 13·3 26·6 1·66 2385 87 927 60·2 13·0 26·4 1·59 1940
0 to 1 6800 62·9 13·3 26·4 1·65 1326 9081 62·2 13·2 26·0 1·61 1083
P value‡ <0·001 <0·001 0·81 0·15 <0·001 <0·001 0·92 0·93 <0·001 <0·001

Nuts 1 to 0 6085 58·6 12·6 27·5 1·70 3898 7113 58·7 12·4 28·0 1·59 3236
Unchanged 75 303 60·8 13·2 26·6 1·66 2392 91 955 60·3 13·0 26·5 1·59 1955
0 to 1 5950 62·1 13·6 26·5 1·65 1355 7121 61·0 13·4 26·0 1·59 1100
P value‡ <0·001 0·003 0·83 0·42 <0·001 <0·001 <0·001 0·03 0·91 <0·001

Legumes 1 to 0 5286 58·7 13·6 27·2 1·68 3723 6130 59·0 13·3 27·4 1·57 3151
Unchanged 76 887 60·8 13·2 26·6 1·67 2413 93 747 60·3 13·0 26·5 1·59 1969
0 to 1 5165 62·1 13·5 26·5 1·64 1296 6312 61·3 13·1 26·4 1·60 1058
P value‡ 0·004 <0·001 <0·001 0·32 <0·001 0·61 <0·001 <0·001 <0·001 <0·001

Fish 1 to 0 6781 59·3 12·7 27·3 1·69 3869 8142 59·1 12·6 27·6 1·59 3213
Unchanged 73 815 60·8 13·2 26·6 1·66 2394 89 877 60·3 13·0 26·5 1·59 1954
0 to 1 6742 62·1 13·5 26·4 1·64 1324 8170 61·1 13·2 26·0 1·59 1074
P value‡ 0·12 0·37 0·04 0·98 <0·001 0·53 0·12 0·13 0·28 <0·001

Grains 1 to 0 5871 59·2 12·7 27·5 1·69 4009 7960 59·1 12·4 28·0 1·58 3375
Unchanged 75 811 60·7 13·2 26·6 1·67 2386 90 246 60·3 13·0 26·4 1·59 1940
0 to 1 5656 62·5 13·7 26·6 1·63 1323 7983 61·4 13·3 26·1 1·59 1085
P value‡ <0·001 0·006 0·002 0·40 <0·001 <0·001 0·001 0·64 0·006 <0·001

Alcohol 1 to 0 4242 60·3 13·4 26·5 1·67 2313 2718 58·7 13·6 25·8 1·60 2138
Unchanged 78 649 60·8 13·2 26·6 1·66 2426 100 502 60·4 13·0 26·6 1·59 1984
0 to 1 4447 59·7 13·1 27·1 1·67 2531 2969 58·7 13·7 25·9 1·58 1812
P value‡ 0·07 <0·001 <0·001 0·57 <0·001 0·04 0·72 0·20 0·19 <0·001

Red and
processed
meat

1 to 0 9019 61·7 13·2 26·8 1·64 1336 10 251 60·9 12·9 26·5 1·59 1073
Unchanged 69 472 60·7 13·3 26·6 1·66 2403 85 988 60·2 13·0 26·5 1·59 1959
0 to 1 8847 59·9 12·8 26·9 1·70 3716 9950 60·1 12·7 27·0 1·60 3124
P value‡ <0·001 <0·001 <0·001 <0·001 <0·001 <0·001 <0·001 <0·001 0·02 <0·001

Total score
change

−1 or more 23 924 59·3 12·9 27·2 1·68 3450 29 017 59·3 12·7 27·5 1·59 2881
Unchanged 39 638 60·9 13·3 26·5 1·66 2289 47 404 60·3 13·1 26·3 1·59 1860
+ 1 or more 23 776 62·0 13·4 26·4 1·65 1624 29 768 61·2 13·2 26·0 1·60 1304
P value‡ <0·001 0·78 0·27 0·14 <0·001 <0·001 0·01 0·004 <0·001 <0·001

Total score
change
(quintile)

−1 or more 20 125 59·2 12·8 27·4 1·68 3528 24 672 59·1 12·6 27·7 1·58 2948
Unchanged 47 108 60·8 13·3 26·4 1·66 2327 56 035 60·3 13·1 26·3 1·59 1888
+1 or more 20 105 62·1 13·4 26·4 1·65 1557 25 482 61·3 13·2 26·0 1·60 1257
P value‡ <0·001 0·08 0·02 0·17 <0·001 <0·001 <0·001 <0·001 <0·001 <0·001

MET, metabolic equivalents.
* Change in component or total score or in total score quintile, from aMED to aMED-e.
† MET of activity per day.
‡ Pfor trend according to the t test.
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Table 6. Associations of alternate Mediterranean diet (aMED) and energy-standardised alternate Mediterranean diet (aMED-e) with all-cause, CVD and cancer mortality in the Multiethnic Cohort, by sex and ethnicity
(Hazard ratios (HR) and 95% confidence intervals)

Men Women

All races
(n 87 338) White (n 21992)

African-
American
(n 12212)

Native Hawaiian
(n 6051)

Japanese
American
(n 25945) Latino (n 21138)

All races
(n 106 189) White (n 25546)

African-
American
(n 21127)

Native Hawaiian
(n 7838)

Japanese
American
(n 28 939) Latino (n 22 739)

Outcomes Index HR† 95% CI HR† 95% CI HR† 95% CI HR† 95% CI HR† 95% CI HR† 95% CI HR† 95% CI HR† 95% CI HR† 95% CI HR† 95% CI HR† 95% CI HR† 95% CI

All causes aMED‡ 0·82* 0·79, 0·85 0·74* 0·68, 0·79 0·84* 0·78, 0·91 0·96 0·84, 1·09 0·84* 0·78, 0·9 0·84* 0·78, 0·91 0·85* 0·82, 0·89 0·80* 0·74, 0·87 0·85* 0·79, 0·91 0·97 0·85, 1·1 0·83* 0·76, 0·9 0·89* 0·81, 0·98
aMED§ 0·77* 0·74, 0·80 0·70* 0·64, 0·75 0·78* 0·72, 0·86 0·88 0·76, 1·02 0·80* 0·74, 0·86 0·78* 0·71, 0·85 0·79* 0·75, 82 0·75* 0·69, 0·82 0·73* 0·68, 0·80 0·91 0·78, 1·06 0·79* 0·72, 0·87 0·88* 0·79, 0·97
aMED-e 0·79* 0·76, 0·82 0·73* 0·67, 0·79 0·80* 0·73, 0·87 0·90 0·78, 1·04 0·77* 0·71, 0·83 0·83* 0·76, 0·91 0·80* 0·76, 0·83 0·77* 0·70, 0·84 0·73* 0·68, 0·80 0·95 0·82, 1·11 0·86* 0·78, 0·95 0·83* 0·74, 0·92

CVD aMED‡ 0·83* 0·78, 0·88 0·78* 0·68, 0·88 0·81* 0·72, 0·91 0·9 0·73, 1·11 0·83* 0·74, 0·94 0·89* 0·78, 1·01 0·84* 0·79, 0·9 0·76* 0·66, 0·88 0·88* 0·79, 0·98 1·04 0·83, 1·31 0·72* 0·62, 0·83 0·90 0·77, 1·05
aMED§ 0·79* 0·74, 0·85 0·75* 0·66, 0·86 0·77* 0·67, 0·89 0·82 0·65, 1·03 0·83* 0·73, 0·94 0·86* 0·75, 1·00 0·78* 0·72, 0·84 0·73* 0·62, 0·86 0·76* 0·67, 0·87 0·96 0·74, 1·24 0·69* 0·59, 0·81 0·92 0·77, 1·10
aMED-e 0·81* 0·76, 0·86 0·78* 0·68, 0·88 0·78* 0·68, 0·90 0·83 0·66, 1·03 0·76* 0·67, 0·87 0·94 0·81, 1·08 0·77* 0·72, 0·83 0·73* 0·62, 0·85 0·74* 0·65, 0·84 0·99 0·77, 1·28 0·76* 0·64, 0·90 0·89 0·74, 1·06

Cancer aMED‡ 0·84* 0·79, 0·9 0·75* 0·66, 0·86 0·86* 0·75, 0·98 1·04 0·81, 1·33 0·92 0·82, 1·05 0·78* 0·68, 0·91 0·92 0·86, 0·99 0·92 0·8, 1·06 0·92 0·81, 1·04 0·96 0·76, 1·21 1·04 0·89, 1·21 0·83* 0·7, 0·98
aMED§ 0·79* 0·73, 0·84 0·71* 0·62, 0·82 0·81* 0·69, 0·95 0·94 0·71, 1·23 0·87* 0·76, 0·99 0·72* 0·61, 0·84 0·87* 0·80, 0·94 0·88 0·75, 1·03 0·81* 0·70, 0·94 0·96 0·73, 1·26 1·01 0·85, 1·20 0·78* 0·64, 0·94
aMED-e 0·81* 0·76, 0·87 0·76* 0·66, 0·87 0·90 0·77, 1·05 0·96 0·75, 1·24 0·85* 0·74, 0·97 0·68* 0·57, 0·80 0·88* 0·81, 0·94 0·89 0·77, 1·03 0·84 0·73, 0·97 1·00 0·77, 1·30 0·99 0·83, 1·17 0·79* 0·65, 0·96

* Statistically significant (P<0·05).
† HR for the highest (5th) v. the lowest (1st) quintile. All models adjusted for age at baseline (continuous), ethnicity (as indicator variables), BMI (normal weight, overweight, obese), moderate-to-vigourous physical activity (<2·5, ≥2·5 h/week), smoking

(current smoker, past smoker, never smoked), education (<12, 12, 13–15, 16 or more years), marital status (married, not married), hormone replacement therapy (yes, no – women only) and history of diabetes, heart disease and cancer (yes, no).
‡ No additional adjustment for the total energy intake.
§ With additional adjustment for the total energy intake.
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components(35). In a recent commentary, Subar et al. (34)

presented a thorough discussion on the limitations and merits of
energy intakes derived from FFQ and advocated the use of
energy intakes from self-reported dietary data for studies
of dietary patterns, as a means of estimating contribution of
specific foods to the overall diet. Adjustment for the total energy
intake in models has been advocated for both standard and
nutrient density approaches in nutrient intake assessment(20).
In the estimation of an effect of Mediterranean diet on

mortality risk, with additional adjustment for the total energy
intake, risk estimates for the aMED score were very close to
those for aMED-e among men and women across all ethnic
groups. The estimates for aMED without energy adjustment in
the model were not as close to those for adjusted aMED or
aMED-e, although they were in the same direction. At the same
time, estimates for aMED-e with and without additional energy
adjustment were nearly identical (data not shown). This
suggests that either aMED combined with total energy intake or
aMED-e alone could be used to gauge a person’s diet in terms
of its effect on the risk of death. An investigator preferring a
single quantity for this purpose may choose aMED-e, whereas
someone striving for uniform methodology with prior research
may opt for aMED. For the same reasons, comparison of results
can be performed across studies using different versions
of the score.
We note that Mediterranean diet indices, both traditional

(MDS) and aMED, are based on scoring most food components
relative to the population medians. Thus, they are population
dependent, whereby different populations under study would
entail varying score cut-off points. This approach has its
advantages and drawbacks. One rationale for such a
population-based scoring method is its flexibility: populations
may differ in a variety of ways, such as prevailing attitudes
towards eating and exercise, regional cuisine, availability of
certain food items and not others, etc. Because of these and
other factors, beneficial effects of consuming specific groups of
foods may differ, and the composition of a diet score may need
to be adjusted. Diet scoring based on population medians
accomplishes such fine tuning of a dietary index. On the other
hand, this approach complicates direct comparison across
studies, because the same score in two populations may not
represent the same level of intake or the same diet composition.
In addition, median-based diet scores are not stable over time:
if the general pattern in a population shifts towards increased
consumption of healthy foods and therefore higher median
intakes, individuals with no change in the diet may likely see
their diet score drop. This is counterintuitive and may bias the
results of studies temporally spaced apart.
These disadvantages could be overcome by using the same

cut-off points (e.g. baseline medians) throughout repeat dietary
assessments, as implemented by Hoevenaar-Blom et al.(36), or
by applying a scoring method with fixed cut-off points for
component scores, similar to other diet scores such as Healthy
Eating Index(37) or Alternative Healthy Eating Index(38). In
the Prevención con Dieta Mediterránea (PREDIMED) study
based in Spain, Estruch et al.(39) used normative cut-off points
and a fourteen-item MeDiet screener tool to quantify adherence
to the Mediterranean diet. Sofi et al.(5) recently proposed a

literature-based adherence score as a modification of the MDS
dietary index. They reviewed a total of twenty-seven cohort
studies from across three continents (Europe, North America
and Australia) and defined the scoring cut-off points, separately
for men and women, as means of the weighted medians from
all individual studies. These are commendable efforts, even if
the resulting cut-off points reflect only the included studies and
may not be applicable in populations geographically and eth-
nically different from those surveyed. Fixed scoring cut-off
points based on biological and epidemiological evidence would
be better justified and more desirable.

Strengths of the present study include its large sample size,
long follow-up and multi-ethnic composition, which makes our
findings generalisable across multiple ethnic groups. The inclu-
sion of ethnic-specific foods and calibration of the QFFQ within
ethnic groups allowed us to better estimate intake
levels by food group and the overall energy intake. Among the
limitations of the present study, we note that only a baseline
dietary assessment was available in our cohort. As a con-
sequence, we were unable to examine diet change patterns and
to investigate how diet change potentially affects mortality risk.
In summary, although the individual aMED and aMED-e diet
scores may substantially differ, both aMED versions, with energy
standardisation built in and with energy adjustment at the ana-
lytic stage, show very similar reductions in all-cause, CVD and
cancer mortality for individuals scoring high on the index scale.
Therefore, either version of the score can be used in studies
examining the association of diet with mortality. Moreover,
results across such studies using different versions of the aMED
score could be meaningfully compared in future meta-analyses.
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