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Abstract

Background The associations between dietary indices and mortality have not been evaluated in populations from the Mid-
dle East, which have different dietary patterns compared to the US and Europe. In this study, we evaluated the association
between six dietary indices and mortality in the Golestan Cohort Study (GCS) in Iran, which is the largest prospective study
in the Middle East with 50,045 participants. Methods The six dietary indices, namely the Healthy Eating Index (HEI-2015),
Alternative Healthy Eating Index (AHEI-2010), Alternative Mediterranean Diet (AMED), Dietary Approach to Stop Hyper-
tension created by Fung (DASH-Fung) and Mellen (DASH-Mellen), and the World Cancer Research Fund (WCRF/AICR)
index, were applied to data from a food frequency questionnaire, computed and divided into quintiles. Adjusted Cox models
were used to estimate hazards ratio (HR) and 95% confidence intervals (CI) for overall and cause-specific mortality, using
the lowest quintile as a reference group. Results Among 42,373 participants included in the current analyses, 4424 subjects
died during 10.6 years of follow-up. Participants with the highest quintile dietary scores, compared with the lowest quintile
dietary scores, had significantly decreased overall mortality in the AHEI-2010, AMED, DASH-Fung, and WCRF/AICR
indices (HR 0.88, 95% CI=0.80-0.97; 0.80, 0.70-0.91; 0.77, 0.70-0.86; and 0.79, 0.70-0.90, respectively). A reduced car-
diovascular mortality was found for high AHEI-2010 and DASH-Fung scores (17% and 23%, respectively), and a reduced
cancer mortality for high HEI-2015, AMED, and DASH-Fung scores (21, 37 and 25%, respectively). Conclusion Various
indices of dietary quality are inversely associated with overall mortality, and selectively with cancer and cardiovascular
mortality in the GCS, which contribute to the generalizability and validity of dietary guidelines.
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Introduction food items which are consumed justify the use of dietary

score to characterize potentially beneficial and harmful food

The association of specific food groups or food items and
mortality has been reported in various populations [1-4].
Further, the complexity of diet and the correlation between
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patterns [5].

Several dietary scores have been defined to evaluate die-
tary quality. Commonly used indices include: the Healthy
Eating Index (HEI), which was created and subsequently
updated to evaluate how diets follow federal dietary guid-
ance in the United States [6, 7]; the Alternative Healthy
Eating Index (AHEI), which was developed by Harvard
University to decrease the risk of chronic diseases based
on previous findings [8, 9]; the Alternative Mediterra-
nean Diet (AMED), which is a model of eating based on
Mediterranean Diet, the traditional foods and drinks of the
countries surrounding the Mediterranean Sea, and has been
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proposed as one of the healthiest dietary patterns [10]; the
Dietary Approach to Stop Hypertension (DASH), which
was developed to prevent hypertension [11]; and The World
Cancer Research Fund and the American Institute for Can-
cer Research (WCRF/AICR) index, which was proposed
to prevent cancer on the basis of the most comprehensive
scientific findings [12]. Multiple DASH scores have been
created, the most commonly used of which are those based
on food groups developed by Fung et al. (DASH-Fung) [13]
and those based on nutrients developed by (DASH-Mellen)
Mellen et al. [11].

The HEI, AHEI, AMED, DASH, and WCREF indices are
frequently reported to be associated with a reduced risk of
chronic diseases, such as cardiovascular diseases (CVD) and
cancer, and overall mortality [14, 15]. However, the asso-
ciation of dietary indices has not been widely evaluated in
the populations from the Middle East which have different
dietary patterns from those from North America and Europe
where the scores were originally developed. In this study,
we use these six dietary indices (HEI-2015, AHEI-2010,
AMED, DASH-Fung, DASH-Mellen, and WCRF/AICR) to
evaluate the association between diet quality and mortality
in the Golestan Cohort Study, the largest prospective popula-
tion study of chronic diseases in the Middle East. We also
compare the scores with each other to see the magnitude and
significance of the associations in an Iranian population. To
enable a rigorous comparison, we used the same scores as
the Dietary Patterns Methods Project, which was created to
conduct standard analyses of the association between dietary
indices and mortality in three large prospective studies in the
United States [16].

Materials and methods
Study population and design

The Golestan Cohort study enrolled 50,045 participants aged
40-75 years in 2004-2008 in Golestan Province, located
in the northeastern part of Iran. In urban areas, the partici-
pants were selected randomly by systematic clustering using
household number. In rural areas, all eligible residents were
invited to participate. Participation rates were between 50
and 84% in urban and rural areas [17]. About 57% of the
population were women, and 81% were rural. The base-
line questionnaire on demographic and lifestyle variables
and the Food Frequency Questionnaire (FFQ) were com-
pleted by trained interviewers. The study protocol has been
described before [18] and was approved by the Institutional
Review Boards of the U.S. National Cancer Institute (NCI),
the International Agency for Research on Cancer (IARC),
and the Digestive Disease Research Institute of the Tehran
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University of Medical Sciences (DDRI). All participants
provided a written informed consent at baseline.

We excluded participants who had > 30 missing responses
on the baseline FFQ (n=872); participants whose energy
intake was more than twice the interquartile range above the
75th percentile (3690 kcal/day for women and 4145 kcal/day
for men) or less than twice the interquartile range below the
25th percentile of energy intake (300 kcal/day for women
and 525 kcal/day for men) (n=1599); and participants with
a self-reported history of cancer, heart disease or diabetes
at baseline (n=6201). The final cohort included 42,373 par-
ticipants (18,272 men and 24,101 women) (Supplemental
Fig. 1). We also examined excluding the participants within
the lowest and highest 1% of the cohort distribution of the
ratio of reported total energy intake to energy requirements,
which has been used by Romaguera et al. [14] for WCRF
score, and the results were largely identical.

Outcome measures

The participants were followed up annually by phone; fewer
than 1% were lost to follow-up during the study period [18].
Deaths were reported by health workers, family or friends.
Any report was followed by a visit in order to collect all
medical reports and undertake a verbal autopsy, the validity
of which has been previously confirmed [19]. All medical
records, pathology reports, radiographs, and hospital docu-
ments were used to identify the cause of death, based on
the International Classification of Disease. Two internists
reviewed the documents, and in case of a disagreement on
the cause of death, a third expert internist made the final
diagnosis. If a final diagnosis could not be determined due
to insufficient documents, it was classified as “unknown”
[2]. In this analysis, we classified cause-specific mortality as
death from CVD, including ischemic heart disease (ICD-10
codes 120-125), stroke (ICD-10 codes 160-169), and other
disease of circulatory system (ICD-10 codes 100-199); and
cancer (ICD-10 codes CO0-C97, excluding C44 and C46.0).
Follow-up time was calculated from the date of the comple-
tion of the FFQ until death, loss to follow up, or June 30,
2017, whichever came first.

Exposure measures

A 116-item FFQ was developed for this population inquiring
about the frequency of consumption of a typical portion size
of each food item based on daily, weekly, monthly or yearly
intake. These were converted to provide estimates of mean
daily intakes. The reproducibility and validity of the ques-
tionnaire was assessed using four repetitions of the FFQ and
twelve 24-h dietary recalls during one year [20]. Pearson’s
correlation coefficients were 0.75 for total energy, 0.75 for
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carbohydrates, 0.76 for proteins and 0.65 for fat based on
the mean of the four FFQs and the mean of the twelve 24-h
diet recalls [20]. To calculate energy and nutrient intake,
we multiplied the daily intake (grams/day) by the energy or
nutrient content of each food item according to the Iranian
food composition tables [21] or the United State Department
of Agriculture reports (release 23), if the food items were
not available in the Iranian tables [22].

To create components of the HEI-2015 and AHEI-2010
scores, we converted the daily intakes from grams to cup
and ounce equivalents using the Food Patterns Equivalents
Database (FPED) 2013-2014 [23]. The FPED units are
ounce and cup equivalents and can be converted to stand-
ard units as follows: 1 0z=28.35 g and 1 cup=225 ml. For
fruits and vegetables, we used an extensive list of one cup
equivalent weights for fruits and vegetables in the FPED
[23]. For example, for canned fruit in light syrup, 65% fruit
was assumed. For grain products such as bread, dough and
cake, made with flour, each 16 g of flour present in a food
was used as the basis for defining a 1-oz grain equivalent,
the rationale being that one standard slice of bread has been
defined as equal to 1-o0z grain equivalent, which will contain
16 g of flour [23]. For intact grains such as rice and pasta,
cooked grains were converted to the uncooked forms with
conversion factors 0.36 and 0.37, respectively [24], and 1-0z
equivalent of grains was defined as 28.35 g [23]. In the FFQ,
multi-ingredient foods such as pizza were not asked, so we
did not have to disaggregate the foods. However, protein
foods were further disaggregated to lean fraction and fat as
follows: meat and poultry were disaggregated to lean meat
and solid fat fractions; and seafood and nuts were disaggre-
gated to lean protein and oil fractions. Similarly, dairy foods
were further disaggregated to a low fat dairy fraction, similar
to skim milk, and a solid fat fraction [23].

Food items were assigned to food groups according to
Supplemental Table 1. The dietary scores were calculated
as follows and were categorized into quintiles. Note that
the number of participants were not always equal in each
quintile.

The HEI-2015 The HEI-2015 includes 13 components
for a total of 100 points based on the 2015 Dietary Guide-
lines for Americans [7], including 9 adequacy components:
total fruit (include fruit juice); whole fruit; total vegetables;
greens and beans (includes dark green vegetables and leg-
umes); whole grains; dairy; total protein foods [includes
meat and poultry (lean fraction), eggs, seafood, nuts, seeds,
soy and legumes]; seafood and plant proteins [includes sea-
food, nuts, seeds, soy and legumes]; fatty acids [ratio of
polyunsaturated fatty acids (PUFAs) and monounsaturated
fatty acids (MUFAs) to saturated fatty acids (SFAs)] (Sup-
plemental Table 2); and four moderation components: SFAs,
refined grains, sodium, and added sugars (Supplemental

Table 2). The components were calculated per 1000 kcal/d
(energy density model).

The AHEI-2010 The AHEI-2010 includes 11 components
for a total of 110 points [5, 8, 9]. The AHEI-2010 includes
fruits, vegetables, whole grains, red and processed meat,
nuts and legumes, trans fats, omega-3 fatty acids, PUFAs,
sugary sweetened beverages (SSB) and fruit juice, sodium,
and alcohol (Supplementary Table 2). The AHEI-2010 is
similar to HEI-2015, however, potatoes are not included
in the vegetable group in this score. Also, the AHEI-2010
uses an absolute intake method instead of a nutrient density
method [8]. SSBs were defined as any beverages containing
a caloric sweetener, even if added after purchase [25]. There-
fore, we included sweet tea if it contained approximately one
half (or more) of the sugar and calories of regular sodas [25].

The AMED The AMED includes nine components for a
total of nine points, based on the Mediterranean diet [26]: all
vegetables (excluding potatoes), all fruits (including juice),
nuts, legumes, fish, whole grains, MUFA to SFA ratio, red
and processed meat, and alcohol. We applied one point
where reported red and processed meat consumption was
less than the sex-specific median. For other components,
intakes above the sex-specific median of the study subjects
received one point. All other intakes received O points (Sup-
plementary Table 2).

The DASH-Fung score The DASH score created by Fung
includes eight components for a total of 40 points: seven
food groups and one nutrient [13]. Scores are based on sex-
specific quintiles in the population. The highest quintile of
intake for fruits, vegetables, low-fat dairy, whole grains, nuts
and legumes each received five points, and the highest quin-
tile of intake for red and processed meat, SSBs, and sodium
each received one point (Supplementary Table 2).

The DASH-Mellen score The DASH score created by
Mellen [11] includes nine components, all nutrients, for a
total of 45 points. The highest quintile of intake for protein,
fiber, magnesium, calcium, and potassium each received five
points, and the highest quintile of intake for cholesterol, total
fat, saturated fat, and sodium each received one point. The
total scores were created by summing all points [11] (Sup-
plementary Table 2). We created scores based on quintiles
in the Iranian population, because when we used the cut-
points based on the American population, the categorization
of participants was not appropriate. For example, 88, 85, 89,
90, and 98% of the participants in this study had a score of
0 for protein, calcium, potassium, saturated fat, and sodium,
respectively. For example, 98% of the participants consumed
more than 1286 mg/1000 kcal of sodium.

The WCRF/AICR score The WCRF/AICR score includes
seven dietary components: energy dense foods which cause
weight gain [27], fruits and vegetables, red and processed
meat, alcohol, sugary drinks, fiber, and sodium; plus non-
dietary components associated with cancer risk including
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physical activity, body fatness, and breastfeeding [14].
However, we only calculated the dietary components in this
study, to allow for comparability with the other diet-only
scores. Energy density was calculated as energy from all
solid and semi-solid foods divided by the weights (g) of
these foods. Drinks (including water, tea, green tea, juice,
soft drinks, alcoholic drinks and milk) were not included in
the calculation of energy density [27]. For each component,
participants who met the official recommendation received
one point, those who met an intermediate recommendation
received one-half of a point, and those who met neither
recommendation received zero points [14] (Supplementary
Table 2).

Alcohol was asked on the demographic baseline question-
naire. Since alcohol intake is not common in this population
(4%), all participants received a zero for it in each dietary
score. Also, no item in the FFQ was a whole grain, because
they are not consumed by this population, so all respond-
ents received a zero for whole grains. We did not modify
the scores and did not delete these components, so that we
could compare the scores from this population with others.

Covariables were extracted from the baseline ques-
tionnaire, which contained questions about demograph-
ics, wealth, physical activity at work (irregular or regular;
intense or non-intense), and self-reported history of diseases.
Ever users of opium or tobacco were defined as those who
had used opium or tobacco at least once a week for more
than 6 months. Ever tobacco users were also categorized into
former and current users [18]. Wealth scores were calculated
based on household appliances, vehicles, and other variables
associated with wealth, using multiples correspondence
analyses [28]. The tertiles of this composite score were used
to create low, medium, and high wealth status. Height and
weight were measured by trained staff at baseline and then
entered into the questionnaire by the staff. We calculated
body mass index (BMI) based on weight and height using
the formula, weight (kg)/height square (m?). This BMI was
then used in statistical analysis as a covariable.

Statistical analysis

Descriptive values of variables were expressed as
means + SD and percentages. The correlations between die-
tary scores were determined using the Spearman test. Mul-
tivariable Cox proportional hazards regression models were
used to model the hazard ratios of overall, cardiovascular
and cancer mortality for each dietary index. Age (years) was
used as the underlying time metric. Multivariable models
were adjusted for age (years, continuous), sex, body mass
index (BMI) (< 18.5, 18.5 to <25, 25 to <30, >30 kg/m?),
formal education (yes, no), place of residence (rural, urban),
ethnicity (Turkmen, non-Turkmen), smoking status (never,
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former, current), opium use (never, ever), physical activity
(irregular non-intense, regular non-intense, irregular or regu-
lar intense) [29], wealth score (tertile) [30], marital status
(married, other), self-reported history of hypertension (yes,
no), and total energy intake (kcal/d). We replaced missing
covariables with median values, which included 8 partici-
pants for history of hypertension and 5 participants for BMI.
The substitution of continuous BMI for categorical BMI did
not produce meaningfully different results regarding the con-
founding effect of BMI on the dietary score estimates. In an
additional analysis, we took BMI and hypertension out of
the models, because they could be considered as mediators.

Potential interaction was assessed for age, gender, smok-
ing status, and BMI (continuous) using the likelihood ratio
test, by multiplying each dietary score by each potential
effect modifier.

In a sensitivity analysis, participants who were followed
less than 2 years were excluded to address potential reverse
causality.

All statistical analyses were performed with STATA soft-
ware (version 14, STATA Corp, College Station, TX, USA).
Reported P values are two-sided. All P values <0.05 were
considered to indicate statistical significance.

Results

Of the 42,373 participants included in this study, 4424 were
reported to have died during a median (interquartile range)
follow-up of 10.6 (9.7 to 11.4) years, including 1598 deaths
due to cardiovascular diseases, 976 deaths due to cancer,
1194 deaths due to other causes such as trauma, and 656 due
to unknown causes of death.

The median dietary index scores in this population, in
comparison with the total possible scores, were as fol-
lows: the HEI-2015 =33 of 100; the AHEI-2010=37 of
110; the AMED =3 of 9; the DASH-Fung =22 of 40; the
DASH-Mellen=27 of 45; and the WCRF/AICR=2.5 of 7.
The baseline characteristics of the participants are listed in
Table 1. The persons with the highest quintile of dietary
scores, compared with those with the lowest quintile, for
each dietary score had a higher BMI and were more likely to
live in urban areas, to be non-Turkmen, to be educated, and
to have a higher intake of fruits and vegetables, calcium, and
potassium. Other characteristics were not consistent among
the six dietary scores; for example, participants with higher
scores in the HEI-2015, AHEI-2010, DASH-Fung, and
DASH-Mellen were older, while in the AMED and WCRF/
AICR, those with the higher scores were younger.

Significant positive correlation was found among the dif-
ferent dietary scores (Table 2). The highest correlation was
between the DASH-Fung and AHEI-2010 (r=0.67), and
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WCRF/AICR (2.5/7)

DASH-Mellen (27/45)

DASH-Fung (22/40)

AMED (3/9)

AHEI-2010 (37/110)

Total population HEI-2015 (33/100)

Scores (Median/
maximum score)

Table 1 continued
Dietary scores quintiles®
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Cs

C1

Cs5

C1

Cs

C1

C5

C1

C5

C1

C5

C1

+ + 446+129 399+127 508+128 446+137 453+129 353+124 530+158 304+112 5374133

443+143  447+133

439+ 121

449+134

soob
Magnesium®,

mg/d

25374650 3122+906 2676+681 3003+867 2354+643 3424+765 2556+677 3152+796 24514739 3050+956 1998 +553 3507+751

Potassium®, mg/d 2807 +778

HEI-2015 Healthy Eating Index; AHEI-2010 Alternative Healthy Eating Index; AMED Alternate Mediterranean Diet; DASH-Fung Dietary Approaches to Stop Hypertension created by Fung

and DASH-Mellen Mellen; and World Cancer Research Fund/American Institute for Cancer Research index (WCRF/AICR); BMI (body mass index); Polyunsaturated Fatty Acids (PUFA),

Monounsaturated Fatty Acids (MUFA), Saturated Fatty Acids (SFA)

#Note that the number of participants were not always equal in each quintile

®Mean + SD

“Percent

the lowest correlation was between the AMED and DASH-
Mellen (r=0.18). Four of the five correlations < 0.30 were
between DASH-Mellen (nutrient-based) and other dietary
scores.

In multivariable models, participants with the high-
est versus the lowest quintile of dietary scores had a
significantly decreased risk of overall mortality in the
AHEI-2010 (HR(5 s ¢; =0.88, 95% CI=0.80 to 0.97, P
trend =0.013), AMED (HR¢s ,, ¢;=0.80, 95% CI=0.70
to 0.91, P trend <0.0001), DASH-Fung (HR¢5  ¢;=0.77,
95% CI=0.70 to 0.86, P trend <0.0001), and WCRF/
AICR indices (HR¢s s ¢1=0.79, 95% CI=0.70 to
0.90, P trend =0.0010). However, for the HEI-2015
(HRe5 v ¢1=0.92, 95% CI1=0.83 to 1.01, P trend=0.051),
and DASH-Mellen indices (HR¢5 ,, ¢; =0.95, 95% CI1=0.86
to 1.05, P trend =0.26), there was no significant effect on
the risk of overall mortality for participants with the highest
versus lowest quintile of dietary scores (Table 3).

In multivariable models, participants with the highest
compared to the lowest dietary scores had a significantly
decreased risk of cardiovascular mortality in the AHEI-2010
(HR(s o ¢1=0.83,95% CI=0.70 to 0.97, P trend=0.080)
and DASH-Fung indices (HR¢5 , ¢;=0.77, 95% CI=0.64
to 0.92, P trend =0.0040) (Table 4). However, in the
HEI-2015 (HR¢s s ¢; =1.00, 95% CI=0.86 to 1.17, P
trend=0.69), AMED (HR¢s  ¢;=0.93, 95% CI=0.75 to
1.09, P trend =0.23), DASH-Mellen (HR¢5 , ¢;=1.11,95%
CI=0.94 to 1.30, P trend=0.14) and WCRF/AICR indices
(HR(5 s ¢ =0.84, 95% CI=0.68 to 1.04, P trend =0.080),
there was no significant effect on the risk of cardiovascu-
lar mortality for participants with the highest versus lowest
quintile of dietary scores (Table 4).

In multivariable models, participants with the high-
est compared to the lowest dietary scores had a signifi-
cantly decreased risk of cancer mortality in the HEI-2015
(HR¢s s 01 =0.79, 95% CI=0.64 to 0.98, P trend =0.058),
AMED (HR¢s s ¢;=0.63, 95% CI=0.46 to 0.85, P
trend =0.0010), and DASH-Fung indices (HR¢5 ., ¢;=0.75,
95% CI=0.60 to 0.93, P trend =0.0040) (Table 5). How-
ever, in the AHEI-2010 (HR(5 , ¢;=0.85, 95% CI=0.68 to
1.05, P trend =0.10), DASH-Mellen (HR¢5 . ¢; =0.88,95%
CI=0.70t0 1.10, P trend=0.36), and WCRF/AICR indices
(HR¢s s ¢ =0.87,95% CI=0.65 to 1.16, P trend =0.27),
there was no significant effect on the risk of cancer mortal-
ity for participants with the highest versus lowest quintile of
dietary scores (Table 5).

We tested removing BMI and hypertension from the
models because they may be in the causal pathway between
diet and mortality, but this change did not alter our results.
There were no statistically significant interactions between
risk associations and gender, age, smoking status, or BMI
for any of the dietary indices.
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Table 2 Spearman’s correlation coefficients for dietary scores in the Golestan Cohort Study?®

HEI-2015 AHEI-2010 AMED DASH-Fung DASH-Mellen WCRF/AICR
HEI-2015 1
AHEI-2010 0.59 1
AMED 0.53 0.51 1
DASH-Fung 0.55 0.67 0.55 1
DASH-Mellen 0.21 0.37 0.18 0.19 1
WCRF/AICR 0.37 0.24 0.54 0.40 0.27 1

HEI-2015 Healthy Eating Index; AHEI-2010 Alternative Healthy Eating Index; AMED Alternate Mediterranean Diet; DASH-Fung Dietary
Approaches to Stop Hypertension created by Fung and DASH-Mellen Mellen; and World Cancer Research Fund/American Institute for Cancer

Research index (WCRF/AICR)

2All scores were correlated with P <0.001

Table 3 HRs (95% Cls) for overall mortality by quintiles of dietary scores in the Golestan Cohort Study (n=42,373)

Dietary scores quintiles

Cl C2 C3 C4 C5 P trend

HEI-2015

Score points range 9-27 28-31 32-35 36-40 41-80

Death, n/person-year 1201/102,758 844/81,484 878/81,639 724/91,120 772/79,823

Age and sex adjusted HR (95%CI) 1 0.91 (0.83-0.99) 0.98 (0.90-1.07) 0.84 (0.76-0.92) 0.78 (0.71-0.85) <0.0001

Fully adjusted HR (95%CI)* 1 0.96 (0.87-1.05) 1.05 (0.96-1.15) 0.92 (0.84-1.01) 0.92 (0.83-1.01) 0.051
AHEI-2010

Score points range 13-32 33-36 37-39 40-43 44-72

Death, n/person-year 1038/99,463 965/98,409 805/83,117 864/83,117 750/77,792

Age and sex adjusted HR (95%CI) 1 0.96 (088-1.05) 0.97 (0.88-1.06) 0.94 (0.86-1.03) 0.83 (0.75-0.91) <0.0001

Fully adjusted HR (95%CI)* 1 0.95 (0.88-1.05) 0.98 (0.89-1.07) 0.94 (0.86-1.03) 0.88 (0.80-0.97) 0.013
AMED

Score points range 0-2 3 4 5 6-7

Death, n/person-year 1633/122,047 1126/100,769 842/95,705 533/71,904 290/46,743

Age and sex adjusted HR (95%CI) 1 0.93 (0.86-1.00) 0.80 (0.73-0.87) 0.74 (0.67-0.82) 0.65 (0.57-0.73) <0.0001

Fully adjusted HR (95%CI)* 1 0.97 (0.90-1.05) 0.87 (0.79-0.95) 0.87 (0.78-0.96) 0.80 (0.70-0.91) <0.0001
DASH-Fung

Score points range 10-19 20-21 22-23 24-25 26-36

Death, n/person-year 1205/105,468 998/99,189 953/88,764 732/51,593 534/59,658

Age and sex adjusted HR (95%CTI) 1 0.96 (0.88-1.04) 0.86 (0.79-0.94) 0.87 (0.79-0.95) 0.68 (0.62-0.76) <0.0001

Fully adjusted HR (95%CI)* 1 0.97 (0.89-1.05) 0.90 (0.82-0.98) 0.92 (0.84-1.01) 0.77 (0.70-0.86) <0.0001
DASH-Mellen

Score points range 0-1.5 2 25 3 3.5-7

Death, n/person-year 1350/138,092 918/75,868 871/99,478 569/88,337 716/111,358

Age and sex adjusted HR (95%CTI) 1 0.90 (0.82-0.98) 0.95 (0.87-1.04) 1.02 (0.93-1.12) 1.06 (0.97-1.16) 0.045

Fully adjusted HR (95%CI)* 1 0.92 (0.84-1.01) 1.00 (0.92-1.10) 1.05 (0.95-1.15) 0.95 (0.86-1.05) 0.26
WCRF/AICR

Score points range 0.5-1.5 2 2.5 3 3.5-55

Death, n/person-year 460/34,264 1075/90,790 1073/107,909 868/92,347 940/111,577

Age and sex adjusted HR (95%CI) 1 0.86 (0.77-0.96) 0.76 (0.68-0.85) 0.74 (0.66— 0.83) 0.63 (0.56-0.70) <0.0001

Fully adjusted HR (95%CI)* 1 0.91 (0.81-1.01) 0.87 (0.78-0.98) 0.87 (0.77-0.98) 0.79 (0.70-0.90) 0.0010

HEI-2015 Healthy Eating Index; AHEI-2010 Alternative Healthy Eating Index; AMED Alternate Mediterranean Diet; DASH-Fung Dietary
Approaches to Stop Hypertension created by Fung and DASH-Mellen Mellen; and World Cancer Research Fund/American Institute for Cancer

Research index (WCRF/AICR)

#Adjusted for age (years), sex (male, female), body mass index (< 18.5, 18.5 to <25, 25 to <30, >30), formal education (yes, no), place of resi-
dence (rural, urban), smoking status (never, former, current), opium use (never, ever), physical activity (irregular non-intense, regular non-intense,
irregular or regular intense), wealth score (tertile), marital status (married, other), history of hypertension (yes, no), and total energy intake (kcal/d)
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Table 4 HRs (95% Cls) for cardiovascular mortality by quintiles of dietary scores in the Golestan Cohort Study

Quintiles of dietary scores

Cl1 Cc2 C3 C4 C5 P trend

HEI-2015

Death, n/person-year 414/102,758  299/81,484 319/81,639 251/91,120 314/79,823

Age and sex adjusted HR (95%CI) 1 0.94 (0.81-1.09)  1.03 (0.89-1.20) 0.85(0.73-0.99)  0.92 (0.80-1.07) 0.16

Fully adjusted HR (95%CI)* 1 0.97 (0.84-1.13) 1.07 (0.93-1.24) 0.88 (0.75-1.04)  1.00 (0.86-1.17) 0.69
AHEI-2010

Death, n/person-year 377/99,463 327/98,409 280/83,117 340/83,117 274/77,7192

Age and sex adjusted HR (95%CI) 1 0.90 (0.82-1.06) 0.92 (0.88-1.15)  1.01 (0.99-1.27) 0.82 (1.00-1.27) 0.076

Fully adjusted HR (95%CI)* 1 0.89 (0.77-1.03)  0.93 (0.79-1.08)  0.98 (0.85-1.14)  0.83 (0.70-0.97) 0.080
AMED

Death, n/person-year 567/122,047  402/100,769 312/95,705 197/71,904 120/46,743

Age and sex adjusted HR (95%CI) 1 0.97 (0.85-1.10)  0.87 (0.86-1.00)  0.82 (0.70-0.97)  0.81 (0.66-0.98) 0.0020

Fully adjusted HR (95%CI)* 1 1.00 (0.88-1.14)  0.93 (0.80-1.07)  0.91 (0.77-1.09)  0.93 (0.75-1.09) 0.23
DASH-Fung

Death, n/person-year 408/105,468  377/99,189 352/88,764 268/51,593 193/59,658

Age and sex adjusted HR (95%CI) 1.07 (0.93-1.22)  0.94 (0.79-1.04)  0.94 (0.80-1.10)  0.74 (0.62-0.88)  <0.0001

Fully adjusted HR (95%CI)* 1.08 (0.94-1.25) 0.96 (0.84-1.11)  0.96 (0.82-1.13)  0.77 (0.64-0.92) 0.0040
DASH-Mellen

Death, n/person-year 470/138,092  346/75,868 303/81,639 190/91,120 289/79,823

Age and sex adjusted HR (95%CI) 1 0.99 (0.85-1.16)  1.01 (0.87-1.18)  1.04 (0.89-1.22)  1.15(0.98-1.34) 0.0070

Fully adjusted HR (95%CI)? 1 1.00 (0.85-1.17)  1.04 (0.89-1.22)  1.02 (0.87-1.20)  1.11 (0.94-1.30) 0.14
WCRF/AICR

Death, n/person-year 163/34,264 397/90,790 372/107,909 308/92,347 356/111,577

Age and sex adjusted HR (95%CI) 0.94 (0.78-1.12)  0.80 (0.66-0.96)  0.82 (0.68-0.99)  0.81 (0.69-0.97) <0.0001

Fully adjusted HR (95%CI)* 0.95 (0.79-1.14)  0.95(0.71-1.04)  0.92 (0.70-1.06)  0.84(0.68-1.04) 0.080

HEI-2015 Healthy Eating Index; AHEI-2010 Alternative Healthy Eating Index; AMED Alternate Mediterranean Diet; DASH-Fung Dietary
Approaches to Stop Hypertension created by Fung and DASH-Mellen Mellen; and World Cancer Research Fund/American Institute for Cancer

Research index (WCRF/AICR)

?Adjusted for age (years), sex (male, female), body mass index (< 18.5, 18.5 to <25, 25 to <30,>30), formal education (yes, no), place of
residence (rural, urban), smoking status (never, former, current), opium use (never, ever), physical activity (irregular non-intense, regular non-
intense, irregular or regular intense), wealth score (tertile), marital status (married, other), history of hypertension (yes, no), and total energy

intake (kcal/d)

We also restricted the analysis to the participants with
more than 2 years of follow-up, and the results remained
largely unchanged (data not shown).

Discussion

This study demonstrates that participants with the highest
compared to the lowest dietary scores according to federal
US dietary guidelines, the Mediterranean diet, the DASH
diet, or WCRF/AICR recommendations had a 12-23%
decrease in overall mortality in this largely rural Iranian
population. Among the six indices, the DASH-Fung score
showed the most consistent relation with overall and cause-
specific mortality. To our knowledge this is the first study
which compares these six dietary scores in the Middle East,
where populations have different cultures and different
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constraints and excesses in their food systems compared to
the US and European populations where the scores were
developed.

Reedy et al. [5] compared four indices, the HEI-2010,
the AHEI-2010, the AMED (as defined by Fung et al. for
an American population), and the DASH-Fung in the NIH-
AARP study, and showed that higher scores in all four indi-
ces were consistently associated with lower risk of overall,
cardiovascular and cancer mortality. Harmon et al. [31].
showed the same results in the Multiethnic Cohort Study.
George et al. [32] compared the same four indices in the
Women’s Health Initiative’s Observational Study and found
similar results except that the AHEI-2010 was not associ-
ated with cancer mortality in their study. Our results are
consistent with these three studies in the U.S. population
for overall mortality; however, for cause-specific mortality,
only the AHEI-2010, and DASH-Fung scores were inversely
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Table 5 HRs (95% Cls) for cancer mortality by quintiles of dietary scores in the Golestan Cohort Study
Quintiles of dietary scores
Cl C2 C3 C4 C5 P trend

HEI-2015

Death, n/person-year 282/102,758  181/81,484 179/81,639 196/91,120 137/79,823

Age and sex adjusted HR (95%CI) 1 0.84 (0.70-1.01)  0.85(0.70-1.02)  0.84 (0.70-1.01)  0.64 (0.52-0.79)  <0.0001

Fully adjusted HR (95%CI)* 1 0.87 (0.72-1.05)  0.91 (0.75-1.10)  0.93 (0.77-1.12)  0.79 (0.64-0.98) 0.058
AHEI-2010

Death, n/person-year 232/99,463 230/98,409 188/83,117 181/83,117 145/77,792

Age and sex adjusted HR (95%CI) 1 1.02 (0.85-1.23)  1.01 (0.83-1.22)  0.89 (0.73-1.08)  0.73 (0.59-0.90) 0.0010

Fully adjusted HR (95%CI)* 1 1.04 (0.86-1.25)  1.06 (0.87-1.29)  0.94 (0.77-1.14)  0.85 (0.68-1.05) 0.10
AMED

Death, n/person-year 383/122,047  240/100,769 172/95,705 125/71,904 56/46,743

Age and sex adjusted HR (95%CI) 1 0.84 (0.71-0.99)  0.69 (0.57-0.82)  0.73 (0.60-0.90)  0.53 (0.40-0.70)  <0.0001

Fully adjusted HR (95%CI)* 1 0.86 (0.73-1.01)  0.73 (0.60-0.88)  0.82 (0.66-1.03)  0.63 (0.46-0.85) 0.0010
DASH-Fung

Death, n/person-year 299/105,468  209/99,189 200/88,764 150/51,593 117/59,658

Age and sex adjusted HR (95%CI) 1 0.81 (0.68-0.97)  0.73 (0.61-0.88)  0.72 (0.59-0.88)  0.62 (0.50-0.77)  <0.0001

Fully adjusted HR (95%CI)* 1 0.82 (0.68-0.98)  0.77 (0.64-0.92)  0.78 (0.64-0.96)  0.75 (0.60-0.93) 0.0040
DASH-Mellen

Death, n/person-year 297/138,092  201/75,868 203/81,639 137/91,120 138/79,823

Age and sex adjusted HR (95%CI) 1 0.94 (0.77-1.14)  1.01 (0.83-1.22)  1.04 (0.86-1.26)  0.81 (0.65-1.01) 0.57

Fully adjusted HR (95%CI)? 1 0.95(0.78-1.16)  1.04 (0.86-1.27)  1.08 (0.89-1.31)  0.88 (0.70-1.10) 0.36
WCRF/AICR

Death, n/person-year 87/34,264 219/90,790 276/107,909 192/92,347 200/111,577

Age and sex adjusted HR (95%CI) 1 0.96 (0.75-1.23)  1.09 (0.86-1.39)  0.94 (0.73-1.21)  0.83 (0.64-1.06) 0.0020

Fully adjusted HR (95%CI)* 1 0.98 (0.79-1.26)  1.15(0.89-1.47)  0.98(0.75-1.29)  0.87 (0.65-1.16) 0.27

HEI-2015 Healthy Eating Index, AHEI-2010 Alternative Healthy Eating Index, AMED Alternate Mediterranean Diet, DASH-Fung Dietary
Approaches to Stop Hypertension created by Fung, DASH-Mellen Mellen, WCRF/AICR World Cancer Research Fund/American Institute for

Cancer Research index

?Adjusted for age (years), sex (male, female), body mass index (<18.5, 18.5 to <25, 25 to <30, >30), formal education (yes, no), place of
residence (rural, urban), smoking status (never, former, current), opium use (never, ever), physical activity (irregular non-intense, regular non-
intense, irregular or regular intense), wealth score (tertile), marital status (married, other), history of hypertension (yes, no),and total energy

intake (kcal/d)

associated with cardiovascular mortality and only the HEI-
2015, AMED, and DASH-Fung scores were inversely asso-
ciated with cancer mortality. Also, the median scores in this
study were lower than these three U.S. studies [16]. In a
recent study in the Singapore Chinese Health Study, higher
scores in the AHEI-2010, AMED and DASH-Fung indices
were associated with lower risk of overall and cardiovascular
mortality; however, only AMED and DASH-Fung scores
were inversely associated with cancer mortality [33], con-
sistent with our results. The WCRF/AICR score has been
associated with lower overall and cancer mortality, but not
with cardiovascular mortality, in the United States [34]. In
this study the WCRF/AICR score was associated only with
overall mortality, and not with cardiovascular or cancer
mortality. As noted above, we did not include nondietary
components of the WCRF/AICR score in this study, which
may explain why the WCRF/AICR was not associated with

cancer mortality in this study, but this change allowed us to
focus on the dietary components of the score.

All the US-based dietary indices include components for
fruits, vegetables, and whole grains. However, some com-
ponents vary among dietary indices. For example, AMED
does not have sodium or added sugar or sugary drinks, DASH
and WCRF/AICR do not have fatty acids, and only WCRF/
AICR has energy density. Also, the AHEI-2010, AMED, and
WCRF/AICR indices ignore dairy products. In addition to
the components that are included, the weight of each com-
ponent is important, too. For example, AHEI-2010 assigns
more value to fatty acids (three components are related to fat),
which may explain why it was significantly associated with
CVD, and DASH-Fung assigns an equal value to each com-
ponent, which may explain the consistency of its associations
in this population. Another reason for discrepancies among
different indices’ associations could be how the scores are
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constructed. According to dietary scores using rankings of
intake, people who are in the fifth quintile of intake for each
food group or nutrient will achieve a high score in that popu-
lation, even if they do not meet the recommended intake for
that food or nutrient. For example, in this study a person who
consumed 3400 mg/day of sodium received the highest score
in the DASH-Fung index, because they were in the lowest
quintile of sodium intake in this population, even though this
is a very large intake of sodium, and they received zero points
in their HEI-2015 and WCRF/AICR scores. Therefore, differ-
ences in how the dietary scores are calculated affect the ability
of the scores to predict mortality in different populations.
The DASH score created by Mellen et al., which uses
only nutrients, was not associated with risk of mortality in
this population; however, we observed consistent and protec-
tive results with DASH-Fung scores, which are determined
by food groups, and a low correlation between these two
scores (0.19). In contrast to this study, Miller et al. [35] com-
pared four DASH scores and found a Spearman correlation
coefficient of 0.6 between DASH-Fung and DASH-Mellen in
the NIH-AARP study. This discrepancy in correlation results
could be due to several reasons. First, minerals often come
from different food sources in this population compared to
the American population, which could make the DASH-
Mellen components not reflect the food groups in the DASH-
Fung diet in this population. For example, magnesium intake
reflects grain intake rather than nut or soybean intake in
Golestan, because grains are an extremely common food in
this population. Second, using the United State Department
of Agriculture reports database may not be accurate for cal-
culating micronutrients in the Golestan population. Third,
DASH-Mellen emphasizes fat and minerals, and although
a low saturated fat diet has been reported to be associated
with lower risk of mortality [36], the associations of low
cholesterol and mineral intake with mortality are equivo-
cal [37-46]. Fourth, DASH-Mellen was different from the
other indices in its relationship with some covariables. For
example, in this study all indices’ scores were positively
associated with the GCS wealth score except for the DASH-
Mellen score, for which a higher score was associated with
a lower wealth score. The DASH-Mellen index was also
the only one in which a higher score was associated with
higher opium use, which is associated with increased risk of
mortality in this population [47]. Consistent with our results,
high dietary scores in indices based on food groups were
consistently associated with lower risk of mortality in the
Singapore Chinese Health Study, but the associations were
weak and less consistent using a nutrient-based score [33].
Table 1 shows that for HEI-2015, there was a higher
intake of red and process meat, which is usually associated
with increased total mortality, in C5 than in C1, while in
AHEI-2010 the opposite trend was evident. Such differences
in the characteristics of participants may, for example, have
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contributed to why HEI-2015 was not significantly associ-
ated with overall mortality in this population, but AHEI-
2010 was.

One limitation of this study was using a FFQ to estimate
dietary intake, which may result in misclassification and
attenuate results; however, in the GCS, four repetitions of
the FFQ and twelve 24 h recalls were implemented to vali-
date the FFQ, which should have minimized this problem.
Another limitation was collecting data on dietary intake only
at baseline, which may not reflect long-term patterns and
changes in these exposures over the course of follow-up.
Higher dietary scores may be associated with a healthier life-
style and reflect a higher socioeconomic status, which raises
a concern about residual confounding. However, to minimize
this concern, we adjusted for many potential confounders in
our multivariable models. Reverse casualty could be another
possible explanation for inverse association of diet quality
with mortality; however, results were similar after excluding
the first 2 years of follow-up, thus reducing the opportunity
for reverse causation. Opium use is not legal in Golestan;
however, opium is widely used and culturally acceptable
in Golestan especially among older people, and we previ-
ously demonstrated that opium use is accurately reported in
this population [48].For the WCRF/AICR score, we only
included the dietary components in order to make this score
comparable to the other diet-only scores. Our results may
not be generalizable to other populations. This study also
had several strengths, including the large size of the cohort,
its prospective design, long follow-up, and low (< 1%) lost
to follow-up rate.

In conclusion, our results demonstrate that in this popula-
tion, most indices of diet quality based on food groups (The
HEI-2015, AHEI-2010, AMED, DASH-Fung, and WCRF/
AICR) were inversely associated with overall mortality,
similar to the associations reported in Western populations.
However, this study suggests that nutrient-based dietary
indices (such as DASH-Mellen) designed for Western pop-
ulations may not be suitable to apply to other populations
and should probably first be validated in the populations in
which they are intended for use. The objective of this study
was not to find a superior index, but rather to clarify the dif-
ferences between the indices and their influence on evaluat-
ing populations with different dietary patterns. Our finding
of associations between higher diet quality, defined by these
indices, and lower mortality in Golestan, Iran contributes
to our understanding of the generalizability and validity of
western Dietary Guidelines for other countries. Similar stud-
ies in other populations with different dietary patterns are
warranted.
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