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Abstract

Background: Hypertension is a common chronic disease with various complications and is a main contributing
factor to cardiovascular disease (CVD). This study aimed to assess the association of diet quality, assessed by dietary
diversity score (DDS), Mediterranean dietary score (MDS), diet quality index-international (DQI-I), and healthy eating
index-2015 (HEI-2015) with the risk of hypertension.

Methods: This study recruited a total of 10,111 individuals (45.14% male) with mean age of 48.63 ± 9.57 years from
the Fasa Cohort Study, Iran. Indices of diet quality, including MDS, HEI-2015, DQI-I, and DDS were computed by a
125-item Food Frequency Questionnaire. Participants were diagnosed as hypertensive if they had a diastolic blood
pressure (DBP) ≥90 mmHg, systolic blood pressure (SBP) ≥140 mmHg,, or used antihypertensive drugs.

Results: Hypertension was prevalent in 28.3% of the population (21.59% in males and 33.74% in females). In the
whole population, after adjustment for potential covariates, including daily energy intake, age, gender, physical
activity, smoking, family history of hypertension, body mass index, and the level of education, higher adherence to
the MDS (OR: 0.86, 95%CI = 0.75–0.99) and HEI-2015 (OR: 0.79, 95%CI = 0.68–0.90) was significantly associated with
decreased risk of hypertension. The protective effect of HEI-2015 against hypertension remained significant for both
males (OR: 0.80, 95%CI = 0.64–0.99) and females (OR: 0.78, 95%CI = 0.66–0.94), while, for MDS, this relationship
disappeared in the subgroup analysis by gender. DQI-I and DDS were not related to the odds of hypertension.

Conclusions: Adhering to MDS and HEI-2015 diets could contribute to the prevention of hypertension.

Keywords: Mediterranean diet, Diet quality index-international, Healthy eating index-2015, Dietary diversity score,
Hypertension
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Background
Hypertension, as a worldwide health problem, is a main
contributing factor to cardiovascular disease (CVD) and
premature death, affecting about 1 billion adults globally
[1, 2]. In contradiction of trends reported in the USA
and northern Europe [3], evidence indicates that CVD
mortality is elevating in Iran; hypertension is prevalent
in 24% of women and 22% of men in this population [4].
It is anticipated that the burden of hypertension on
communities rises continuously along with population
ageing. Evidence has demonstrated that age, genetics,
ethnicity, gender, and socioeconomic status are risk fac-
tors for hypertension [5]; nevertheless, this disease is
modifiable [6, 7] and well-controlled blood pressure (BP)
can enhance quality of life, improve prognosis, and pre-
vent its clinical complications [8, 9].
The changes in lifestyle, such as physical activity,

weight reduction and dietary modifications are the main
approaches for the prevention and management of
hypertension [10]. Excessive consumption of dietary so-
dium, saturated fatty acids, cholesterol, and alcohol are
shown to be linked to an elevated risk of hypertension,
while intake of vegetables/fruits and foods rich in mag-
nesium, calcium, potassium, and unsaturated fatty acids
is reported to reduce blood pressure [5, 11]. Whereas
previous dietary recommendations for the prevention of
hypertension focused mainly on single micronutrients or
food items, a more effective approach for this purpose is
recommendations that cover the entire quality of diet
using dietary pattern, considering potential interactions
of food items/nutrients [12–16]. The overall quality of
diet could be assessed using the a posteriori and the a
priori methods, in which the a posteriori approaches de-
rive dietary patterns exploratory according the intake of
foods reported by the studied population, but, the a
priori approaches evaluate the adherence of participants
to a predefined healthy dietary index [17]. Dietary ap-
proach to stop hypertension (DASH) dietary pattern,
featured by low intake of salt, saturated fat, red meat,
and high intake of low-fat dairy products, fish, nuts,
fruits, whole grains, vegetables, magnesium, potassium,
calcium, and fiber, is the most effective dietary pattern
to reduce BP [18]. Moreover, evidence shows that higher
diet quality assessed by other a priori dietary indices, in-
cluding the Mediterranean dietary score (MDS), diet
quality index-international (DQI-I), healthy eating
index-2015 (HEI-2015), and dietary diversity score
(DDS) are protective against the risk of CVD [19–22].
Nevertheless, the relation of these indices to hyperten-
sion is not well-established.
The Fasa Cohort Study [23] provided this opportunity

to evaluate diet–disease associations from an epidemio-
logical standpoint. The present analysis was conducted
to explore the relation of MDS, HEI-2015, DQI-I, and

DDS to the risk of hypertension in an Iranian
population.

Methods
Study population
This study was cross-sectional in design, which used the
data of the Fasa Cohort Study as a branch of the Pro-
spective Epidemiological Research Study in Iran (PERS
IAN) cohort [24], designed to examine factors predicting
chronic non-communicable diseases. Detailed protocol
of the Fasa Cohort Study is reported previously [23]. It
was performed during November 2014 and June 2019.
In summary, among a total of 41,000 persons resident in
rural regions of Sheshdeh, a district from Fasa County,
11,097 individuals aged 35 to 70 years were included.
Subjects were included if they were not physically or
mentally disabled, aged 35–70 years, and lived in Shesh-
deh district ≥9 months each year. All subjects had a
similar socioeconomic level. For this study, after exclud-
ing 985 subjects (8.88%) due to incomplete data on diet-
ary intake and BP as well reporting unusual daily energy
intake (±3 SD of mean energy intake), a total of 10,112
subjects (7254 participants without hypertension and
2858 participants with hypertension) finally participated
in the study. Subjects were invited by healthcare experts
working in the rural health system to obtain blood sam-
ples, BP, dietary intake and general information. All indi-
viduals participating in the study signed a written
consent. The Ethics Committee of Shiraz University of
medical sciences, Shiraz, Iran approved the protocol of
the study (code: IR.FUMS.REC.1399.500).

Dietary intake assessment
A validated 125-item Food Frequency Questionnaire
(FFQ) [25] was applied to assess the usual dietary intake
of subjects through a face to face interview by the same
expert nutritionist. The FFQ used in our study was
modified in accordance with the Iranian food culture, in
which participants were asked to report the frequency
and amount of each food item on daily, weekly, monthly,
and yearly bases through the past year. All of the portion
sizes or household measures for each food were con-
verted to grams/day of consumption. Then, energy and
nutrient contents of foods were calculated using the Nu-
tritionist IV software (version 7.0).

Healthy eating index-2015 (HEI-2015)
HEI-2015 was calculated using the technique described
by Krebs-Smith et al. [26], considering the intake of 13
dietary components including whole fruits, total fruits,
total protein foods, total vegetables, seafood and plant
proteins, greens and beans, whole grains, dairy products,
fatty acids, refined grains, sodium, added sugars and sat-
urated fats. Consumption of the first six components
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was scored between 0 and 5, while other components re-
ceived a score from 0 to 10 in proportion to the intake
of related foods. For the first 9 components, subjects
with the highest intake were given the highest score and
those consuming lowest intake received the lowest score,
while for sodium, saturated fats, added sugars, as well as
refined grains, the participants who consumed the high-
est amount of the related item were given the lowest
score proportionally. The score of all components was
added together to calculate the total score of the HEI-
2015, ranging between 0 and 100.

Mediterranean dietary score (MDS)
The MDS was calculated based on the method of Tri-
chopoulou (2003) et al. [27]. Its components include le-
gumes, fruits and nuts, vegetables, the ratio of
monounsaturated fatty acids to saturated fatty acids
(MUFA/SFA), cereals, dairy products, fish, alcohol, and
red and processed meats. In this study, due to the low
reporting of alcohol intake in Iranians as well as the ab-
sence of alcohol in the Iranian FFQ, the modified model
of the MDS was applied, in which alcohol consumption
was not included in the calculations. According to the
median intake of the mentioned components, a score of
0 or 1 was given to each factor as follows: for vegetables,
fish, cereals, legumes, a high ratio of MUFA/SFA, and
fruits and nuts, those with consumption equal to or
lower than the median received score of 0, and 1 other-
wise. For other components, individuals whose con-
sumption were below or equal to the median were given
a value of 1, and 0 otherwise. Finally, the scores of all
the components were added together to obtain the total
score of the MDS. The total score ranged between 0 and
8 and a higher score correspond to greater adherence to
the MDS.

Diet diversity score (DDS)
DDS was calculated using the protocol of Kant et al.
[28] based on the intake of five food groups including
bread-grains, fruits, vegetables, dairy products, and
meats. These groups were divided into 23 subgroups in
order to represent the dietary diversity across the groups
of the Food Guide Pyramid. Bread-grains group was di-
vided into seven subgroups (biscuits, refined bread,
whole bread, macaroni, refined flour, corn flakes, and
rice), vegetable group divided into seven subgroups (to-
mato, potato, vegetable, yellow vegetables, green vegeta-
bles, other starchy vegetables, legumes), dairy group
divided into three subgroups (milk, cheese, and yogurt),
fruits group divided into two subgroups (fruit juices and
fruits), and four subgroups were considered for meat
group (eggs, poultry, red meat, and fish). Participants
were considered as consumer of one food group if they
consumed at least one-half serving daily as described by

the Food Pyramid quantity criteria. The maximum score
of 2 was assigned to each group and the total DDS
ranged between of 0 and 10.

Diet quality index-international (DQI-I)
According to the method of Kim et al. [29], the DQI-I
was estimated using four features of a healthy diet com-
prising moderation, balance, variety, and adequacy. The
total score of DQI-I is 100 and a higher score represents
a higher quality of diet.

Assessment of other variables
BP was measured by an expert nurse 15-min resting in a
sitting position (sphygmomanometer, mercury, ALPK1,
Japan) and was repeated after an additional 15 min. The
average of two assessments was recorded as the final BP.
Participant were diagnosed as hypertension if they had a
diastolic blood pressure (DBP) ≥90mmHg, systolic blood
pressure (SBP) ≥140 mmHg,, or used antihypertensive
drugs. Physical activity was assessed by the International
Physical Activity Questionnaire (IPAQ) and reported as
metabolic equivalent hour per day (MET. h/day). Weight
and height were evaluated with the use of a digital scale
and body mass index (BMI) was computed by dividing
the weight (kg) by height squared (m2). Waist circum-
ference (WC) and hip circumference (HC) were mea-
sured using a constant tension tape with a precision of
0.1 cm at the level of the umbilicus and the widest point
over the buttocks, respectively.

Statistical analysis
Subjects were categorized based on the quartiles of
scores of dietary indices. Differences in quantitative and
qualitative variables across quartile of scores of dietary
indices were evaluated using the One-way analysis of
variance (ANOVA) and I2 tests for quantitative and
qualitative variables, respectively. Odds ratio (OR) and
95% confidence interval (CI) for the relation of dietary
indices to the risk of hypertension was computed using
the binary logistic regression analysis. Model 1 was con-
troled for daily energy intake; model 2 was adjusted for
dietary energy intake as well as age and gender; and
model 3 included covariates adjusted for in model 2 plus
physical activity (continuous), smoking (yes/no), family
history of hypertension (yes/no), body mass index, and
education level (years of education). All statistical tests
were conducted by using of SPSS (version 18). P value <
0.05 was considered as significant.

Results
A total of 10,112 individuals (45.14% male), with mean
age of 48.63 ± 9.57 years, participated in this study. The
prevalence of hypertension among the study population
was 28.26% (21.59% in males and 33.74% in females).
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It was observed that in men and women with hyper-
tension compared with those with normal blood pres-
sure, the means of age, weight, waist to hip ratio (WHR),
BMI, SBP, and DBP were significantly higher, but their
education, height, and physical activity were significantly
lower. Also, the frequency distribution of individuals in
terms of history of diabetes, alcohol consumption, active
smoking, taking supplements, and history of ischemic
heart disease were significantly higher in men with hype-
tension compared with men with normal BP. For women
with hypertension compared with those with normal
blood pressure, the frequency distribution of individuals
in terms of history of diabetes, alcohol consumption, ac-
tive smoking, taking supplements, and history of ische-
mic heart disease were significantly lower in women
with hypetension compared with women with normal
BP. Also, in the groups with high blood pressure, com-
pared to the groups with normal blood pressure, the
mean score of DDS, MDS, DQI-I, and HEI-2015 was
lower (Table 1).
The characteristics of study participants among differ-

ent quartiles of dietary indices stratified by hypertension
status are reported in supplemental Tables 1, 2, 3 and 4.
Both subjects with and without hypertension in the top
quartile of MDS, compared with those in the first quar-
tile, were more likely to have higher height, physical ac-
tivity, be male, and be active smoker, while, they were
less educated, and had a fewer prevalence for diabetes
and dietary supplements use (P < 0.05). In contrast to
hypertensive subjects, normotensive individuals in the
top quartile of MDS had a lower age, family history of
diabetes and hypertension, and a healthier profile for
obesity measures (weight, WC, BMI, and HC) (P < 0.05)
(supplemental Table 1). Both normotensive and hyper-
tensive individuals with greater adherence to HEI-2015
were younger, had lower WC and obesity rates, diabetes,
and ischemic heart disease, in comparison to those from
lower levels (P < 0.05). In hypertensive patients, there
were more subjects with a family history of hypertension
among those with the highest scores of HEI-2015 than
those with the lowest scores (P = 0.04). In contradiction
of hypertensive participants, normotensive people in the
highest HEI-2015 quartile had lower weight, HC, and
BMI, while were more likely to have a family history of
diabetes as well as to be physically active, male, and
smoker, than those in lower quartiles (P < 0.05) (supple-
mental Table 2). For DDS, it was identified that, irre-
spective to hypertension status, with increase in
adherence to DDS, the levels of education, height, obes-
ity measures (weight, WC, BMI, and HC), physical activ-
ity, and the frequency of males, smoker and married
participants increased, but, age and DBP decreased (P <
0.05). For subjects without hypertension, higher score
for DDS was significantly related to a lower frequency of

alcohol drinking and supplement use (P < 0.05). In
hypertensive patients, there were less subjects with a
family history of ischemic heart disease among those
with the highest scores of DDS than those with the low-
est scores (P ≤ 0/001) (supplemental Table 3). Moreover,
regardless of hypertension status, increase in DQI-I was
significantly related to a lower education level and a re-
duction in diabetes prevalence, obesity rate and obesity-
related parameters (weight, WC, BMI, and HC). It was
also observed that in normotensive people, higher score
for DQI-I was significantly related to a lower systolic
and diastolic BP and a decreased likelihood to be mar-
ried, but the rate of smoking increased (P < 0.05). Hyper-
tensive patients with higher adherence to the DQI-I had
significantly lower physical activity level, compared with
those with a low adherence (supplemental Table 4).
Multivariable-adjusted odds ratio and 95% CI for

hypertension across quartiles of dietary indices for the
whole population, males, and females are presented in
Table 2. In the analysis of the whole population, after
controlling for potential covariates including daily en-
ergy intake, age, gender, physical activity, smoking, fam-
ily history of hypertension, BMI, and the level of
education, a significant negative association was identi-
fied between MDS (OR: 0.86, 95%CI = 0.75–0.99; P-
trend = 0.03) and HEI-2015 (OR: 0.79, 95%CI = 0.68–
0.90; P-trend ≤0.001) with the risk of hypertension in
the highest quartile compared with the lowest quartile.
In addition, in the stratified analysis by gender, HEI-
2015 remained as a significant preventive dietary ap-
proach against hypertension in both males (OR: 0.80,
95%CI = 0.64–0.99; P-trend = 0.05) and females (OR:
0.78, 95%CI = 0.66–0.94; P-trend = 0.04). The relation of
MDS to hypertension was disappeared in the fully ad-
justed model for males and females. However, it
remained significant in the model adjusted for daily en-
ergy intake and age (males: OR: 0.72, 95%CI = 0.58–0.89;
P-trend = 0.008, females: OR: 0.80, 95%CI = 0.68–0.95;
P-trend = 0.01). No significant relationship was detected
between DQI-I and DDS with the odds of hypertension
in the overall analysis and the stratified analysis by
gender.

Discussion
In the present study, we assessed the relation of four a
priori defined diet quality indices, including MDS, DQI-
I, HEI- 2015, and DDS to the risk of hypertension in a
large population of Iranian adults. The findings revealed
that people in the highest quartile of MDS and HEI-
2015, compared with individuals in the lowest quartile,
had significantly lower odds for having hypertension,
but, no such relationship was observed for DQI-I and
DDS. Furthermore, higher adherence to MDS, DQI-I,
and HEI-2015 was associated with a significant decrease
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Table 1 Distribution of baseline variables and mean score of dietary indices in men and women with and without hypertension

Men (n = 4565) Women (n = 5547)

total With hypertension
(n = 986)

Without hypertension
(n = 3579)

P-
value

With hypertension
(n = 1872)

Without hypertension
(n = 3675)

P-
value

Age (year)a 48.63 ±
9.57

53.81 ± 9.97 47.19 ± 9.00 ≤0.001 53.62 ± 9.16 46.11 ± 8.64 ≤0.001

Education (year)a 4.66 ±
3.88

4.99 ± 4.23 6.05 ± 4.09 ≤0.001 2.51 ± 2.90 4.32 ± 3.42 ≤0.001

Height (cm)a 161.67 ±
9.65

168.16 ± 6.44 169.19 ± 7.09 ≤0.001 155.17 ± 6.60 155.92 ± 7.29 ≤0.001

Wight (kg)a 67.02 ±
13.32

74.68 ± 13.64 67.72 ± 13.37 ≤0.001 67.44 ± 12.86 64.04 ± 12.45 ≤0.001

WHRa 0.93. ±
0.06

0.94 ± 0.06 0.9 ± 0.06 ≤0.001 0.96 ± 0.06 0.93 ± 0.06 ≤0.001

BMI(kg/m2)a 25.64 ±
4.85

26.36 ± 4.34 23.59 ± 4.26 ≤0.001 27.94 ± 4.94 26.28 ± 4.73 ≤0.001

Physical activity(MET)a 41.47 ±
11.34

42.81 ± 13.67 45.84 ± 14.42 ≤0.001 37.72 ± 6.49 38.77 ± 6.81 ≤0.001

DBP (mmHg)a 74.65 ±
11.99

87.66 ± 11.81 70.69 ± 8.85 ≤0.001 83.93 ± 12.37 70.28 ± 8.98 ≤0.001

SBP (mmHg)a 111.36 ±
18.50

131.16 ± 18.29 104.83 ± 12.30 ≤0.001 127.98 ± 20.12 103.94 ± 12.50 ≤0.001

Marital statusb 0.06 0.001

Non-married 1118 96 (2.7) 16 (1.6) 620 (16.9) 386 (20.6)

Married 8994 3483 (97.3) 970 (98.4) 3055 (83.1) 1486 (79.4)

History of diabetesb 1244 185 (5.2) 169 (17.1) ≤0.001 400 (10.9) 490 (26.2) ≤0.001

History of ischemic heart
disease b

1098 202 (5.6) 200 (20.3) ≤0.001 247 (6.7) 449 (24.0) ≤0.001

Alcohol drinkerb 210 179 (5.0) 31 (3.1) 0.01 0 (0.0) 0 (0.0) –

Active smokingb 2735 2025 (56.6) 432 (43.8) ≤0.001 133 (3.6) 145 (7.7) ≤0.001

Supplement useb 1647 382 (10.7) 74 (7.5) 0.003 871 (23.7) 320 (17.1) ≤0.001

Obesity status b ≤0.001 ≤0.001

Underweight BMI<18.4) 576 396 (11.1) 28 (2.9) 128 (3.5) 24 (1.3)

Normal weight
(BMI = 18.5–24.9)

4119 1890 (53.0) 355 (36.2) 1371 (37.4) 503 (27.0)

overweight (BMI = 25–29.9) 3613 1033 (29.0) 417 (42.5) 1413 (38.5) 750 (40.2)

obese (BMI ≥ 30) 5474 247 (6.9) 181 (18.5) 757 (20.6) 589 (31.6)

Family history of diabetesb 4498 1397 (39.0) 430 (43.6) 0.009 1754 (47.7) 917 (49.0) 0.37

Family history of
hypertensionb

6394 2008 (56.1) 651 (66.0) ≤0.001 2351 (64.0) 1384 (73.9) ≤0.001

Family history of ischemic
heart diseaseb

5369 1699 (47.5) 456 (46.2) 0.49 2127 (57.9) 1087 (58.1) 0.89

DQI-I scorea 54.77 ±
11.66

54.62 ± 11.40 58.33 ± 11.75 ≤0.001 53.95 ± 11.67 54.79 ± 11.76 0.01

HEI-2015 scorea 50.00 ±
11.41

48.77 ± 10.85 51.99 ± 11.54 ≤0.001 49.72 ± 11.57 51.83 ± 11.72 ≤0.001

DDS scorea 4.79 ±
1.96

5.20 ± 1.90 5.26 ± 1.95 0.40 4.23 ± 1.91 4.51 ± 1.88 ≤0.001

MDSa 4.50 ±
1.52

4.29 ± 1.50 4.44 ± 1.50 0.008 4.58 ± 1.50 4.74 ± 1.56 ≤0.001

Quantitative variables are reported as mean ± standard deviation and for qualitative as frequency (percentage)
aIndependent samples t test, b χ2 test
DDS dietary diversity score, MDS Mediterranean dietary score, DQI-I diet quality index-international, HEI-2015 healthy eating index-2015, BMI Body mass
index, SBP Systolic blood pressure, DBP diastolic blood pressure, WHR waist to hip ratio
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Table 2 Logistic regression analysis for the relationship between diet quality indices and the risk of hypertension in the whole
population (N = 10,112), males (N = 4565), and females (N = 5547)

whole
population

Model 1 Model 2 Model 3

OR (95% CI) P-value OR (95% CI) P-value OR (95% CI) P-value

MDS Quartile 1 1 1 1

Quartile 2 0.94 (0.83–1.06) 0.35 0.97 (0.85–1.11) 0.73 1.03 (0.90–1.18) 0.63

Quartile 3 0.80 (0.71–0.91) 0.001 0.81 (0.71–0.93) 0.003 0.88 (0.77–1.01) 0.08

Quartile 4 0.79 (0.70–0.89) ≤0.001 0.76 (0.67–0.87) ≤0.001 0.86 (0.75–0.99) 0.03

P -trend ≤0.001 ≤0.001 0.03

HEI-2015 Quartile 1 1 1 1

Quartile 2 0.53 (0.47–0.60) ≤0.001 0.83 (0.73–0.95) 0.007 0.91 (0.79–1.04) 0.17

Quartile 3 0.62 (0.55–0.69) ≤0.001 0.72 (0.63–0.81) ≤0.001 0.80 (0.70–0.91) 0.001

Quartile 4 0.75 (0.66–0.85) ≤0.001 0.66 (0.58–0.75) ≤0.001 0.79 (0.68–0.90) 0.001

P -trend ≤0.001 ≤0.001 ≤0.001

DDS Quartile 1 1 1 1

Quartile 2 0.91 (0.81–1.03) 0.15 1.01 (0.89–1.15) 0.78 0.97 (0.84–1.11) 0.65

Quartile 3 0.95 (0.84–1.08) 0.49 1.08 (0.94–1.23) 0.25 0.95 (0.82–1.09) 0.48

Quartile 4 0.86 (0.75–0.99) 0.04 1.07 (0.92–1.24) 0.37 0.93 (0.79–1.09) 0.39

P -trend 0.19 0.65 0.84

DQI-I Quartile 1 1 1 1

Quartile 2 0.83 (0.62–1.13) 0.25 0.87 (0.64–1.18) 0.39 0.86 (0.63–1.18) 0.37

Quartile 3 0.80 (0.57–1.11) 0.19 0.83 (0.60–1.17) 0.29 0.87 (0.62–1.24) 0.46

Quartile 4 0.76 (0.53–1.09) 0.14 0.83 (0.57–1.19) 0.31 0.90 (0.61–1.31) 0.58

P -trend 0.41 0.67 0.81

Males MDS Quartile 1 1 1 1

Quartile 2 0.92 (0.75–1.13) 0.47 0.94 (0.76–1.17) 0.61 0.99 (0.79–1.24) 0.97

Quartile 3 0.82 (0.67–1.01) 0.06 0.80 (0.64–0.99) 0.04 0.88 (0.71–1.11) 0.30

Quartile 4 0.77 (0.63–0.93) 0.01 0.72 (0.58–0.89) 0.002 0.88 (0.70–1.09) 0.25

P -trend 0.04 0.008 0.50

HEI-2015 Quartile 1 1 1 1

Quartile 2 0.71 (0.58–0.87) 0.001 0.78 (0.63–0.96) 0.01 0.89 (0.72–1.11) 0.33

Quartile 3 0.52 (0.42–0.63) ≤0.001 0.60 (0.49–0.74) 0.001 0.75 (0.60–0.93) 0.009

Quartile 4 0.48 (0.39–0.59) ≤0.001 0.59 (0.48–0.73) 0.001 0.80 (0.64–0.99) 0.05

P -trend ≤0.001 ≤0.001 0.05

DDS Quartile 1 1 1 1

Quartile 2 1.02 (0.82–1.28) 0.82 1.07 (0.87–1.39) 0.39 0.99 (0.77–1.27) 0.96

Quartile 3 1.19 (0.95–1.49) 0.11 1.26 (0.99–1.60) 0.06 1.05 (0.82–1.34) 0.69

Quartile 4 1.08 (0.86–1.37) 0.47 1.25 (0.98–1.59) 0.06 1.00 (0.77–1.30) 0.97

P -trend 0.35 0.16 0.95

DQI-I Quartile 1 1 1 1

Quartile 2 0.72 (0.42–1.21) 0.22 0.81 (0.47–1.40) 0.46 0.81 (0.45–1.46) 0.49

Quartile 3 0.50 (0.27–0.92) 0.02 0.54 (0.29–1.01) 0.06 0.68 (0.34–1.35) 0.27

Quartile 4 0.69 (0.34–1.39) 0.30 0.81 (0.39–1.68) 0.58 0.96 (0.42–2.20) 0.94

P -trend 0.16 0.30 0.70

Females MDS Quartile 1 1 1 1

Quartile 2 0.98 (0.84–1.14) 0.81 0.99 (0.84–1.17) 0.98 1.05 (0.89–1.25) 0.51

Motamedi et al. Nutrition Journal           (2021) 20:57 Page 6 of 10



in obesity-related parameters including weight, WC,
BMI, and HC. In contrast, greater score for DDS was re-
lated to an increase in obesity rates.
In the studied population of the present study, which

included middle-aged/elderly people in Iran (aged from
35 to 70), hypertension was more prevalent among fe-
males than men. In line with our study, in a study in
India, hypertension was more prevalent among Elderly
females than men [30]. It is worth noting that the mean
BMI (26.84 ± 4.86 vs. 24.19 ± 4.42) and WHR (94.88 ±
6.19 vs. 91.54 ± 6.33) were significantly higher in women
compared with men in our study. Higher BMI and
WHR have been strongly related to increased BP [31];
this might, in part, justify higher prevalence of hyperten-
sion observed in females in this study.
It has been proposed that high-quality diets, such as

the MDS and HEI, may prevent development of hyper-
tension in healthy people and could further reduces
blood pressure in hypertensive people who use antihy-
pertensive drugs [9, 32]. A recent meta-analysis found
that intervention with the Mediterranean diet for 1 year
decreased both SBP and DBP [33]. Supporting our re-
sults, the study by Shim et al. [9] reported that a high
adherence to the Korean version of HEI is favorably re-
lated to BP control in men with physician-diagnosed

hypertension. Moreover, the cross sectional study of
Saraf-Bank et al. [34] revealed that a greater adherence
to HEI-2010 is negatively liked to high BP among Iran-
ian adult women. Nevertheless, the study by Daneshzad
et al. [35] found no association between HEI and mean
systolic and diastolic BP. Both MDS and HEI-2015 have
many similarities and emphasize on high intake of fish,
fruits, vegetables, monounsaturated fat, legumes, whole
grains, and low consumption of saturated fatty acids.
They also differ in some components such that the MDS
scores dairies negatively but HEI-2015 scored diaries
positively [26, 27]. Furthermore, HEI-2015 recommends
lowers intakes for added sugars, refined grains, and so-
dium [26], which its association with hypertension is
established [36]. These diet are rich in fiber and have a
low energy density and low glycemic load, all of which
are p[protective against hypertension [37]. The favorable
impacts of vegetables/fruits on hypertension has been
also demonstrated [38]. This relationship could also be
attributed to potential healthy constituents such as phy-
tochemicals, fibers, vitamins, magnesium, and potassium
and antioxidants in vegetables and fruits [39], which
have been independently related to a reduction in BP
[40–42]. The study by Shah et al. [43] proposed lower
inflammation, lower endothelial oxidative stress, and

Table 2 Logistic regression analysis for the relationship between diet quality indices and the risk of hypertension in the whole
population (N = 10,112), males (N = 4565), and females (N = 5547) (Continued)

whole
population

Model 1 Model 2 Model 3

OR (95% CI) P-value OR (95% CI) P-value OR (95% CI) P-value

Quartile 3 0.82 (0.70–0.96) 0.01 0.83 (0.70–0.98) 0.03 0.89 (0.75–1.07) 0.22

Quartile 4 0.86 (0.73–1.01) 0.06 0.80 (0.68–0.95) 0.01 0.87 (0.73–1.04) 0.14

P -trend 0.04 0.01 0.13

HEI-2015 Quartile 1 1 1 1

Quartile 2 0.79 (0.68–0.92) ≤0.001 0.87 (0.74–1.03) 0.11 0.92 (0.75–1.09) 0.35

Quartile 3 0.72 (0.62–0.84) ≤0.001 0.80 (0.67–0.94) 0.008 0.84 (0.71–1.008) 0.06

Quartile 4 0.60 (0.51–0.70) ≤0.001 0.71 (0.60–0.83) 0.001 0.78 (0.66–0.94) 0.008

P -trend 0.004 0.001 0.04

DDS Quartile 1 1 1 1

Quartile 2 0.91 (0.79–1.06) 0.24 1.04 (0.89–1.22) 0.58 0.99 (0.84–1.18) 0.99

Quartile 3 0.88 (0.75–1.03) 0.13 1.05 (0.88–1.24) 0.56 0.93 (0.78–1.12) 0.47

Quartile 4 0.79 (0.66–0.96) 0.01 1.08 (0.88–1.32) 0.45 0.92 (0.74–1.14) 0.45

P -trend 0.11 0.88 0.80

DQI-I Quartile 1 1 1 1

Quartile 2 0.89 (0.61–1.28) 0.54 0.91 (0.62–1.31) 0.61 0.89 (0.60–1.30) 0.56

Quartile 3 0.94 (0.63–1.40) 0.78 0.97 (0.64–1.45) 0.88 1.00 (0.66–1.52) 0.97

Quartile 4 0.77 (0.50–1.18) 0.24 0.82 (0.53–1.26) 0.37 0.86 (0.55–1.33) 0.50

P -trend 0.69 0.81 0.84

MDS Mediterranean diet score, HEI-2015 healthy eating index-2015, DDS diet diversity score, DQI-I diet quality index international
Model 1: Adjusted for daily energy intake
Model 2: Adjusted for daily energy intake, age, and gender
Model 3: Adjusted for daily energy intake, age, gender, physical activity, smoking, family history of hypertension, body mass index, and level of education
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greater endothelial functioning as potential novel under-
lying mechanisms through which components of MDS
might affects vascular changes related to improved car-
diovascular risk.
There are very limited evidence regarding the relation

of DDS and DQI-I to BP. Some previous studies re-
ported lower systolic or diastolic BP in higher catego-
rizes of DDS and DQI-I [21, 44]. A cross-sectional study
of 82 adults living in Saba Island in the eastern Carib-
bean Basin identified a significant link between a diet
with poor diversity and the increased risk of hyperten-
sion [44]. In contrast, a cross-sectional study on 230
Iranian women with type 2 diabetes identified no signifi-
cant difference in SBD and DBP across categorizes of
DQI-I [35]. In this study we found that, compared with
individuals in the lowest quartile, people in the top quar-
tile of the DDS had significantly lower mean of DBP,
and for DQI-I, had a lower mean of both systolic and
diastolic BP; nevertheless, multivariable adjusted logistic
regression analysis found no significant association be-
tween DDS, DQI-I and hypertension. It should be con-
sidered that the results of logistic regression analysis is a
more reliable as large sample size of the study makes
small differences in means as significant; hence this
study concluded a null association between DDS, DQI-I
and risk of hypertension. The heterogeneity in the re-
sults of this study campared with the previous studies
might be due to differences in sample size, method used
to assess dietary intake, study design, health status of
participants, different level of adjustment for con-
founders, and method of data analysis.
In line with our study, some studies [4, 21], but not all

[45], reported that higher DDS is related to higher
prevalence of obesity. This association is expectable as
consumption of a more varied diet is linked to higher
nutritional adequacy, greater intake of macronutrients
and also energy [46], proposing that intake of a large
number of foods may result in a higher calorie intake,
and thus, obesity [21]. It is notable that the MDS, DQI-I,
and HEI-2015 were related to a healthier profile for
obesity measures, which has also been observed in some
previous investigations [47–49]. These negative relation-
ships with obesity parameters were expected, as these
dietary patterns are rich in fiber and have low energy
density and low glycemic load, all of which have a pro-
tective effect against obesity [50, 51]. However, the asso-
ciation of these dietary patterns on health outcomes is
derived from the interaction of all components and
could not be attributed to a single food item. The pro-
spective study by Funtikova et al. [52] on 2181 partici-
pants revealed that, during a 10-year follow-up, a higher
DQI score at baseline related to a decrease in WC. An-
other study on Chinese diabetic patients showed that the
HEI, but not DQI-I, score had a negative relationship

with obesity [53]. In a cross-sectional study recruiting
1062 Mexican women, with age between 35 to 69 years,
MED was linked with lower WC whereas other a priori
dietary patterns (DQI –I and HEI) were not predictors
of anthropometric measures [54]. Moreover, unlike our
findings, adherence to HEI, MDS, and DQI-I could not
predict BMI and WC in Tehran Lipid and Glucose Study
after 6.7 years of follow-up [55]. The capability of dietary
indices to predict obesity measures relies on how well
these indices correlate with dietary energy intake as the
chief cause of obesity. However, these indices do not as-
sign negative scores to excessive energy intakes; this
limitation makes it difficult to reach a consistent conclu-
sion across studies. The discrepancies regarding the rela-
tion of diet quality indices to obesity-related parameters
may also be derived from differences in genetic back-
ground, interaction of gene-environmental factors, and
difference in adjustment for potential confounders and
disease pattern in various studies.
The strengths of the present study are its large popula-

tion representative sample derived from a recent nation-
wide study and consideration of the potential covariates
in the analysis. Moreover, another positive point of this
study is face to face interview for data collection of FFQ,
which makes the data more reliable. Also, conducting
the anthropometric measurements instead of self-
reporting can be considered as a strength. However,
there are several limitations in this study that should be
considered when inferring the findings. First, since our
study had a cross-sectional design, causal association
could not be inferred; although, cross-sectional studies
provide valuable data on diet–disease associations. Fu-
ture longitudinal studies can provide stronger evidence
in this regard. Second, FFQ is susceptible to recall bias,
such that subjects might under- or overestimate their
food intake resulting in misclassification of food intake.
As a structured dietary assessment method, the FFQ is
less precise than methods of daily intake such as 24-h
recalls and food records. Although 24-h food recall is
used mostly in calculating HEI-2015, there are several
well-designed studies that have used FFQ for calculating
HEI-2015 [56]. Because of severe attenuation, both FFQ
and multiple 24-h recalls cannot be recommended as an
instrument for evaluating relations between absolute in-
take of diet and disease. These instruments could be
used for detecting diet-disease association when consid-
ering the relative dietary intake of participants. Finally,
however it was attempted to control for known covari-
ates, the probability of residual confounding could not
be omitted in our results.

Conclusions
In conclusion, this study proposes that greater adher-
ence to MDS and HEI-2015 diets, but not DQI-I and
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DDS, reduces the risk of hypertension. In addition,
higher adherence to MDS, DQI-I, and HEI-2015 as well
as lower score for DDS was related to a healthier profile
for obesity measures. Further investigations, in particular
prospective cohort studies, are required to confirm these
conclusions.

Abbreviations
CVD: Cardiovascular disease; DDS: Dietary diversity score;
MDS: Mediterranean dietary score; DQI-I: Diet quality index-international; HEI-
2015: healthy eating index-2015; DBP: Diastolic blood pressure; SBP: Systolic
blood pressure; DASH: Dietary approach to stop hypertension; BP: Blood
pressure; PERSIAN: the Prospective Epidemiological Research Study in Iran;
FFQ: Food Frequency Questionnaire; MUFA/SFA: Monounsaturated fatty acids
to saturated fatty acids; IPAQ: International Physical Activity Questionnaire;
BMI: Body mass index; WC: Waist circumference; HC: Hip circumference;
ANOVA: One-way analysis of variance; OR: Odds ratio; CI: Confidence interval

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s12937-021-00717-1.

Additional file 1: Supplemental Table 1. Distribution of baseline
variables based on the quartiles of Mediterranean diet score in subjects
with and without hypertension. Supplemental Table 2. Distribution of
baseline variables based on the quartiles of Healthy eating index-2015
score in subjects with and without hypertension. Supplemental Table 3.
Distribution of baseline variables based on the quartiles of Diet diversity
score in subjects with and without hypertension. Supplemental Table 4.
Distribution of baseline variables based on the quartiles of Diet quality
index-international score in subjects with and without hypertension.

Acknowledgements
The authors appreciate all people that patiently contributed to this study.

Authors’ contributions
Conceptualization: Maryam Ekramzadeh, Amir Motamedi. Methodology:
Maryam Ekramzadeh, Reza Homayounfar, Ehsan Bahramali, Mojtaba Farjam.
Software: Amir Motamedi, Ehsan Bahramali, Mojtaba Farjam. Data curation:
Maryam Ekramzadeh, Reza Homayounfar, Mojtaba Farjam. Writing (original
draft): Amir Motamedi, Maryam Ekramzadeh. Writing (review and editing):
Reza Homayounfar, Ehsan Bahramali, Mojtaba Farjam. All authors read and
approved the final manuscript.

Funding
This research was extracted from the MSc dissertation written by Amir
motamedi and Shiraz University of Medical Sciences supported the project
financially (Grant number:. 98–01–84-21503).

Availability of data and materials
The datasets used and/or analyzed during the current study are available
from the corresponding author by email.

Declarations

Ethics approval and consent to participate
All the participants gave written informed consent to participate in the
study. The present study was conducted in terms of the principles of the
revised Declaration of Helsinki, which is a statement of ethical principles that
directs physicians and other participants in medical research involving
human subjects. The participants were assured about their anonymity and
confidentiality of their information. Moreover, the study was approved by
the Institutional Research Ethics Committee of Shiraz University of Medical
Sciences, Shiraz, Iran (code: IR.FUMS.REC.1399.500). The correspond author is
responsible for data access and there is not need to any administrative
permissions.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no conflict of interest.

Author details
1Student Research Committee, Shiraz University of Medical Sciences, Shiraz,
Iran. 2Nutrition Research Center, Department of Clinical Nutrition, School of
Nutrition and Food Sciences, Shiraz University of Medical Sciences, Shiraz,
Iran. 3Noncommunicable diseases research center, Fasa university of medical
sciences, Fasa, Iran. 4Faculty of Nutrition Sciences and Food Technology,
National Nutrition and Food Technology Research Institute Shahid Beheshti
University of Medical Sciences, Tehran, Iran.

Received: 18 January 2021 Accepted: 12 June 2021

References
1. Emami MR, Safabakhsh M, Alizadeh S, Asbaghi O, Khosroshahi MZ. Effect of vitamin

E supplementation on blood pressure: a systematic review and meta-analysis. J
Hum Hypertens. 2019;33(7):499–507. https://doi.org/10.1038/s41371-019-0192-0.

2. Schwingshackl L, Chaimani A, Schwedhelm C, Toledo E, Pünsch M,
Hoffmann G, et al. Comparative effects of different dietary approaches on
blood pressure in hypertensive and pre-hypertensive patients: a systematic
review and network meta-analysis. Crit Rev Food Sci Nutr. 2019;59(16):2674–
87. https://doi.org/10.1080/10408398.2018.1463967.

3. Kromhout D. Epidemiology of cardiovascular diseases in Europe. Public
Health Nutr. 2001;4(2b):441–57. https://doi.org/10.1079/PHN2001133.

4. Azadbakht L, Mirmiran P, Esmaillzadeh A, Azizi F. Dietary diversity score and
cardiovascular risk factors in Tehranian adults. Public Health Nutr. 2006;9(6):
728–36. https://doi.org/10.1079/PHN2005887.

5. de Oliveira EP, de Camargo KF, Castanho GKF, Nicola M, Portero-McLellan
KC, Burini RC. Dietary variety is a protective factor for elevated systolic blood
pressure. Arq Bras Cardiol. 2012;98(4):338–43. https://doi.org/10.1590/S0066-
782X2012005000024.

6. Davis CR, Hodgson JM, Woodman R, Bryan J, Wilson C, Murphy KJ. A
Mediterranean diet lowers blood pressure and improves endothelial
function: results from the MedLey randomized intervention trial. Am J Clin
Nutr. 2017;105(6):1305–13. https://doi.org/10.3945/ajcn.116.146803.

7. Dauchet L, Kesse-Guyot E, Czernichow S, Bertrais S, Estaquio C, Péneau S,
et al. Dietary patterns and blood pressure change over 5-y follow-up in the
SU. VI. MAX cohort. Am J Clin Nutr. 2007;85(6):1650–6. https://doi.org/10.1
093/ajcn/85.6.1650.

8. Puato M, Boschetti G, Rattazzi M, Zanon M, Pesavento R, Faggin E, et al.
Intima-media thickness remodelling in hypertensive subjects with long-term
well-controlled blood pressure levels. Blood Press. 2017;26(1):48–53. https://
doi.org/10.1080/08037051.2016.1184964.

9. Shim J-S, Jung SJ, Kim HC. Self-reported diet management, dietary quality,
and blood pressure control in Korean adults with hypertension. Clin
Hypertension. 2019;25(1):24. https://doi.org/10.1186/s40885-019-0130-z.

10. Bendinelli B, Masala G, Bruno R, Caini S, Saieva C, Boninsegni A, et al. A priori
dietary patterns and blood pressure in the EPIC Florence cohort: a cross-sectional
study. Eur J Nutr. 2019;58(1):455–66. https://doi.org/10.1007/s00394-018-1758-2.

11. Eckel RH, Jakicic JM, Ard JD, de Jesus JM, Miller NH, Hubbard VS, et al. 2013
AHA/ACC guideline on lifestyle management to reduce cardiovascular risk: a
report of the American College of Cardiology/American Heart Association task
force on practice guidelines. J Am Coll Cardiol. 2014;63(25 Part B):2960–84.

12. Mohseni R, Abbasi S, Mohseni F, Rahimi F, Alizadeh S. Association between
dietary inflammatory index and the risk of prostate cancer: a meta-analysis. Nutr
Cancer. 2019;71(3):359–66. https://doi.org/10.1080/01635581.2018.1516787.

13. Alizadeh S, Shab-Bidar S, Mohtavinejad N, Djafarian K. A posteriori dietary
patterns and risk of pancreatic and renal cancers. Nutr Food Sci. 2017;47(6):
839–68. https://doi.org/10.1108/NFS-03-2017-0053.

14. Alizadeh S, Djafarian K, Alizadeh M, Shab-Bidar S. The relation of healthy and
Western dietary patterns to the risk of endometrial and ovarian cancers: a
systematic review and meta-analysis. Int J Vitam Nutr Res. 2020;90(3-4):365–
75. https://doi.org/10.1024/0300-9831/a000514.

15. Mohseni R, Mohseni F, Alizadeh S, Abbasi S. The association of dietary
approaches to stop hypertension (DASH) diet with the risk of colorectal

Motamedi et al. Nutrition Journal           (2021) 20:57 Page 9 of 10

https://doi.org/10.1186/s12937-021-00717-1
https://doi.org/10.1186/s12937-021-00717-1
https://doi.org/10.1038/s41371-019-0192-0
https://doi.org/10.1080/10408398.2018.1463967
https://doi.org/10.1079/PHN2001133
https://doi.org/10.1079/PHN2005887
https://doi.org/10.1590/S0066-782X2012005000024
https://doi.org/10.1590/S0066-782X2012005000024
https://doi.org/10.3945/ajcn.116.146803
https://doi.org/10.1093/ajcn/85.6.1650
https://doi.org/10.1093/ajcn/85.6.1650
https://doi.org/10.1080/08037051.2016.1184964
https://doi.org/10.1080/08037051.2016.1184964
https://doi.org/10.1186/s40885-019-0130-z
https://doi.org/10.1007/s00394-018-1758-2
https://doi.org/10.1080/01635581.2018.1516787
https://doi.org/10.1108/NFS-03-2017-0053
https://doi.org/10.1024/0300-9831/a000514


cancer: a meta-analysis of observational studies. Nutr Cancer. 2020;72(5):
778–90. https://doi.org/10.1080/01635581.2019.1651880.

16. Mozaffari H, Ajabshir S, Alizadeh S. Dietary approaches to stop hypertension and risk
of chronic kidney disease: a systematic review and meta-analysis of observational
studies. Clin Nutr. 2020;39(7):2035–44. https://doi.org/10.1016/j.clnu.2019.10.004.

17. Kastorini C-M, Papadakis G, Milionis HJ, Kalantzi K, Puddu P-E, Nikolaou V,
et al. Comparative analysis of a-priori and a-posteriori dietary patterns using
state-of-the-art classification algorithms: a case/case-control study. Artif Intell
Med. 2013;59(3):175–83. https://doi.org/10.1016/j.artmed.2013.08.005.

18. Saneei P, Salehi-Abargouei A, Esmaillzadeh A, Azadbakht L. Influence of
dietary approaches to stop hypertension (DASH) diet on blood pressure: a
systematic review and meta-analysis on randomized controlled trials. Nutr
Metab Cardiovasc Dis. 2014;24(12):1253–61. https://doi.org/10.1016/j.
numecd.2014.06.008.

19. Tong TY, Wareham NJ, Khaw K-T, Imamura F, Forouhi NG. Prospective association of
the Mediterranean diet with cardiovascular disease incidence and mortality and its
population impact in a non-Mediterranean population: the EPIC-Norfolk study. BMC
Med. 2016;14(1):135. https://doi.org/10.1186/s12916-016-0677-4.

20. Hu EA, Steffen LM, Coresh J, Appel LJ, Rebholz CM. Adherence to the
healthy eating index–2015 and other dietary patterns may reduce risk of
cardiovascular disease, cardiovascular mortality, and all-cause mortality. J
Nutr. 2020;150(2):312–21. https://doi.org/10.1093/jn/nxz218.

21. Farhangi MA, Jahangiry L. Dietary diversity score is associated with
cardiovascular risk factors and serum adiponectin concentrations in patients
with metabolic syndrome. BMC Cardiovasc Disord. 2018;18(1):68. https://doi.
org/10.1186/s12872-018-0807-3.

22. Nicklas TA, O'Neil CE, Fulgoni VL III. Diet quality is inversely related to cardiovascular risk
factors in adults. J Nutr. 2012;142(12):2112–8. https://doi.org/10.3945/jn.112.164889.

23. Farjam M, Bahrami H, Bahramali E, Jamshidi J, Askari A, Zakeri H, et al. A
cohort study protocol to analyze the predisposing factors to common
chronic non-communicable diseases in rural areas: Fasa cohort study. BMC
Public Health. 2016;16(1):1–8.

24. Poustchi H, Eghtesad S, Kamangar F, Etemadi A, Keshtkar A-A, Hekmatdoost
A, et al. Prospective epidemiological research studies in Iran (the PERSIAN
cohort study): rationale, objectives, and design. Am J Epidemiol. 2018;187(4):
647–55. https://doi.org/10.1093/aje/kwx314.

25. Willett WC, Sampson L, Stampfer MJ, Rosner B, Bain C, Witschi J, et al.
Reproducibility and validity of a semiquantitative food frequency questionnaire. Am
J Epidemiol. 1985;122(1):51–65. https://doi.org/10.1093/oxfordjournals.aje.a114086.

26. Krebs-Smith SM, Pannucci TE, Subar AF, Kirkpatrick SI, Lerman JL, Tooze JA,
et al. Update of the healthy eating index: HEI-2015. J Acad Nutr Diet. 2018;
118(9):1591–602. https://doi.org/10.1016/j.jand.2018.05.021.

27. Trichopoulou A, Costacou T, Bamia C, Trichopoulos D. Adherence to a
Mediterranean diet and survival in a Greek population. N Engl J Med. 2003;
348(26):2599–608. https://doi.org/10.1056/NEJMoa025039.

28. Kant AK, Block G, Schatzkin A, Ziegler RG, Nestle M. Dietary diversity in the
US population, NHANES II, 1976-1980. J Am Diet Assoc. 1991;91(12):1526–31.

29. Kim S, Haines PS, Siega-Riz AM, Popkin BM. The diet quality index-
international (DQI-I) provides an effective tool for cross-national comparison
of diet quality as illustrated by China and the United States. J Nutr. 2003;
133(11):3476–84. https://doi.org/10.1093/jn/133.11.3476.

30. Chinnakali P, Mohan B, Upadhyay RP, Singh AK, Srivastava R, Yadav K.
Hypertension in the elderly: prevalence and health seeking behavior. N Am
J Med Sci. 2012;4(11):558–62. https://doi.org/10.4103/1947-2714.103314.

31. Singh RB, Fedacko J, Pella D, Macejova Z, Ghosh S, De AK, et al. Prevalence
and risk factors for prehypertension and hypertension in five Indian cities.
Acta Cardiol. 2011;66(1):29–37. https://doi.org/10.1080/AC.66.1.2064964.

32. De Pergola G, D’Alessandro A. Influence of Mediterranean diet on blood
pressure. Nutrients. 2018;10(11):1700. https://doi.org/10.3390/nu10111700.

33. Nissensohn M, Román-Viñas B, Sánchez-Villegas A, Piscopo S, Serra-Majem L.
The effect of the Mediterranean diet on hypertension: a systematic review
and meta-analysis. J Nutr Educ Behav. 2016;48(1):42–53 e1.

34. Saraf-Bank S, Haghighatdoost F, Esmaillzadeh A, Larijani B, Azadbakht L.
Adherence to healthy eating Index-2010 is inversely associated with
metabolic syndrome and its features among Iranian adult women. Eur J Clin
Nutr. 2017;71(3):425–30. https://doi.org/10.1038/ejcn.2016.173.

35. Daneshzad E, Larijani B, Azadbakht L. Diet quality indices and cardiovascular
diseases risk factors among diabetic women. J Sci Food Agric. 2019;99(13):
5926–33. https://doi.org/10.1002/jsfa.9867.

36. Adrogué HJ, Madias NE. Sodium and potassium in the pathogenesis of hypertension.
N Engl J Med. 2007;356(19):1966–78. https://doi.org/10.1056/NEJMra064486.

37. Gopinath B, Flood VM, Rochtchina E, Baur LA, Smith W, Mitchell P. Influence
of high glycemic index and glycemic load diets on blood pressure during
adolescence. Hypertension. 2012;59(6):1272–7. https://doi.org/10.1161/
HYPERTENSIONAHA.112.190991.

38. Wang L, Manson JE, Gaziano JM, Buring JE, Sesso HD. Fruit and vegetable
intake and the risk of hypertension in middle-aged and older women. Am J
Hypertens. 2012;25(2):180–9. https://doi.org/10.1038/ajh.2011.186.

39. Borgi L, Muraki I, Satija A, Willett WC, Rimm EB, Forman JP. Fruit and
vegetable consumption and the incidence of hypertension in three
prospective cohort studies. Hypertension. 2016;67(2):288–93. https://doi.
org/10.1161/HYPERTENSIONAHA.115.06497.

40. Schiffrin EL. Antioxidants in hypertension and cardiovascular disease. Mol
Interv. 2010;10(6):354–62. https://doi.org/10.1124/mi.10.6.4.

41. Houston MC, Harper KJ. Potassium, magnesium, and calcium: their role in
both the cause and treatment of hypertension. J Clin Hypertension. 2008;
10(7):3–11. https://doi.org/10.1111/j.1751-7176.2008.08575.x.

42. Kooshki A, Hoseini BL. Phytochemicals and hypertension. Shiraz E-Med J.
2014;15(1):e19738.

43. Shah R, Makarem N, Emin M, Liao M, Jelic S, Aggarwal B. Mediterranean diet
components are linked to greater endothelial function and lower
inflammation in a pilot study of ethnically diverse women. Nutr Res. 2020;
75:77–84. https://doi.org/10.1016/j.nutres.2020.01.004.

44. Zamora D, Gordon-Larsen P, He K, Jacobs DR, Shikany JM, Popkin BM. Are the 2005
dietary guidelines for Americans associated with reduced risk of type 2 diabetes
and cardiometabolic risk factors?: twenty-year findings from the CARDIA study.
Diabetes Care. 2011;34(5):1183–5. https://doi.org/10.2337/dc10-2041.

45. Azadbakht L, Esmaillzadeh A. Dietary diversity score is related to obesity and
abdominal adiposity among Iranian female youth. Public Health Nutr. 2011;
14(1):62–9. https://doi.org/10.1017/S1368980010000522.

46. Steyn NP, Nel JH, Nantel G, Kennedy G, Labadarios D. Food variety and dietary
diversity scores in children: are they good indicators of dietary adequacy?
Public Health Nutr. 2006;9(5):644–50. https://doi.org/10.1079/PHN2005912.

47. Setayeshgar S, Maximova K, Ekwaru JP, Gray-Donald K, Henderson M,
Paradis G, et al. Diet quality as measured by the diet quality index–
international is associated with prospective changes in body fat among
Canadian children. Public Health Nutr. 2017;20(3):456–63. https://doi.org/1
0.1017/S1368980016002500.

48. Buckland G, Bach A, Serra-Majem L. Obesity and the Mediterranean diet: a
systematic review of observational and intervention studies. Obes Rev. 2008;
9(6):582–93. https://doi.org/10.1111/j.1467-789X.2008.00503.x.

49. Cheung LT, Chan RS, Ko GT, Lau ES, Chow FC, Kong AP. Diet quality is
inversely associated with obesity in Chinese adults with type 2 diabetes.
Nutr J. 2018;17(1):1–12.

50. Ebbeling CB, Leidig MM, Sinclair KB, Hangen JP, Ludwig DS. A reduced–
glycemic load diet in the treatment of adolescent obesity. Arch Pediatrics
Adolescent Med. 2003;157(8):773–9. https://doi.org/10.1001/archpedi.157.8.773.

51. Sarker M, Rahman M. Dietary fiber and obesity management–a review. Adv
Obes Weight Manag Control. 2017;7(3):00199.

52. Funtikova A, Baena-Diez J, Koebnick C, Gomez S, Covas M, Goday A, et al.
Validity of a short diet-quality index to predict changes in anthropometric
and cardiovascular risk factors: a simulation study. Eur J Clin Nutr. 2012;
66(12):1369–71. https://doi.org/10.1038/ejcn.2012.131.

53. Cheung LT, Chan RS, Ko GT, Lau ES, Chow FC, Kong AP. Diet quality is
inversely associated with obesity in Chinese adults with type 2 diabetes.
Nutr J. 2018;17(1):63. https://doi.org/10.1186/s12937-018-0374-6.

54. Sahrai MS, Huybrechts I, Biessy C, Gunter MJ, Romieu I, Torres-Mejía G, et al.
Association of a priori-defined dietary patterns with anthropometric
measurements: a cross-sectional study in mexican women. Nutrients. 2019;
11(3):603. https://doi.org/10.3390/nu11030603.

55. Asghari G, Mirmiran P, Rashidkhani B, Asghari-Jafarabadi M, Mehran M, Azizi
F. The association between diet quality indices and obesity: Tehran Lipid
and Glucose Study. Arch Iran Med. 2012;15(10):0.

56. Navarro P, Mehegan J, Murrin CM, Kelleher CC, Phillips CM. Adherence to
the healthy eating Index-2015 across generations is associated with birth
outcomes and weight status at age 5 in the lifeways cross-generation
cohort study. Nutrients. 2019;11(4):928. https://doi.org/10.3390/nu11040928.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Motamedi et al. Nutrition Journal           (2021) 20:57 Page 10 of 10

https://doi.org/10.1080/01635581.2019.1651880
https://doi.org/10.1016/j.clnu.2019.10.004
https://doi.org/10.1016/j.artmed.2013.08.005
https://doi.org/10.1016/j.numecd.2014.06.008
https://doi.org/10.1016/j.numecd.2014.06.008
https://doi.org/10.1186/s12916-016-0677-4
https://doi.org/10.1093/jn/nxz218
https://doi.org/10.1186/s12872-018-0807-3
https://doi.org/10.1186/s12872-018-0807-3
https://doi.org/10.3945/jn.112.164889
https://doi.org/10.1093/aje/kwx314
https://doi.org/10.1093/oxfordjournals.aje.a114086
https://doi.org/10.1016/j.jand.2018.05.021
https://doi.org/10.1056/NEJMoa025039
https://doi.org/10.1093/jn/133.11.3476
https://doi.org/10.4103/1947-2714.103314
https://doi.org/10.1080/AC.66.1.2064964
https://doi.org/10.3390/nu10111700
https://doi.org/10.1038/ejcn.2016.173
https://doi.org/10.1002/jsfa.9867
https://doi.org/10.1056/NEJMra064486
https://doi.org/10.1161/HYPERTENSIONAHA.112.190991
https://doi.org/10.1161/HYPERTENSIONAHA.112.190991
https://doi.org/10.1038/ajh.2011.186
https://doi.org/10.1161/HYPERTENSIONAHA.115.06497
https://doi.org/10.1161/HYPERTENSIONAHA.115.06497
https://doi.org/10.1124/mi.10.6.4
https://doi.org/10.1111/j.1751-7176.2008.08575.x
https://doi.org/10.1016/j.nutres.2020.01.004
https://doi.org/10.2337/dc10-2041
https://doi.org/10.1017/S1368980010000522
https://doi.org/10.1079/PHN2005912
https://doi.org/10.1017/S1368980016002500
https://doi.org/10.1017/S1368980016002500
https://doi.org/10.1111/j.1467-789X.2008.00503.x
https://doi.org/10.1001/archpedi.157.8.773
https://doi.org/10.1038/ejcn.2012.131
https://doi.org/10.1186/s12937-018-0374-6
https://doi.org/10.3390/nu11030603
https://doi.org/10.3390/nu11040928

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Study population
	Dietary intake assessment
	Healthy eating index-2015 (HEI-2015)
	Mediterranean dietary score (MDS)

	Diet diversity score (DDS)
	Diet quality index-international (DQI-I)
	Assessment of other variables
	Statistical analysis

	Results
	Discussion
	Conclusions
	Abbreviations
	Supplementary Information
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Declarations
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

