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Abstract

Background: The prevalence of central and general obesity is increasing to epidemic levels and turning to a social health problem.
A possible association may exist between nutritional adequacy and obesity.
Objectives: This study aimed to investigate the relationship of general and central obesity with diet quality in Iranian women by
2010 version of Healthy Eating Index (HEI-2010).
Methods: A total of 460 women aged 20 - 50 years old participated in this cross-sectional study. Dietary intake data was collected
using a validated food frequency questionnaire. Anthropometric assessment was performed by standard methods and HEI-2010 was
used to investigate diet quality. The association between HEI-2010 and general/central obesity was analyzed by logistic regression.
Results: The frequency of general and central obesity was 31 (15.1%) and 95 (21.5%), respectively. Of the participants, 330 (74.8%) had a
low HEI-2010 total score. After adjusting for confounders, those with the high HEI-2010 total score had lower risk of central obesity
(OR = 0.3; CI 95%: 0.14 - 0.70); however, the results were not significant for general obesity. Among the components of HEI-2010, the
scores of dairy, total vegetables, empty calorie foods, refined grains and sodium were negatively associated with both general and
central obesity (P ≤ 0.05).
Conclusions: Lower risk of general and abdominal obesity is associated with a higher quality of dietary intake. Furthermore, the
nutrition education programs for preventing obesity should be emphasized to promote higher intakes of dairy, fruits and vegeta-
bles and preventing high consumption of energy-dense foods and sodium.
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1. Background

Overweight and obesity rates have dramatically in-
creased through the past decades (1). A meta-analysis in
2017 reported the mean prevalence of obesity in > 18-year-
old Iranian adults as 15.1% between 2000 and 2013 (1). Ex-
cessive body weight is associated with numerous chronic
diseases including diabetes, metabolic syndrome, cardio-
vascular diseases, and cancer (2, 3) and higher mortality
rates have been reported among obese people (4, 5). Body
mass index (BMI) is generally used in determining general
obesity, while waist circumference (WC) reflects the central
obesity and is used for evaluating health risk (6).

Abdominal obesity, as one of the components of
metabolic syndrome, is introduced as a major risk factor
for cardiovascular diseases and the first cause of mortality,
particularly in developing countries (6). Recent epidemi-

ological studies of health outcomes including obesity and
diet have changed the focus to overall diet quality and di-
etary pattern rather than individual nutrients due to the
antagonist or synergistic effects of various nutrients on
developing or preventing diseases (7, 8). Nutritional ade-
quacy is a scale for assessing the overall quality of diet and
adherence to dietary guidelines (9-11). Healthy dietary pat-
terns can predict obesity (12) and previous research has re-
ported relationships between HEI and risk biomarkers of
diseases. Inverse relationships have been also reported be-
tween HEI and some inflammatory indices (13-15).

2. Objectives

Total HEI score provides an estimate of overall diet
quality, while its component scores help study important
components of diet (16). Hence, this study aimed to assess
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the relationship between HEI and the component scores as
well as central and general obesity among adult women liv-
ing in Tehran, Iran.

3. Methods

3.1. Subjects

According to a study that assessed the relationship be-
tween diet quality and metabolic syndrome (9) in women
presenting to the Endocrinology Center of Tehran Univer-
sity of Medical Sciences, the study population was calcu-
lated using below equation:

(1)N each group =
2
(
z1−β + z1−α

2

)2

p (1− p)

(P1 − P2)
2

Where β = 0.1; α = 0.05; P1 = 0.575; P2 = 0.43.

The study population was increased to 460 women
aged 20 - 50 years from 20 municipal regions in Tehran
in order to increase the accuracy of this cross-sectional
study. Participants were selected using the stratified ran-
dom sampling.

Inclusion criteria were age ranging 20 - 50 years and re-
siding in Tehran. Exclusion criteria were neuroendocrine
and metabolic disorders, renal and liver diseases, preg-
nancy and lactation, or on any particular diet at sampling
time due to cross-sectional nature of the study, or dissatis-
faction with continuing participation in this study.

Written informed consent was obtained from all par-
ticipants. The study protocol was approved by the Ethics
Committee of the National Nutrition and Food Technology
Research Institute, Tehran, Iran.

3.2. Dietary Intake Assessment

Trained dietitians assessed dietary intake with a valid
and reliable semi-quantitative 168-item food frequency
questionnaire (FFQ) through face-to-face interview (17, 18).
The consumption frequency of each food item was col-
lected on daily, weekly, monthly and yearly basis and then
converted to daily intake frequency (19). The portion size
of each consumed food item was converted to grams us-
ing the United States Department of Agriculture Food Com-
position Databases (USDA FCT) and the energy and nutri-
ent content of foods were calculated. However, for tradi-
tional Iranian food items which were not listed in the USDA
database (e.g. traditional breads), the Iranian FCT was used
alternatively.

3.3. Diet Quality Scores

The data collected with FFQ was used to calculate HEI-
2010. The scores and components are shown in Table 1. The
components of HEI-2010 indicate adherence to the Ameri-
can Dietary Guidelines. The HEI-2010 consists of 12 compo-
nents, 9 adequacy components (including whole fruit, to-
tal fruit, total greens and beans, vegetables, whole grains,
dairy, total protein foods, seafood and plant proteins, and
fatty acids (Mono Unsaturated Fatty Acid + Poly Unsatu-
rated Fatty Acid /Saturated Fatty Acid) and 3 moderation
components (refined grains, sodium, and empty calories)
(16). Legumes were considered as vegetables and green and
bean group only after fulfilling the standard for the total
protein foods (20). Higher scores reflect higher intakes to
adequacy components, and lower intake for the modera-
tion components, since lower intakes are more desirable
(20). The total HEI-2010 score ranges from 0 to 100 with
higher score indicating better adherence to dietary guide-
lines.

3.4. Anthropometric Measurements

Weight was measured using a digital scale (Seca, Ger-
many) to the nearest 0.1 kg while participants wore light
clothes and no shoes. Height was measured barefoot with
a precision of 0.1 cm using tape meter fixed to wall. BMI
was defined as weight (kg)/height (m)2 and general obesity
was considered as overweight and obesity (BMI ≥ 25) (21).
In addition, WC was measured at the level of the umbilicus
and by a non-stretch flexible tape line muscle-bound with-
out imposing any pressure to the body while standing at
the end of a normal expiration (22).

3.5. Covariate Assessment

Socio-economic factors including age, marital status,
number of children, duration of residence in Tehran, ed-
ucation status, employment status (yes/no), income (Ri-
als) and current smoking status were also collected using
an author-designed questionnaire. Physical activity level
was measured using a validated self-report questionnaire
(23) and expressed as metabolic equivalent task (MET)
hours/day.

3.6. Statistical Analysis

Data was analyzed via the Statistical Package Software
for Social Science, version 21 (SPSS Inc., Chicago, IL, USA).
Analysis of variance (ANOVA) and chi-square tests were
used for comparing general baseline characteristics ac-
cording to HEI-2010 total score quartiles. Logistic regres-
sion models were used to assess the relationship between
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Table 1. The Scores and Components of HEI-2010

Components Maximum Score Standard for Maximum Score Standard for Minimum Score

Total fruita 5 ≥ 0.8 cups equiv. per 1000 kcal No fruits

Whole fruitb 5 ≥ 0.4 cups equiv. per 1000 kcal No whole fruits

Total vegetablesc 5 ≥ 1.1 cups equiv. per 1000 kcal No vegetables

Greens and beansc 5 ≥ 0.2 cups equiv. per 1000 kcal No dark green vegetables or Beans and Peas

Whole grains 10 ≥ 1.5 oz equiv. per 1000 kcal No whole grains

Dairyd 10 ≥ 1.3 cups equiv. per 1000 kcal No dairy

Total protein foodse 5 ≥ 2.5 oz equiv. per 1000 kcal No protein foods

Seafood and plant proteinse , f 5 ≥ 0.8 oz equiv. per 1000 kcal No seafood or plant proteins

Fatty acidsg 10 (PUFA+MUFA)/SAFA ≥ 2.5 (PUFA+MUFA)/SAFA ≥ 1.2

Refined grains 10 ≤ 1.8 oz equiv. per 1000 kcal ≥ 4.3 oz equiv. per 1000 kcal

Sodium 10 ≤ 1.1 grams per 1000 kcal ≥ 2.0 grams per 1000 kcal

Empty caloriesh 20 ≤ 19% of energy ≥ 50% of energy

aIncludes fruit juice.
bIncludes all forms except juice.
cIncludes any beans and peas (called legume in HEI-2005) not counted as total protein foods (called Meat and beans in HEI-2005).
dIncludes all milk products such as fluid milk, yogurt and cheese and fortified soy beverages.
eIncludes beans and peas (and not vegetables) when the total protein food (called meat and beans in HEI-2005) standard is otherwise not met.
f Includes seafood, nuts, seeds, soy products (other than beverages) as well as beans and peas counted as total protein foods.
gRatio of poly- and monounsaturated fatty acids to saturated fatty acids.
hCalories from solid fats, alcohol and added sugars; threshold for counting alcohol is > 13 g/1000 kcal

HEI-2010 total score and its components as well as cen-
tral and general obesity (considering samples as over-
weight/obese and non-obese and with central obesity or
normal) in different models. The relationships between
WC and BMI variables with adherence to HEI-2010 com-
ponents and its total score were assessed using linear re-
gression and adjusted for confounding variables (total en-
ergy intake, marital status, age, education, smoking and in-
come). P value≤0.05 was considered as statistically signif-
icant.

4. Results

The mean ± SD of age, total energy intake, HEI-2010,
WC and BMI were as follows: 33.59 ± 0.46 years, 2805.57
± 44.4 kcal, 63.07 ± 0.42, 84.71 ± 0.4 cm and 20.53 ± 0.13
kg/m2.

The frequency of general and central obesity was 15.1%
and 21.5%, respectively. The majority of participants (ap-
proximately 74.8%) had low HEI-2010 total score.

Table 2 shows the major characteristics of study par-
ticipants and HEI-2010 components according to quartiles
of HEI-2010 total score. Age (36.0 ± 9 vs. 30.1 ± 9) was
higher in the highest quartiles of HEI compared to the
lowest quartile. There were no significant differences re-
garding tertiles neither for socio-economic variables nor
for anthropometric indices. Furthermore, the scores of al-

most all of HEI-2010 components were higher in the high-
est quartile (and in the third quartile for green and beans),
except for total protein and fatty acid scores which were
not significant.

About the association between dietary components
(total energy (kcal), total-sodium (g), total-MUFA, total-
PUFA, total-saturated fat) and HEI-2010 quartiles, only
women in the highest quartile of HEI-2010 total score had
the lowest mean total sodium intake (P < 0.05).

The relationship between BMI, WC and HEI-2010 total
score and the components are presented in Table 3. A
significant negative relationship was found between HEI-
2010 total score and BMI after adjusting for confounders
of three models (marital status, age, education, smoking,
income level, and total energy intake). Among the compo-
nents, dairy had a negative association with BMI and WC
and remained significant for BMI after adjusting for con-
founders; however, for WC the relationship was not sig-
nificant after adjusting for energy and socio-economic fac-
tors in the third model. Furthermore, scores of refined-
grains and empty-calorie were negatively related with gen-
eral and central obesity after adjusting for confounders in
the last 2 models (especially after adjusting for income)
and the score of fatty acid was related to BMI which was not
significant after adjusting for socioeconomic factors.

The risk of central obesity, according to quartiles of
HEI-2010 are presented based on 3 various models in Ta-
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Table 2. Descriptive Characteristics of the Study Participants According to HEI-2010 Quartilesa

Descriptive Value
HEI-2010

P Valueb

Q1 Q2 Q3 Q4

WC, cm 85.03 ± 9 84.4 ± 9 85 ± 8.7 84.3 ± 7.4 0.87

BMI, kg/m2 20.7 ± 3 20.6 ± 3 20.4 ± 3 20.2 ± 2.7 0.57

General obesity (overweight and obesity)c 9 (2) 8 (1.8) 9 (2) 5 (1.1) 0.58

Central obesityc 28 (6.3) 22 (5) 28 (6.3) 17 (3.8) 0.43

Age, y 30.1 ± 9 33 ± 10 34 ± 10 36 ± 9 0.00

Education, No. (%)

Illiterate and elementary 20 (4.5) 19 (4.3) 26 (5.9) 21 (4.8)

Secondary and high school 25 (5.7) 29 (6.6) 26 (5.9) 28 (6.3)

Diploma 52 (11.8) 44 (10) 41 (9.3) 40 (9.1) 0.7

Graduated (Associate Degree, Bachelor,
Master, PhD)

13 (2.9) 19 (4.3) 16 (3.6) 26 (6.2)

Marital statusc

Single 21 (4.8) 23 (5.2) 17 (3.9) 13 (2.9)

Married 86 (19.5) 86 (19.5) 89 (20.2) 95 (21.5) 0.23

Divorced and widowed 3 (0.7) 2 (0.5) 3 (0.7) 3 (0.7)

Income, ×10000 Rials 399 ± 193 503 ± 308 528 ± 463 495 ± 4.68 0.83

Smokingc 108 (24.5) 107 (24.3) 106 (24) 108 (24.5) 0.88

Total fruit score 4.01 ± 1.7 4.11 ± 1.4 4.5 ± 0.93 4.74 ± 0.67 0.00

Whole-fruit score 4.2 ± 1.5 4.6 ± 1 4.9 ± 0.36 4.9 ± 0.76 0.00

Total-vegetables score 4.3 ± 1.4 4.7 ± 0.84 4.8 ± 0.63 4.9 ± 0.17 0.00

Greens and beans score 4.6 ± 1.09 4.8 ± 0.71 4.9 ± 0.15 4.8 ± 0.71 0.003

Total-protein score 2.86 ± 1.6 3.05 ± 1.5 3.28 ± 1.5 3.47 ± 1.3 0.20

Whole-grains score 2.5 ± 2.2 3.9 ± 2.3 4.6 ± 3.4 6.1 ± 3.2 0.00

Dairy-score 4.6 ± 3.06 5.4 ± 3.2 5.9 ± 3.2 6.5 ± 2.8 0.00

Sea food-plant-legume score 2.6 ± 1.7 3.08 ± 1.6 3.4 ± 1.5 3.8 ± 1.2 0.00

Fatty-acid-score 2.4 ± 3.6 2.6 ± 3.5 3.1 ± 3.6 2.8 ± 2.6 0.38

Sodium-score 2.3 ± 4.03 3.7 ± 4.3 4.3 ± 4.4 4.1 ± 4 0.00

Refined grain-score 2.3 ± 3.8 3.4 ± 4.1 4.9 ± 4.05 7.5 ± 2.5 0.00

Empty-calories score 14.2 ± 4.5 16.4 ± 4.2 17.1 ± 3.5 18.3 ± 2.6 0.00

Abbreviations: BMI, body mass index; WC, waist circumference.
aThe amounts are measured by ANOVA test.
bP is considered significant if ≤ 0.05.
cThe amounts are frequency (No.) and % of total measured by Pearson chi-square test.

ble 4 (95% CI). Those who were at the highest quartile of
dairy score had 50% lower chance to be centrally obese in
comparison to those being at the first quartile (OR = 0.5;
95% CI (0.2 - 0.9)). After adjusting for confounders in 2 ad-
ditional models, women at the highest quartile of refined
grain score and total HEI-2010 had 60% (OR = 0.4; 95% CI
(0.2 - 0.9)) and 70% lower chance for central obesity (OR =
0.3; 95% CI (0.14 - 0.7)), (also women with higher score for
sodium (OR = 3; 95% CI (0.9 - 9.6)) and medium score of

empty calorie items (OR = 3.7; 95% CI (0.9 - 14.1)) had a lower
chance to be generally obese).

Total trend of central obesity was significantly decreas-
ing across the quartiles of total HEI-2010, empty calorie and
refined grain scores, and also after summating the scores
of total and whole fruits and vegetables (probably due to
the total vegetable score, which is not presented in Table
4).
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Table 3. Modified Multivariable Linear Regression for HEI-2010 Total Score and Components According to WC and BMI Among Tehran Adult Womena

HEI-2010 Scores
Crude Model 1b Model 2c Model3d

WC BMI WC BMI WC BMI WC BMI

Total fruit -0.09 (-0.7, 0.5) -0.08 (-0.3, 0.12) 0.08 (-0.5, 0.7) -0.06 (-0.3, 0.15) -0.07 (-1.4, 0.4) -0.027 (-0.26, 0.2) 0.2 (-0.4, 0.9) -0.006 (-0.2, 0.2)

Whole fruit 0.04 (-0.8, 0.8) 0.14 (-0.27, 0.3) 0.2 (-0.3, 1.1) 0.04 (-0.2, 0.3) 0.17 (-0.7, 1) 0.03 (-0.27, 0.35) 0.4 (-0.5, 1.3) 0.07 (-0.2, 0.4)

Total vegetables -0.08 (-0.9, 0.8) -0.02 (-0.3, 0.27) 0.17 (-0.1.7) 0.01 (-0.3, 0.3) 0.26 (-0.6, 1.1) 0.02 (-0.23, 0.4) 0.5 (-0.4, 1.4) 0.12 (-0.2, 0.4)

Greens and beans -0.7 (-1.8, 0.4) -0.06 (-0.45, 0.3) -0.5 (-1.6, 0.6) -0.03 (-0.4, 0.3) -0.04 (-1.2, 1.1) 0.06 (-0.3, 0.4) 0.15 (-1, 1.3) 0.09 (-0.3, 0.5)

Total protein 0.08 (-0.4, 0.6) 0.02 (-0.15, 0.2) 0.2 (-0.3, 0.7) 0.04 (-0.13, 0.2) 0.3 (-0.2, 0.8) 0.02 (-0.15, 0.2) 0.4 (-0.09, 1) 0.06 (-0.14, 0.2)

Whole grains 0.06 (-0.18, 0.3) 0 (-0.09, 0.07) 0.13 (-0. 1, 0.38) 0 (-0.08, 0.09) 0.07 (-0.18, 0.3) -0.01 (-0.1, 0) 0.15 (-0.11, 0.4) 0 (-0.1, 0.09)

Dairy -0.3 (-0.6, -0.1)e -0.1 (-0.2, -0.04)e -0.3 (-0.5, 0.05)e -0.12 (-0.2, 0.03)e -0.27 (-0.5, -0.003)e -0.13 (-0.2, 0.03)e -0.22 (-0.5, 0.042) -0.13 (-0.2, -0.03)e

Sea food plant
legume

0.2 (-0.28, 0.7) 0.02 (-0.14, 0.19) 0.3 (-0.2, 0.8) 0.04 (-0.12, 0.2) 0.4 (-0.13, 0.9) 0.025 (-0.16, 0.2) 0.5 (-0.46, 1) 0.03 (-0.15, 0.2)

Fatty acid 0.15 (-0.07, 0.37) 0.07 (0.0, 015)e 0.15 (-0.7, 0.3) 0.07 (0.0, 0.15)e -0.01 (-0.21, 0.2) 0.06 (-0.025, 0.14) -0.015 (-0.2, 0.25) 0.6 (-0.02, 0.14)

Grain-refined -0.01 (-1.6, 0.3) -0.02 (-0.09, 0.04) -0.1 (-0.3, 0.03) -0.03 (-0.09, 0.03) -0.2 (-0.4, 0)e -0.06 (-0.14, 0) -0.3 (-0.5, -0.09)e -0.07 (-0.14, 0)

Sodium 0 (-0.13, 0.2) 0 (-0.06, 0.05) -0.03 (-0.2, 0.16) -0.01 (-0.08, 0.04) -0.07 (-0.26, 0.1) -0.03 (-0.09, 0.04) -0.16 (-0.36, 0.03) -0.04 (-0.11, 0.03)

Empty calorie 0.05 (-0.14, 0.2) -0.05 (-0.1, 0.01) 0.03 (-0.16, 0.2) -0.05 (-0.12, 0.01) -0.04 (-0.2, 0.1) -0.09 (-0.16, 0.01)e -0.06 (-0.28, 0.14) -0.09 (-0.17, -0.01)e

HEI-2010 -0.15 (-0.15, 0.07) -0.02 (-0.05, 0.0) 0 (-0.1, 0.07) -0.02 (-0.05, 0) -0.08 (-0.18, 0.01) -0.05 (-0.08, -0.01) 0.08 (-0.17, 0.02) -0.04 (-0.08, -0.01)e

a The amounts are standardized coefficients (Beta) (CI: 95%).
b Model 1: adjusting energy for crude model.
c Model 2: adjusting the marital status, age, education, smoking and income factors.
d Model 3: adjusting energy for model 2.
e P value is considered significant if ≤ 0.0.

Table 4. Modified Multivariable Logistic Regression for HEI-2010 Total Score and Its Components According to Central Obesitya

Components
Crude, Central Obesity Model 1b , Central Obesity Model 2c , Central Obesity

Q2 Q3 Q4 P
Trend

Q2 Q3 Q4 P
Trend

Q2 Q3 Q4 P
Trend

Total fruitd 1.2 (0.4 - 3.4) 0.5 (0.15 - 2.2) 1 (0.5 - 2) 0.9 1.3 (0.4 - 4) 0.8 (0.2 - 4) 1.3 (0.6 - 2.5) 0.5 1 (0.3 - 3.2) 0.6 (0.14 - 3) 0.9 (0.4 - 2) 0.8

Whole-fruit 1.8 (0.3 - 12.3) 1.8 (0.36 - 10.3) 1.8 (0.62 - 5.4) 0.3 1.7 (0.2 - 12.5) 2 (0.3 - 1.4) 2.1 (0.6 - 6.4) 0.2 1.2 (0.1 - 10.4) 1.3 (0.1 - 10.7) 1.3 (0.2 - 6.6) 0.7

Total-
vegetables

1.9 (0.6 - 5.6) 0.8 (0.07 - 8.4) 0.8 (0 - 8.3) 0.1 2.7 (0.9 - 8.4) 1.1 (0.1 - 13.5) 1.1 (0.1 - 12.3) 0.04 2.5 (0.6 - 10.1) 1 (0.08 - 14) 1 (0.09 - 12.3) 0.1

Green and
Beans

2.3 (0.15 -
34.8)

2.1 (0.2 - 21.7) 1.9 (0.4 - 8.7) 0.4 3.3 (0.15 - 73) 4.8 (0.2 - 107) 6 (0.7 - 50) 0.06 3 (0.16 - 65) 4.3 (0.19 -
100)

4.8 (0.5 - 46) 0.1

Total-
protein

0.7 (0.4 - 1.1) 0.9 (0.4 - 1.6) 0.7 (0.3 - 1.3) 0.4 0.8 (0.4 - 1.8) 0.9 (0.5 - 1.8) 0.9 (0.5 - 2) 0.8 0.6 (0.2 - 1.3) 0.6 (0.3 - 1.4) 0.9 (0.3 - 1.5) 0.5

Whole-
grains

1.1 (0.5 - 2.2) 1.6 (0.7 - 3.5) 1.4 (0.7 - 2.7) 0.2 1.1 (0.5 - 2.2) 1.3 (0.6 - 2.7) 1.4 (0.7 - 2.7) 0.2 0.9 (0.5 - 2) 1.1 (0.5 - 2.4) 1.1 (0.5 - 2.4) 0.47

Dairy-score 0.7 (0.4 - 1.4) 0.8 (0.44 - 1.5)e 0.5 (0.2 - 0.9)e 0.07 0.7 (0.4 - 1.5) 0.9 (0.4 - 1.8) 0.6 (0.3 - 1.2) 0.3 0.5 (0.2 - 1) 0.6 (0.3 - 1.3) 0.4 (0.16 - 0.8)e 0.8

Sea-food-
plant-
legume

1.2 (0.6 - 2.4) 0.9 (0.4 - 2) 0.8 (0.5 - 1.5) 0.6 1.5 (0.7 - 3.2) 1.2 (0.5 - 2.8) 0.9 (0.5 - 1.7) 0.8 1.4 (0.6 - 3) 1 (0.4 - 2.5) 0.8 (0.4 - 1.5) 0.5

Fatty-acid 1.2 (0.6 - 2.3) 0.9 (0.5 - 1.9) 1.6 (0.8 - 3) 0.2 1.2 (0.6 - 2.5) 0.7 (0.3 - 1.6) 1.1 (0.5 - 2.4) 0.9 1.2 (0.6 - 2.5) 0.8 (0.3 - 1.7) 1.2 (0.5 - 2.6) 0.8

Refined
grain

0.6 (0.2 - 1.5) 0.7 (0.4 - 1.3) 0.6 (0.3 - 1.1) 0.1 0.5 (0.2 - 1.5) 0.6 (0.4 - 1.2) 0.4 (0.2 - 0.8)e 0.01 0.5 (0.2 - 1.5) 0.6 (0.3 - 1.2) 0.4 (0.2 - 0.9)e 0.03

Sodium 1 (0.5 - 2) 1.5 (0.7 - 3) 0.7 (0.4 - 1.4) 0.6 0.9 (0.5 - 2) 1.2 (0.5 - 3) 0.6 (0.3 - 1.2) 0.4 0.9 (0.5 - 2) 1.2 (0.5 - 2.7) 0.7 (0.4 - 1.6) 0.6

Empty-
calorie

1.5 (0.16 - 13.7) 0.8 (0 - 8.4) 0.9 (0.1 - 8.2) 0.09 1.5 (0.1 - 18.4) 0.8 (0 - 10.7) 0.7 (0 - 9) 0.02 1.5 (0.1 - 18.4) 0.8 (0 - 10.7) 0.8 (0 - 10) 0.05

HEI-2010 0.7 (0.4 - 1.3) 1 (0.5 - 1.8) 0.5 (0.2 - 1) 0.1 0.6 (0.3 - 1.3) 0.8 (0.4 - 1.7) 0.4 (0.2 - 0.8)e 0.02 0.6 (0.3 - 1.2) 0.8 (0.4 - 1.6) 0.3 (0.14 - 0.7)e 0.6

a The amounts are OR with 95% CI.
b Model 1: adjusting the marital status, age, education, smoking and income factors.
c Model 2: Model 1 is also adjusted for total energy intake.
d First quartile is considered as reference.
e P value is considered significant.

5. Discussion

The study findings showed a negative relationship be-
tween HEI-2010 diet quality index, and the chance of gen-
eral and abdominal obesity.

To our knowledge, this is the first study assessing the
relationship of the 2010 version of HEI with general and

central obesity in a population-based sample of Iranian
women.

Overall, higher HEI-2010 total score and lower chance
of obesity were consistent with previous studies includ-
ing Multi-Ethnic Study of Atherosclerosis on 6814 men and
women aged 45 - 84 years from 6 US sites (24), the NHANES
III (7), and Baltimore Longitudinal Study of Aging on Amer-
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icans (25).
However, the Iranian cohort of Tehran Lipid and Glu-

cose Study (17), another article from Isfahan province of
Iran on 410 young female students aged 18 - 28 years (11) and
also the Framingham Offspring/Spouse study3 (FOS3) (26)
did not find any significant relationship between diet qual-
ity indices and obesity, which may be due to sample size
and different scoring patterns.

Since all components of HEI-2010 do not similarly pre-
dict the relationship between general and central obesity,
each component was separately investigated.

Socio-economic indices were not significantly related
to the HEI-2010, but it appears that aging may significantly
influence better choices of healthy foods. This finding also
agrees with that in the Iranian cohort of Tehran Lipid and
Glucose Study (TLGS) 2010 (17).

Investigating the components in detail showed that
increased sodium score was negatively related to general
obesity. According to available evidence, high sodium
consumption is associated with a higher risk for over-
weight/obesity (27) and an inverse relationship exists be-
tween sodium intake and HEI-2010 (21). This association
can be attributed to the fact that high levels of sodium are
associated with increased adipocyte mass and insulin sen-
sitivity (in rats) and increased insulin resistance and preva-
lence of metabolic syndrome in humans (28).

Among the adequacy components, dairy score was
negatively related to WC and BMI; as a valuable predictor
of central and general obesity. The reverse relationship be-
tween dairy consumption and obesity may be due to the
calcium content and particular fats and bioactive peptides
which was proven before (29).

In addition, the score of fatty acid (mono and poly satu-
rated ratio to saturated fats) was negatively related to BMI
at the crude model, but not significantly when adjusted for
other confounders in this study. One-point increase in sat-
urated fat score (HEI-2005) may be related to 3.1% decrease
in abdominal obesity risk (7). This can be explained as a
higher HEI component score for this nutrient shows meet-
ing or close to meeting recommendations of 10% or less
of energy from saturated fatty acids (7), which has been
proven to be associated with obesity (30).

Another finding among the HEI moderation sub-
groups was negative relationship of refined grains and
empty calorie scores with WC and BMI anthropometric in-
dices, when the socio-economic factors and total energy in-
take were adjusted. As mentioned before, energy intake
can seriously affect this scoring system and should be con-
sidered.

Discretionary fat and added sugar (existing in empty
calorie foods) play an important role in general and central
obesity morbidity due to high calorie content (21).

Furthermore, weight gain has been shown to be in-
versely associated with the intake of high-fiber meals in-
cluding fruits and vegetables and whole-grain foods (26),
but positively related with the intake of refined-grain
foods as they are calorie-dense and usually considered un-
healthy dietary patterns (26).

The trend of central obesity according to the score of
total fruit, whole fruit and total vegetables in combina-
tion was decreasing especially with regard to total vegeta-
bles score (similarly due to fiber and antioxidant content)
(25). These findings are consistent with NHANES III study
on American males and females (25).

The results of the present observational study should
be interpreted cautiously for its self-reporting nature and
possible under- and over-estimation of particular food
items. Furthermore, according to the HEI scoring system,
even those who consumed more than the recommended
amount of food groups received full score, which may be
considered a limitation because they were not approved
according to the cut-offs (21). In addition, the existing cri-
teria for abdominal obesity diagnosis for the Asian adult
population is ≥ 88 cm for women, which was not con-
sidered in this study. Alternatively, the current study pro-
vides novel information regarding the relationship of a
diet quality index and its components with obesity. Other
strengths of the current study are a high participation rate
(89%), population-based sampling and adjusting various
confounders especially socio-economic status, which in-
fluenced the results.

5.1. Conclusions

This study reports new findings about HEI-2010 diet
quality index and obesity in an Iranian population. Over-
all, the results showed a lower risk of general and abdomi-
nal obesity with higher quality of diet. In addition, higher
intakes of dairy, fruits and vegetables and preventing high
consumption of empty calorie foods, sodium, saturated
fatty acids and refined grains are recommended to reduce
obesity. Therefore, probably the components of a diet qual-
ity index can be independently beneficial for weight man-
agement. Considering our cross-sectional method, future
research is recommended to examine the relationship of
adiposity with HEI-2010 and its component scores in larger
sample sizes.
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