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Abstract

Background Metabolic syndrome (MetS) is one of the leading public health issues in the world with a reported
prevalence of nearly 25% in the past decades in Iran. The present research aimed to identify the association between
the Healthy Eating Index (HEI) and MetS components among female teachers.

Methods In this cross-sectional study, 97 female teachers aged 31-57 years were enrolled from 2018 to 2019 in
Qom, Iran. Usual dietary intakes were assessed using a validated 168-item Food Frequency Questionnaire (FFQ). HEI-
2015 was calculated according to the consumption of whole fruits, vegetables, protein foods, beans, seafood, plant
proteins, total and refined grain, dairy, fatty acid ratio, saturated fats, added sugars, and sodium. We also measured
anthropometric and biochemical parameters. To evaluate the association between HEI-2015 and MetS, multivariate
logistic regression was performed.

Results MetS was found in 59.8% of participants. Total HEI-2015 scores were significantly lower in participants with
MetS compared to those without MetS (59.69+8.98 vs. 64.21 +8.71, respectively; p=0.02). Daily energy intake, weight,
body mass index, waist circumference, systolic and diastolic blood pressure, serum triglyceride, and fasting blood
sugar levels were higher in women with MetS (all p <0.05). Higher HEI-2015 total scores (OR: 0.94; 95% Cl: 0.89-0.99;
p=0.02) and scores of total vegetables (OR: 0.62; 95% Cl: 0.42-0.91; p=0.02), dark green vegetables and beans (OR:
0.62;95% Cl: 0.39-0.98; p=0.04), fatty acid ratio (OR: 0.83; 95% Cl: 0.68-0.99; p=0.04), refined grain (OR: 0.86; 95% CI:
0.75-0.99; p=0.04), and added sugars (OR: 0.44; 95% Cl: 0.26-0.75; p=0.002) were all associated with lower odds of
having MetS.

Conclusions Higher HEI-2015 scores, particularly in total vegetables, dark green vegetables, beans, and fatty acid
ratio, as well as refined grain and added sugars were found to be associated with reduced odds of having MetS
among Iranian female teachers. However, further prospective studies are required to confirm this finding.
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Introduction

Metabolic syndrome (MetS) refers to the clustering of
components characterized by abdominal obesity, hyper-
tension, lipid disorders, and impaired glucose homeo-
stasis [1]. Numerous definitions of MetS have been
proposed by the World Health Organization (1999),
the World Diabetes Federation (2006), and the Ameri-
can Heart Association (2005) [2]. However, the defini-
tion posed by the Adult Treatment Panel III (ATP III) is
believed to be more appropriate for clinical applications
[3]. According to the ATP III, the existence of three or
more criteria indicates the presence of MetS. These cri-
teria include elevated fasting blood sugar (FBS) to more
than 100 mg/dl, serum triglyceride (TG) to more than
150 mg/dl, waist circumference (WC) to more than
88 c¢m in women and 102 cm in men, blood pressure
(BP) to more than 130 mmHg for systolic or greater than
85 mmHg for diastolic, and decreased serum high-den-
sity lipoprotein cholesterol (HDL-C) levels to less than
50 mg/dl in women and less than 40 mg/dl in men [4].
MetS increases the risk of cardiovascular disease, type
2 diabetes mellitus, polycystic ovary syndrome, nonal-
coholic fatty liver disease, cancers, and stroke [5]. It has
been reported that about 10-25% of adults throughout
the world [6] and 34.7% of the Iranian population suffer
from MetS [7]. Furthermore, women are more prone to
MetS than males in Middle Eastern countries [8].

Although the exact etiology of MetS remains unclear,
it appears to be due to the interaction of genetic, meta-
bolic, and environmental factors [9]. Lifestyle factors,
like dietary intake, play an essential role in MetS patho-
physiology [10]. Due to the fact that foods and macro-/
micro-nutrients are rarely consumed in isolation, study-
ing dietary patterns can help to examine the overall
impact of the entire diet on MetS and its components,
thereby providing a practical approach for dietary rec-
ommendations and MetS management [11-13]. In this
regard, the Healthy Eating Index (HEI) has been consid-
ered to assess the diet quality in different societies with
different food patterns, so that a higher HEI score indi-
cates a higher diet quality [14]. It has been shown that
the highest level of adherence to the HEI is significantly
associated with a reduced risk of cardiovascular disease,
cancer, type 2 diabetes mellitus, and all-cause mortality
[15]. However, a multiethnic cohort study including over
89,185 participants failed to indicate any significant asso-
ciation between adherence to the HEI and the risk of type
2 diabetes; the authors attributed this issue to the ethnic
differences and different consumption patterns of food
components [16].

Since diet quality plays an important role in the preven-
tion and management of chronic diseases, conducting
studies in various populations is required for evaluating
dietary intakes. A cross-sectional study among Iranian
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population showed that higher adherence to a high-
quality diet based on Diet Quality Index-International
(DQI-I) was associated with a lower chance of develop-
ing MetS in men, and not in the overall population [17].
However, another study did not show a significant associ-
ation between adherence to the Main Meal Quality Index
(MMQI) and MetS and its components among Iranian
men and women [18].

There is limited research to determine diet quality
based on HEI and the MetS risk among Iranian popula-
tions. Only one study reported that higher adherence
to the HEI-2010 total score reduced the risk of MetS by
28% among Iranian adult women [19]; however, HEI-
2010 component scores were not evaluated with the
risk of MetS. Considering the higher prevalence of MetS
among women, it is essential to evaluate the diet qual-
ity of women to make healthy diet recommendations for
MetS management. Accordingly, the present study was
conducted from 2018 to 2019 to investigate the relation-
ship between HEI-2015 scores and MetS among female
teachers in Qom, Iran.

Methods

Participants

This cross-sectional study included non-menopausal
female teachers aged 30-55 years to minimize the con-
founding effect of hormonal changes in menopause on
the association between HEI-2015 scores and MetS [20].
The sample size was determined based on the informa-
tion extracted from the study by Shahvazi S et al. [21].
Considering a 95% confidence level, 80% statistical power,
an odds ratio (OR) of 0.48 for MetS in the highest tertile
compared with the lowest tertile of HEI-2010 score, and
a 42% prevalence rate of MetS among Iranian women
[19], the sample size was calculated as 97 subjects using
the G*Power (version 3.1) software. To minimize selec-
tion bias, multistage cluster sampling was performed.
In the first stage, the regions were selected based on the
classification of school districts. In the second stage, a
proportional number of women’s schools were randomly
selected in each district. Finally, in the third stage, the
individuals were selected by convenience sampling in
each school. After confirming the inclusion and exclu-
sion criteria, all individuals voluntarily participated in the
study. Pregnant and lactating women were not included
in this study. Moreover, smoking, following a special diet,
being a professional athlete, and taking medications such
as systemic steroids, nonsteroidal anti-inflammatory
drugs (NSAIDs), and antipsychotics were considered as
the exclusion criteria.

Data collection
We collected the general information of participants,
including age, marital status, medical history, as well as
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medication and dietary supplement using a question-
naire. Anthropometric data, including height, weight,
body mass index (BMI), and WC were obtained under
standardized conditions. Height was measured without
shoes in an upright position using a fixed non-stretchable
tape with a precision of 0.5 cm. Weight was measured in
light clothing by a Seca scale to the nearest 0.1 kg. BMI
was calculated as weight (kg) divided by squared height
(m?). Waist and hip circumferences were measured at the
narrowest level and largest part, respectively, with a non-
stretchable tape and recorded to the nearest 0.1 cm. Clin-
ical and biochemical examinations included assessment
of blood pressure, HDL-C, TG, and fasting blood sugar
(FBS). Systolic blood pressure (SBP) and diastolic blood
pressure (DBP) were measured twice with a sphygmo-
manometer in the right arm after 10 min of rest, and the
mean of the two values was used in the analysis. Venous
blood samples were drawn after an overnight fasting, and
serum samples were stored at 70 °C until analysis. Serum
TG and HDL-C concentrations were measured by enzy-
matic techniques and FBS concentration was determined
by the glucose oxidase method using commercial kits
(Pars Azmoon Inc. Iran).

Dietary intake over the past year was assessed semi-
quantitatively using the Food Frequency Questionnaire
(FFQ). The FFQ used in this study consists of a list of 168
foods and food items along with a standard size of each
food item, designed according to the Willett method.
Because an FFQ is composed of a pre-specified food list,
any single FFQ may not reflect the eating patterns of a
given population. Since FFQs are prone to measurement
error, several studies have been conducted among Ira-
nian population, all confirming the validity and reliabil-
ity for food group intake, nutrients, and dietary patterns
[22-24]. After completing the FFQ, the consumed foods
were coded according to the instructions of Nutrition 4
software to determine energy and nutrients.

The HEI-2015 is the latest version of this index
designed in 2015 under the 2015-2020 dietary guide-
lines for Americans [14]. In this method, the scores are
assigned based on 13 food groups with a total maximum
score of 100 [25]. The nine adequacy components of HEI-
2015 contain total fruits, whole fruits, total vegetables,
greens and beans, whole grains, dairy, total protein foods,
seafood and plant proteins, and fatty acids. It also con-
sists of four moderation components, including refined
grains, sodium, added sugars, and saturated fats. Each of
the components is scored on a density basis out of 1,000
calories except fatty acids, which is the ratio of unsatu-
rated to saturated fatty acids. For adequacy components,
the minimum and maximum intakes can range from 0 to
5, respectively [14, 25]. However, regarding dairy, whole
grains, and fatty acids, the maximum score is 10. Con-
sidering the moderation components, the intakes fall
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within the range of 0 to 10 (the lowest intake gets 10 and
the highest intake gets 0) (Table 1). HEI-2015 scores were
obtained from the sum of 13 components from each par-
ticipant (10). Also, the HEI score<50 was considered as
poor, 50 to 80 as needs improvement, and >80 as good
[14, 25].

Physical activity was assessed using the Iranian ver-
sion of the International Physical Activity Questionnaires
(IPAQ) and metabolic equivalent hours per week (MET-h
per week) and then categorized as “light’, “moderate”, and
“heavy” activity [26]. All measurements and interviews
were conducted by a trained nutritionist.

Statistical analysis

The normal distribution of data was checked by Kol-
mogorov—Smirnov test. Regarding quantitative data,
normal data were presented as mean standard deviation
and non-normal data as median (interquartile range).
Meanwhile, qualitative data were presented as frequency
(percentage). To determine the association between HEI
total and component scores with MetS, multivariable
logistic regression analysis was used in different models.
First, the confounding effect of age and BMI was con-
trolled (Model 2). Further statistical control was per-
formed for daily energy intake and physical activity level
(Model 3). All statistical analyses were performed using
the SPSS (Chicago IL, USA; version 18) and P<0.05 was
considered significant.

Results

Subjects’ characteristics

This study was performed on 97 female teachers with a
mean age of 43.87+7.14 years. The general and meta-
bolic characteristics of participants are shown in Table 2.
Women with MetS (n=58) had significantly higher daily
energy intake, weight, BMI, WC, SBP, DBP, serum TG,
and FBS levels compared to the women without MetS
(n=39). However, physical activity level and serum
HDL-C had no significant differences between the two
groups (Table 2).

Association of HEl components with metabolic markers
Table 3 presents the HEI components’ scores along with
the total score of HEI for women with and without MetS.
According to the results, while whole grain and added
sugars had the highest score in women with MetS,
sodium, total protein foods, and total fruit had the low-
est scores in them. Also, the mean scores of “total vegeta-
bles” (p=0.01), “total protein foods” (p=0.02), and “added
sugars” (p=0.002) were significantly lower in women
with MetS. There were no significant differences between
the two groups regarding the scores of other HEI com-
ponents. Moreover, the mean (*standard deviation) of
HEI total score in women with MetS was significantly
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Table 1 HEI-2015" components & scoring standards
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Component Maximum points Standard for maximum score Standard for minimum
score of zero
Adequacy:
Total Fruits’ 5 >0.8 cup equiv. per 1,000 kcal No Fruits
Whole Fruits* 5 >0.4 cup equiv. per 1,000 kcal No Whole Fruits
Total Vegetables® 5 > 1.1 cup equiv. per 1,000 kcal No Vegetables
Greens and Beans® 5 >0.2 cup equiv. per 1,000 kcal No Dark Green Vegeta-
bles or Legumes
Whole Grains 10 >1.5 oz equiv. per 1,000 kcal No Whole Grains
Dairyll 10 >1.3 cup equiv. per 1,000 kcal No Dairy
Total Protein Foods? 5 >2.5 oz equiv. per 1,000 kcal No Protein Foods
Seafood and Plant Proteins®™ 5 >0.8 0z equiv. per 1,000 kcal No Seafood or Plant
Proteins
Fatty Acids™ 10 (PUFAs + MUFASs)/SFAs > 2.5 (PUFAs + MUFAs)/
SFAs<1.2
Moderation:
Refined Grains 10 < 1.8 0z equiv. per 1,000 kcal >4.3 0z equiv. per
1,000 kcal
Sodium 10 < 1.1 gram per 1,000 kcal >2.0 g per 1,000 kcal
Added Sugars 10 <6.5% of energy >26% of energy
Saturated Fats 10 <8% of energy >16% of energy

HEI-2015, Healthy Eating Index-2015

*Intakes between the minimum and maximum standards are scored proportionately. The total HEI score is the sum of the adequacy components (i.e. foods to eat
more of for good health) and moderation components (i.e. foods to limit for good health)

tIncludes 100% fruit juice
FIncludes all forms except juice

§Includes legumes (beans and peas)

|[[Includes all milk products, such as fluid milk, yogurt, and cheese, and fortified soy beverages

fincludes legumes (beans and peas)

**Includes seafood, nuts, seeds, soy products (other than beverages), and legumes (beans and peas)

ttRatio of poly- and monounsaturated fatty acids (PUFAs and MUFAs) to saturated fatty acids (SFAs)

lower than that of women without MetS (59.69+8.98 vs.
64.21+8.71, respectively; p=0.02).

The results of multivariable-adjusted ORs for MetS
risk across HEI components’ scores, as well as HEI total
score, are outlined in Table 4.

The scores of total vegetables (OR: 0.62; 95% CI: 0.42—
0.91; p=0.02), as well as dark green vegetables and beans
(OR: 0.62; 95% CI: 0.39-0.98; p=0.04) were associated
with lower odds of having MetS in the crude model. After
adjusting for age, BMI, daily energy intake, and physical
activity level, higher scores of fatty acid ratio (OR: 0.83;
95% CI: 0.68—0.99; p=0.04) and refined grain (OR: 0.86;
95% CI: 0.75-0.99; p=0.04) were associated with lower
odds of having MetS. Also, the score of added sugars and
the HEI total score were associated with lower odds of
MetS in both crude and adjusted models (Table 4).

Discussion

MetS, characterized by abdominal obesity, hypertension,
lipid disorders, and impaired glucose homeostasis, is
associated with the risk of cardiovascular disease, type 2
diabetes, polycystic ovary syndrome, non-alcoholic fatty
liver disease, cancer, and stroke [5]. Diet, as an efficient

environmental factor, has an important role in the man-
agement of MetS [9]. One of the issues considered in
recent years is using methods to evaluate the dietary pat-
terns and the quality of the diet consumed by individu-
als. According to some previous studies, higher quality of
the diet and conformity to the HEI have been associated
with a lower risk of developing MetS among women [27].
There are numerous studies investigating the association
between HEI and various chronic diseases worldwide.
Although dietary patterns and quality of the diet have
been extensively studied, the optimal diet for MetS has
not been known yet [28, 29].

In the present research, there was an inverse associa-
tion between the HEI-2015 total score and the odds of
having MetS. Similarly, in a previous study, an inverse
association between MetS and HEI was reported in
226 elderly [30]. In another study conducted on 4,450
American adolescents, MetS prevalence decreased by
increasing the score of HEI [31]. Tardivo et al. showed
an association between HEI and metabolic risk in 173
postmenopausal women [32]. The mean of the HEI
score in the study by Tardivo et al. was almost simi-
lar to that of our study. However, Heydari-Araghi et al.



Jowshan et al. BMC Women's Health (2024) 24:30 Page 5 of 9
Table 2 Characteristics of the study participants
Variables Total Women with MetS Women without MetS P-value
N=97 N=58 N=39
Mean SD Mean SD Mean SD
Age 44 13 47 14 41 12 0.001
Daily energy intake (kcal) 1797 520 2067 439 1737 303 <0.001
Weight (kg) 64.5 9.1 69.17 826 62.5 9 <0.001
Body mass index (kg/mz) 24.69 4.06 2591 417 23.15 3.79 <0.001
N (%) N (%) N (%)
Body mass index category
Low weight (< 18.5) 0 0 0 <0.001
Normal (18.5 to 24.99) 52 (53.6%) 11(28.2%) 41 (70.7%)
Overweight (25 t0 29.99) 36 (37.1%) 20 (51.3%) 16 (27.6%)
Obese (= 30) 9 (9.36%) 8(20.5%) 1(1.7%)
Waist circumference (cm)
>88 41 (42.3%) 28 (71.8%) 13 (22.4%) <0.001
<88 56 (57.7%) 11 (28.2%) 45 (77.6%)
Systolic blood pressure (mmHg)
>130 24 (24.7%) 16 (41%) 8(13.8%) 0.002
<130 73 (75.3%) 23 (59%) 50 (86.2%)
Diastolic blood pressure (mmHg)
>85 28 (28.9%) 20 (51.3%) 8(13.8%) <0.001
<85 69 (71.1%) 19 (48.7%) 50 (86.2%)
Fasting blood sugar (mg/dL)
>100 17 (17.5%) 11(28.2%) 6 (10.3%) 0.02
<100 80 (82.5%) 28 (71.8%) 52 (89.7%)
Triglyceride (mg/dL)
>150 33 (34%) 28 (71.8%) 5 (8.6%) <0.001
<150 64 (66%) 11 (28.2%) 53 (91.4%)
HDL-C (mg/dL)
<50 79 (81.4%) 33 (84.6%) 46 (79.3%) 0.51
>50 18 (18.6%) 6 (15.4%) 12 (20.7%)
Physical activity category (MET-h per week)
light (MET <600) 8(8.2%) 4(10.3%) 4 (6.9%) 0.70
moderate (600 < MET < 3000) 82 (84.5%) 33 (84.6%) 49 (84.5%)
heavy (MET >3000) 7(7.2%) 2(5.1%) 5 (8.6%)

MetS, metabolic syndrome; HDL-C, high-density lipoprotein cholesterol; MET, metabolic equivalent of task

Data are reported as meantstandard deviation or frequency (percent)

P-values based on independent sample t-test or Pearson chi-square test

found no significant difference regarding the HEI-2010
score between individuals with and without MetS [33].
The mean HEI score in the study by Heydari-Araghi et
al. was 73.64, which was higher than our study; this may
affect the results. These contradictions in the current evi-
dence are probably because of the heterogeneity in study
designs, measured outcomes, sample sizes, specific food
culture and habits, study population socio-demographic
characteristics, and the used assessment tools.

We also found that a higher intake of total vegetables,
as well as dark green vegetables and beans were asso-
ciated with lower odds of having MetS. In addition, a
higher ratio of poly- and mono-unsaturated fatty acids
to saturated fatty acids in the diet was inversely associ-
ated with MetS. Lower intake of refined grain and added

sugars were also associated with a lower risk of MetS.
Limited studies have determined the association between
HEI-2015 component scores and MetS among women.
Azadbakht et al. conducted a cross-sectional study, indi-
cating an inverse relationship between fruits and veg-
etable consumption and MetS among women in Tehran
[34]. Hooshmand et al. demonstrated that higher scores
of modified HEI components such as fruits, salty snacks,
and fast foods were associated with a decreased risk of
MetS in 424 healthy individuals aged 6-18 years [35].
Tardivo et al. also showed that the association between
poor quality of the diet and metabolic risk in postmeno-
pausal women was related with low whole-grain intake
and high saturated fat consumption [32]. Higher intake
of saturated fatty acids had a potential role in insulin
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Table 3 Comparing the HEI scores of women with and without metabolic syndrome

HEI-2015 Total/Component Score Total Women with MetS Women without MetS (N=39)  P-values*

(N=97) (N=58)

Mean/ SD/IQR Mean/ SD/IQR Mean/ SD/IQR

Median Median Median
Total fruit 317 155 3.34% 1.08¢ 3.09 1.15 0.28
Whole fruit 5 036 5 0.13 5 0.77 0.25
Total vegetables 425 179 3.70 217 482 164 001
Dark green vegetables and beans 5 0.97 5 140 5 0.68 0.06
Whole grain 10 3 9.70 3.90 10 181 0.11
Dairy products 517 239 507% 1.70¢ 557 2.70 0.14
Total protein foods 278 14 249 1.01 3.11f 0.96f 002
Seafood and plant proteins 414 2.03 3.85 2.50 419 1.54 0.13
Fatty acid ratio 433 489 3.28 453 509¢ 2.74% 0.11
Refined grain 6.35 6.97 5.17 6.98 7.12 7.39 0.09
Added sugars 10 101 9.84% 1.88¢ 10 0.1 0.002
Sodium 0 0 0 -
Saturated fats 5.55 3.74 6.08¢ 2.38f 5.38f 2.76f 0.20
Total HEI score 62.40% 9.05f 59.69¢ 8.98f 64.21% 8.71% 0.02

HEI-2015, Healthy Eating Index-2015; SD, Standard Deviation; IQR, Interquartile Range

Normally distributed variables were reported using mean (SD) and non-normally distributed variables were reported using median (IQR)

£ Mean (SD)

* P-values based on independent sample t-test (for normally distributed variables) and Mann-Whitney test (for non-normally distributed variables)

resistance status and could contribute to MetS develop-
ment [36]. Contrary to the study by Esmaillzadeh et al.
[37], Lutsey et al. [38] demonstrated no significant rela-
tionship between fruits and vegetable intake with MetS
incidence. Although Heydari-Araghi et al. found no sig-
nificant difference in HEI-2010 score between individu-
als with and without MetS, they showed that the whole
fruit score was lower in subjects with MetS compared
to healthy subjects. However, they did not find any sig-
nificant differences in total vegetables, dark green, orange
vegetables, and legume scores between the two groups
[33]. It is assumed that the association of fruits, vegeta-
bles, and whole grains with MetS is mediated through
their high content of fiber, phytochemicals, and anti-
oxidants [31]. It has been shown that each 3 g/1000 kcal
increase in fiber intake could decrease the risk of MetS
by 34% [39]. Potential mechanisms have been proposed
to explain this relationship. Fruits, vegetables, and whole
grains contain fiber, phytochemicals, and antioxidants,
which have been shown to reduce blood sugar levels
and improve insulin resistance [3]. Phytochemicals have
antioxidant and anti-inflammatory properties that can
reduce inflammation in the body. Antioxidants can also
help protect cells from damage caused by free radicals
[40].

According to the mentioned studies, the relationship
between HEI components and MetS may be conflicting.
There may be several contradictory factors that could
affect the results, including the cross-sectional nature of
most of the studies, the application of the FFQ question-
naire which is memory-based, race and ethnicity, genetic

differences, and the way of food processing and cooking
like using fried vegetables versus steamed or raw con-
sumed vegetables. Different cooking methods alter the
bioavailability of nutrients and their structure [41, 42].

The major strengths of this study include data analysis
after modifying the potential confounders, using valid
questionnaires, and in-person interviews by trained
nutritionists. However, this research had several limita-
tions, including the probable selection bias in the sam-
pling process, the impossibility of determining causality
due to the cross-sectional nature of the study, and inher-
ent FFQ limitation which is memory-based and may
cause recall bias. Prior knowledge regarding the MetS
condition might influence the subjects’ lifestyle and diet,
which could result in bias. In addition, some unknown
or unmeasured confounding variables such as socioeco-
nomic and cultural differences might affect these find-
ings. It should also be noted that our findings do not
apply to all female populations or males. Further studies
are required to investigate the associations between diet
quality and MetS risk in other populations.

Conclusion

According to the results of this study, higher HEI-2015
scores, particularly in total vegetables, dark green veg-
etables, beans, fatty acid ratio, refined grain, and added
sugars were found to be associated with reduced odds of
having MetS among Iranian female teachers. Thus, the
HEI-2015 score might be an appropriate predictor for
the relationship between diet quality and MetS among
Iranian women based on the associations between the
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Table 4 The multiple regression model to assess the relation of metabolic syndrome risk with HEl components’ scores

HEI components Model 1 Model 2 Model 3 HEI components Model 1 Model 2 Model 3
Total fruit Seafood and plant proteins
OR (95%Cl) 1.23(0.85-1.77)  1.04(0.68-1.60) 1.08(0.69-1.66) OR (95%Cl) 0.72(0.49-1.05) 0.78(0.51-1.20) 0.78
(050-1.22)
P-value 0.28 0.86 0.74 P-value 0.09 0.26 0.28
Whole fruit Fatty acid ratio
OR (95%(Cl) 1.51(0.82-2.76)  1.24(0.63-2.43) 1.33(0.68-2.60)  OR (95%Cl) 0.90(0.77-1.04) 0.85(0.72-1.01) 0.83
(0.68-
0.99)
P-value 0.19 0.54 041 P-value 0.15 0.07 0.04
Total vegetables Refined grain
OR (95%Cl) 0.62(0.42-0.91) 0.65(0.41-1.03) 0.65(041-1.04)  OR (95%Cl) 0.92(0.83-1.03) 1.08(0.78-1.02) 0.86
(0.75-
0.99)
P-value 0.02 0.07 0.07 P-value 0.17 0.12 0.04
Dark green vegetables and beans Added sugars
OR (95%Cl) 0.62 (0.39-0.98) 0.87(0.49-1.49) 0.87(0.49-1.55) OR (95%Cl) 0.44 0.48 0.48
(0.26-0.75) (0.26-0.88) (0.26-
0.90)
P-value 0.04 0.58 0.64 P-value 0.002 0.02 0.02
Whole grain Saturated fats
OR (95%Cl) 0.90 (0.76-1.06)  0.87(0.72-1.05) 0.87(0.71-1.06) OR (95%Cl) 1.11(0.95-1.30) 1.06(0.88-1.28) 1.06
(0.87-1.29)
P-value 0.20 0.16 0.15 P-value 0.20 0.55 0.57
Dairy products Total HEI scores
OR (95%Cl) 0.87(0.71-1.06)  1.01(0.79-1.30) 1.05(0.81-1.35)  OR (95%Cl) 0.94 0.94 0.93
(0.89-0.99) (0.88-0.99) (0.88-
0.99)
P-value 0.16 092 0.71 P-value 0.02 0.03 0.02

Total protein foods

OR (95%Cl)
P-value

0.65 (0.42-1.003)
0.05

0.62(0.36-1.05)
0.07

0.59(0.35-1.02)

0.06

Model 1: Crude model.

Model 2: Adjusted for age and BMI.

Model 3: Model 2 + Adjusted for daily energy intake and physical
activity level.

P- values based on logistic regression

scores of these specific components with the odds of hav-
ing MetS. To confirm these findings, further prospective
cohort studies are required to evaluate the causal effects

between HEI-2015 scores and MetS risk over time.
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