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Abstract

Background Metabolic syndrome (MetS) is a common global issue linked to the quality of one’s eating occasions.
The current cross-sectional study evaluates the association between a novel index, the Main Meal Quality Index
(MMQJ), and MetS among Iranian adults.

Methods A total of 824 men and women were recruited, and a 24-hour dietary recall assessed the dietary intake

of the participants. Lunch was selected as the main meal based on energy density. The MMQI score was calculated
based on ten components of dietary intake, with a higher score indicating more adherence to the index, with the final
scores ranging from 0 to 100 points. The associations were assessed using binary logistic regression.

Results The mean age was 42.2 years and the range of the calculated MMQI was 22 to 86 (mean in total participants:
56.62, mean in women: 56.82, mean in men: 55.64). The total prevalence of MetS in the sample was 34%. After
adjustments for potential confounders, the participants at the top quartile of MMQI had a lower odds ratio for
hypertriglyceridemia and low high-density lipoprotein (HDL) level, and a higher odds ratio for hypertension,
hyperglycemia, abdominal obesity, and MetS. The sex-specific analysis also did not show any significant associations
between adherence to MMQI and MetS and its components.

Conclusion Overall, MMQI is not associated with MetS and its components in a sample of Iranian men and women.
More research is needed to examine MMQI and its possible association with current health-related problems
including MetS.
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Introduction

Metabolic syndrome (MetS) is defined as a bundle of
metabolic abnormalities consisting of abdominal obe-
sity, impaired glucose tolerance, high blood pressure,
an upraised triglyceride (TG) level, and a lessened high-
density lipoprotein cholesterol (HDL-C) level (1) that
increases the risk of type 2 diabetes (T2D) fivefold (2)
and doubles the chance of cardiovascular disease (CVD)
(3). Diet, as a key part of behavior adjustment, is benefi-
cial for all the components of MetS (4, 5), such as dys-
lipidemia (6), hypertension (7), adiposity (8), insulin
resistance (9), and hyperglycemia (10, 11), mainly by
contributing to the depletion of additional weight (5).
To interpret this more precisely, the risk of MetS, is pre-
dicted by indicators of diet quality that are utilized in
research worldwide. Because there are so many different
guidelines and requirements for the consumption of vari-
ous nutrients, it is challenging to define clearly what con-
stitutes a high-quality diet (12).

Based upon multiple types of research and estima-
tions over time, several indices have been introduced to
evaluate overall diet quality (13, 14). These indices assess
particular dietary patterns, such as the dietary inflamma-
tory index (DII) (15), or guidelines presented at a regional
level (16). Among demographic and cultural differences,
nutritional scores and indices have been developed for
global populations, independent of social and racial cir-
cumstances. These scores aim to enhance the quality of
eating when facing a specific condition or as a habitual
diet guideline (17, 18). Most of these recommendations
have some components in common, for instance increas-
ing the daily consumption of vegetables, fruits, fibers,
and whole grains, and reducing the intake of saturated
fats, processed foods, and sugary products (19). On the
other hand, focusing on the meals consumed by people
might be a more straightforward method for understand-
ing the significance of healthy intake in the prevention
of chronic diseases, as has been shown through different
studies on this particular issue (20-22).

This led to the development of a novel indicator for
assessing diet quality named the Main Meal Quality
Index (MMQI), which is specifically designed for the
main meal of the day (23), as dietary guidelines based on
meals may be a useful tool in aiding people to maintain
a healthy lifestyle due to their easy-to-understand and
comprehensive nature (24, 25). In addition, a single meal
could be sufficient to promote health benefits (26).

No previous study has evaluated the association
between meal quality and MetS in Iranian adults. Due to
the high prevalence of MetS in Iranians (30.4%) (27), this
study aims to inspect the association between MMQI (in
this case, lunch, as the main contributor to the total daily
energy intake) and the probability of MetS and its com-
ponents in Iranian adults for the first time.
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Subjects and methods

Study design and participants

The current cross-sectional study was conducted on 824
healthy adults attending health centers affiliated with
Tehran University of Medical Sciences in 2017-2018 who
were sorted out by a multi-stage cluster random sam-
pling method from the 5 regions (north, south, west, east,
and center) of Tehran. Multiple health centers from each
region were chosen, and qualified individuals from each
center were selected by the mean of easy sampling, based
on the proportion of the total number of people refer-
ring to a health center. The study sample size of 850 was
calculated employing the formula: n = (pqz®)/E?, contem-
plating that n=sample size; z* = square of the confidence
level in standard error units (1.96); p=the estimate of the
proportion of healthy adults; g=1—p, or the estimated
proportion of people with metabolic syndrome; and E* =
the square of the maximum allowance for error between
the true proportion and the sample proportion (0.04) (28,
29). The inclusion criteria were adults in the age range
of 20 to 60 years, apparently healthy, eager to participate
in the study, a member of a health center, and a resident
of Tehran. They were informed about the purpose of the
study and filled out the consent to participate in it. The
exclusion criteria consisted of a history of diabetes, can-
cer, and CVD, a possible change to the usual diet before
participation, and lactating and pregnant women. A
demographic questionnaire consisting of age, sex, educa-
tion, marital status, occupation, and smoking status was
used by experienced interviewers to gather and record
general information about the subjects.

Anthropometric measures and blood pressure

We used a stadiometer with a sensitivity of 0.1 cm (Seca,
Hamburg, Germany) and a digital scale instrument with a
precision of 0.1 kg (808Seca; Seca) to evaluate anthropo-
metric measures compromising body height and weight.
Participants were dressed in light clothing without
shoes. Body Mass Index (BMI) was calculated individu-
ally and participants were divided into four categories of
underweight (<18.5), normal (<18.5-24.92>), overweight
(£25-29.92), and obese (=30) (30). Waist and hip cir-
cumferences were measured between the iliac crest and
lower ribs by a flexible measuring tape. Physical activity
was evaluated using a validated International Physical
Activity Questionnaire (IPAQ) (31). Systolic and diastolic
blood pressure were evaluated in a sitting stance by a
digital sphygmomanometer (BC 08; Beurer, Ulm, Ger-
many) after a resting time of ten to fifteen minutes. Blood
pressure was measured twice in each participant and the
average amount was entered into the analysis.
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Dietary assessment

The dietary intake of the participants was recorded using
a 24-hour recall questionnaire on three non-consecutive
days. A trained dietician collected the first recall via a
face-to-face interview, and the next two recalls were
gathered by phone calls on random days of the week.
Meals, energy, and food groups were determined by
the dietary recalls, and micro and macronutrients were
extracted utilizing the Nutritionist IV software.

Meal definitions

Meals were known as occasions where large amounts
of food were consumed or were standardized based on
time of consumption (32, 33) to contain no more than
one breakfast, lunch, and dinner, but allow for multiple
snacks. Based on prior studies, breakfast was defined
as an eating occasion where a large amount of food or
energy was consumed between 5:00 and 11:00; lunch, if it
was consumed between 11:00 and 16:00; and dinner, if it
was eaten between 16:00 and 23:00 (34).
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Calculating MMQI

The main meal of the day, lunch, was selected based on
its contribution to total calorie intake, and the MMQI
was evaluated by the standards stated by Gorgulho et
al. The components and scoring system are expressed
in Table 1 (23). The MMQI is based on 10 components:
fruit, vegetables (except potatoes), animal protein/total
protein ratio, fiber, carbohydrates, total fat, saturated
fat, processed meat, sugary beverages and desserts, and
energy density. A score range of 0 to 10 points is clari-
fied for every single component; thus, the final score var-
ies between 0 and 100 points for each individual. To get
the maximum score, an individual must consume at least
80 grams of fruit and 160 grams of vegetables during the
main meal. More than 20% of the protein intake must
come from plant sources, and a minimum of 10 grams
of dietary fiber should be consumed. Based on the WHO
recommendation, total carbohydrates ought to supply
above 55% of total energy intake (maximum 75%), total
fat below 30% of total energy intake (minimum 15%), and

Table 1 Mean MMQI scores and distribution of adults in MMQI categories according to socioeconomic, demographic and

anthropometric characteristics

Characteristics Mean 95%ClI P Total 1st 2nd 3rd *P
popu- ter- ter- ter- value
lation tile tile tile
(n) (n) (n) (n)

Overall population 56.62 5585-5737 - 824 275 275 274 -

Sex

Men 5559 53.74-5745 0231 142 48 49 45 090

Women 56.82 55.99-57.66 682 227 226 229

Body weight status

Underweight 4990 4542-5438 0.167 10 7 2 1 0.19

Normal 5649 55.14-57.83 270 95 85 90

Overweight 56.37 55.18-57.56 332 111 114 107

Obese 5746 55.94-58.99 212 62 74 76

Education

llliterate 5793 5496-6090 0346 55 15 16 24 066

Under-diploma 56.90 55.35-5846 195 65 65 65

Diploma 5707 55.73-5841 286 93 95 98

Academic 55.70  54.44-56.96 288 102 99 87

Occupation

Employed 5599 5473-57.26 0295 302 104 103 95 081

Housekeeper 57.24 56.20-58.28 431 139 143 149

Retired 5691 53.48-60.35 47 13 17 17

Unemployed 5463 50.98-58.28 43 18 12 13

Marital status

Single 5554 5342-5766 0540 111 40 38 33 096

Married 56.88 56.04-57.72 664 218 222 224

Divorced 56.50 48.21-64.79 12 4 3 5

Widowed 5503 50.89-59.16 37 13 12 12

Smoking

Non-smokers 56.58 55.80-5735 0654 796 266 266 284 0.74

Smokers 5754 5356-6152 28 9 9 10

*Mean and 95% confidence intervals (95% Cl) are described and p-value between groups using ANOVA. Number of participants in each category of MMQI were

evaluated using Pearson’s chi-square.
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saturated fat lower than 10% of total energy intake. Com-
plete avoidance of sugary beverages, desserts, and pro-
cessed meats is considered optimal, and lastly, an energy
density of less than 1.25 kcal/g is applied for a perfect
MMAQI score. The correlation between MMQI and deter-
mined nutrient intake of the lunch meal was assessed
using univariate linear regression, adjusting for age and
sex.

Laboratory investigations

Each participant provided a 12-hour fasting blood sam-
ple for the quantification of fasting plasma glucose (FPG),
TG, and HDL. Blood samples were measured by standard
methods at the Nutrition and Biochemistry Laboratory of
the School of Nutritional Sciences and Dietetics at Teh-
ran University of Medical Sciences. Glucose was assayed
by the enzymatic (glucose oxidase) colorimetric method.
Commercial kit (Pars Azmoon, Tehran, Iran). Serum
total cholesterol (TC) and high-density lipoprotein-
cholesterol (HDL-C) were measured using a cholesterol
oxidase phenol amino antipyrine method, and triglyc-
eride (TG) was measured using a glycerol-3 phosphate
oxidase phenol amino antipyrine enzymatic method. All
these tests were done by commercial kits (all from Pars
Azmoon, Iran) using an auto-analyzer system (Selectra E,
Vitalab, the Netherlands).

Metabolic syndrome definition

We used the criteria of the National Cholesterol Educa-
tion Program Adult Treatment Panel III (NCEP ATP III)
to define MetS. As per the guideline, MetS is explained
as the presence of three or more of the following criteria:
1) increased waist circumference (WC) (>102 cm [>40
in] for men, >88 c¢cm [>35 in] for women); 2) elevated
TG (=150 mg/dl); 3) low HDL cholesterol (<40 mg/dl in
men, <50 mg/dl in women); 4) hypertension (=130/>85
mmHg); and 5) impaired fasting glucose (=110 mg/dl)
(35).

Statistical analysis

We utilized the Statistical Package for the Social Sciences
(SPSS version 26; SPSS Inc., Chicago, IL, USA) to carry
out all of the statistical analyses. The p<0.05 was consid-
ered significant. We used a one-way analysis of variance
test (ANOVA) to compute the mean of the participants
for every component of the MMQI, and the association
between MMQI and nutrient intake was assessed by lin-
ear regression, adjusting for age and sex. Subsequently,
the MMQI score was divided into tertiles and the gen-
eral characteristics of subjects among tertiles of the index
score were compared using Chi-square for qualitative
variables and the ANOVA test for continuous variables.
The mean level of the biochemical parameters was also
compared across tertiles of MMQI using analysis of
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covariance (ANCOVA). We used binary logistic regres-
sion to assess the relationship between MMQI and the
likelihood of MetS in the crude Model, Model 1, adjusted
for education, occupation, marital status, smoking status,
and activity score, and Model 2, additionally adjusted for
sex, age, and mean energy intake. The first tertile of the
MMQI was considered the reference category. Due to the
sex differences in etiology, biology, and clinical expres-
sion of MetS, we conducted the analyses on men and
women separately.

Results

Twenty-six participants dropped out due to under or
over-reporting of energy intake, and the final sample size
of 824 people entered the concluding analysis (Fig. 1).
The majority of the sample size were women, non-smok-
ers, the married, housekeepers, with an academic degree.
The mean age of the participants was 42.2+10.5 years.
Table 1 shows the general characteristics of participants
across MMQI categories. Women had a higher aver-
age score of MMQI compared to men (P=0.23). Also,
obese participants (P=0.17), smokers (P=0.65), married
participants (P=0.54), illiterates (P=0.35), and house-
keepers (P=0.29) possessed a higher mean MMQI score
than others in their subgroup, but none of them were
significant.

The standard for scoring and the mean of each compo-
nent of the MMQI in the study population is presented
in Table 2. The 25th, 50th, and 75th percentiles of MMQI
score for every dietary component are also shown in
Table 2.

Results of Table 3 shows that the final score was posi-
tively associated with carbohydrates (P<0.001), calcium
(P=0.01), vitamin A (P=0.04), and vitamin C (P<0.001),
and was negatively associated with the energy (P<0.001),
protein (P<0.001), total fat (P<0.001), saturated fat
(P<0.001), cholesterol (P<0.001), polyunsaturated
fat (PUFA) (P<0.001), monounsaturated fat (MUFA)
(P<0.001), zinc (P<0.001) and sodium (P=0.01).

Metabolic biomarkers of the study participants across
the tertiles of the MMQI are presented in Table 4. After
adjusting for sex, age, occupation, marriage, smoking,
energy intake, physical activity, and education, subjects
in the highest quartile had a higher value of TC, LDL,
HDL, SBP, DBP, and BMI. Also, compared with the par-
ticipants in the first tertile of the MMQI, those in the
top quartile had a lower value of FPG and TG, while WC
was the same value between the first and the last tertile,
although only DBP showed statistically significant results
(P=0.03).

Multivariate adjusted odds ratios and 95% confidence
intervals for metabolic syndrome and its components
across tertiles of MMQI in the total population, women,
and men are provided in Table 5. In the total population,
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1. Flow diagram of study participants
Participants recruited for the
study
(n=850)
Participants excluded from
the study
- (n=26)
'
Participants entered the final

analysis

(n=824)
Figure 1 Flow diagram of study participants
Table 2 Main Meal Quality Index components, standards for scoring and average values
Components Standard for maxi- Standard for mini- Mean SEM Lower Upper P25 P50 P75

mum score (10) mum score (0) Cl Cl

Fruit >80 0 0.55 0.034 049 0.62 0.00 0.00 1.00
Vegetable (excluded potato) >160 <80 0.96 0.076 0.82 1.10 0.00 0.00 0.00
Animal protein/ total protein <80% 100% 8.63 0.115 839 8.87 10.00 1000  10.00
Fiber >10 <7 2.76 0.137 248 3.06 0.00 0.00 6.00
Carbohydrate >55% of total energy <40 of total energy 5.71 0.124 546 593 3.00 6.00 9.00
Total fat <30% of total energy ~ >40% of total energy 557 0139 5.28 584 1.00 6.00 10.00
Saturated fat <10% of total energy > 13% of total energy 843 0115 8.20 8.65 1000 1000  10.00
Processed meat 0 portion 1 portion (190 kcal) 9.70 0.045 9.61 9.78 10.00 1000 10.00
Sugary beverages and desserts 0 portion 1 portion (110 kcal) 947 0.046 9.37 9.55 1000 1000 10.00
Energy density <1.25kecal/ gr >1.65 keal/gr 483  0.158 453 513 0.00 500 10.00
Final score - - 56.62 0388 55.85 57.37 4900 57.00 65.00

Abbreviations: SEM, standard error of the mean

those who were in the highest tertile of the MMQI were
more likely to have MetS (OR: 1.04; 95% CI: 0.70,1.54;
P=0.86), hypertension (OR: 1.04; 95% CI: 0.63,1.69;
P=0.91), hyperglycemia (OR: 1.15; 95% CI: 0.81,1.64;
P=0.42), and greater abdominal obesity (OR: 1.14; 95%
CI: 0.72,1.79; P=0.58), and a lower risk of hypertriglyc-
eridemia (OR: 0.92; 95% CI: 0.61,1.25; P=0.43) and low
HDL-C level (OR: 0.97; 95% CI: 0.68,1.37; P=0.86), com-
pared with participants in the lowest tertile of MMQI

after adjustment of possible confounders. In the sex
subgroups, women in the highest tertile had a lower OR
for hypertriglyceridemia (OR: 0.88; 95% CI: 0.60,1.13;
P=0.50) and low HDL (OR: 0.92; 95% CI: 0.64,1.34;
P=0.70), and a higher OR for MetS (OR: 1.19; 95% CI:
0.79,1.78; P=0.41), hypertension (OR: 1.06; 95% CI:
0.63,1.80; P=0.87), abdominal obesity (OR: 1.36; 95% CI:
0.92,2.01; P=0.14), and hyperglycemia (OR: 1.15; 95% CI:
0.78,1.68; P=0.49) in the fully adjusted model. In men,
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Table 3 Association between MMQI and nutrient intake

Nutrients B SE 95% Cl *p
value
Energy (kcal) -2.52 053 -356t0-147 <0.001
Carbohydrate (g) 0.40 007 02610054 <0.001
Protein (g) -0.11 002 -0.15t0-006 <0.001
Total fat (g) -041 002 -046t0-036 <0.001
Saturated fat (g) -0.11 001 -0.13t0-0.09 <0.001
Cholesterol (mg) -1.17 0.19 -1.541t0-080 <0.001
Polyunsaturated fat (g) -0.09 001 -0.11t0-0.07 <0.001
Monounsaturated fat (g) -0.13 002 -0.18t0-0.09 <0.001
Zinc (mg) -0.01 0.003 -0.02to <0.001
-0.008
Selenium (mcg) 0.00 0.006 -0.01t00.01 0.99
Iron (mg) 0.02 0.02 -0.031t00.07 043
Calcium (mq) 1.18 037 046t01.90 0.01
Sodium (mg) -4.14 124 -657t0-1.70 0.01
Vitamin A (RE) 1.59 079 030to3.14 0.04
Vitamin E (mg) -0.02 -0.01  -0.03t00.001 0.07
Vitamin C (mg) 0.30 007 015t0044  <0.001

Abbreviations: Cl, confidence interval; MMQI, Main Meal Quality Index. Linear
regression between MMQI and each nutrient adjusted by gender and age

*obtained by linear regression analysis

Table 4 Metabolic biomarkers of participant according to MMQI

tertile
1sttertile  2ndtertile 3rdtertile *P
value

FPG (mg/dl) 1083+£2.12 1068+2.12 1081+2.13 086
TG (mg/dl) 150.1+£4.62 1372+461 1469+464 0.12
TC (mg/dl) 1950264 1940+263 1984+265 046
LDL (mg/dl) 11514227 1168+227 1188+228 051
HDL (mg/dl) 498+060 49.7+060 502+060 0.84
SBP (mmHg) 1180+£087 1169+087 1194+087 0.14
DBP (mmHg) 79.5+0.57 776+0.57 792057 0.03
WC (cm) 89.3+0.66 89.0+066  893+066 093
BMI (kg/mz) 27.0+0.26 274+026  273+026 054

FPG Fasting Plasma Glucose, TG triglyceride, TC total cholesterol, LDL low
density lipoprotein, HDL high density lipoprotein, SBP systolic blood pressure,
DBP diastolic blood pressure, WC waist circumference, BMI body mass index

Values are based on mean +standard error

*adjusted for sex, age, occupation, marriage, smoking, energy intake, physical
activity, and education

high adherence to MMQI was associated with a lower
chance of MetS (OR: 0.43; 95% CI: 0.14, 1.39; P=0.18)
and all of its components. None of these associations in
Table 5 were statistically significant in any model.

Discussion

In this study, no significant relationship was found
between MMQI and MetS and its components, except
for DBP. Furthermore, stratification by sex showed
that MMQI was not associated with the MetS in men
or women. MMQI is one of the indexes that can be
used to assess the quality of meals consumed by differ-
ent populations. It helps to compare the quality of diets
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independently of cultural and social contexts between
countries around the world (36).

To the best of our knowledge, no study has been con-
ducted to investigate the association between MMQI
and MetS. However, accumulating evidence has been
studied on the relationship between the quality of a
habitual diet and chronic diseases. According to a cross-
sectional study by Saraf-Bank et al., performed on 1036
Iranian women, participants with a higher Healthy Eat-
ing Index (HEI) score had a 28% lower chance of devel-
oping MetS (37). Compared to the MMQI, HEI evaluates
the overall diet based on 9 adequacy components and 4
moderation components that may not be adapted well
for the main meals and is quite weakly correlated with
MMQL. In a cohort study on 339 participants, after con-
trolling for potential confounders, adherence to Alter-
native HEI (AHEI) was associated with MetS reversion,
particularly in those with central obesity and those with
high triglycerides (38). In another cohort study on 8719
healthy adults, HEI, Recommended Foods Score (RES),
and Dietary Diversity Score for recommended foods
(DDS-R) were all strong independent negative predictors
of BMI, plasma glucose, and hemoglobin A1C. The RFS
and DDS-R were also inversely related to blood pressure
and serum cholesterol (39). DDS-R is used to assess the
diversity within food groups based on a healthy and bal-
anced diet in various age groups that are calculated based
on the consumption of different food groups includ-
ing grains, meat, vegetables, fruits, and dairy products
which are partially in common with MMQI (40). RES is
calculated using a minimum intake of at least half a serv-
ing of one food item from each of the cereals and white
roots, green leafy vegetables, other vegetables and fruits,
vitamin A-rich vegetables and fruits, organ meat, meat,
fish and seafood, eggs, nut, seeds and legumes, milk, and
dairy food groups (41). Unlike MMQI, DDS-R and RFS
are indicators of the overall diet quality and are not meal-
specific. In another cross-sectional study conducted on
300 obese Iranian adults, lower Diet Quality Index-Inter-
national scores accompanied by food insecurity were
associated with a higher risk of MetS, hypertriglyceride-
mia, reduced HDL, and increased blood pressure (42). In
an article published by Felix et al. on a sample of Brazil-
ian adults and the elderly, Breakfast Quality Index was
associated with lower odds of cardiometabolic risk fac-
tors and MetS (43). The BQI was specifically developed
based on the frequent foods that are eaten at breakfast to
assess the nutritional quality of breakfasts in children and
adolescents and is not available for other types of meals.
In contrast, there was no significant association between
the dietary phytochemical index (DPI) and the odds of
MetS and other components of MetS in adults based on
a cross-sectional study (44). DPI has many components
similar to MMQI including the antioxidant-rich food
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Table 5 Multivariate adjusted odds ratios and 95% confidence intervals for metabolic syndrome and its components across tertiles of

MMQI

st tertile 2nd tertile 3rd tertile P trend*
Hypertriglyceridemia (total)
Crude 1.00 0.76 (0.54,1.07) 0.85 (0.60,1.20) 0.34
Model 1 1.00 0.71(0.50,1.02) 0.86 (0.60,1.23) 0.39
Model 2 1.00 0.70 (0.49,1.00) 0.92 (0.61,1.25) 043
Hypertriglyceridemia (women)
Crude 1.00 0.84 (0.57,1.24) 0.85(0.58,1.25) 040
Model 1 1.00 0.81(0.54,1.19) 0.87(0.59,1.28) 047
Model 2 1.00 0.80(0.53,1.18) 0.88(0.60,1.13) 0.50
Hypertriglyceridemia (men)
Crude 1.00 0.64(0.29,1.42) 0.96 (0.42,2.20) 091
Model 1 1.00 0.63(0.28,1.41) 0.95(0.41,2.19) 0.90
Model 2 1.00 0.60 (0.26,1.38) 0.96 (0.42,2.23) 092
Hypertension (total)
Crude 1.00 0.64 (0.39,1.05) 1.00 (0.64,1.58) 098
Model 1 1.00 0.56 (0.33,0.95) 1.07 (0.66,1.74) 0.80
Model 2 1.00 0.56 (0.33,0.95) 1.04 (0.63,1.69) 0.91
Hypertension (women)
Crude 1.00 0.65(0.37,1.12) 1.01 (0.62,1.66) 0.98
Model 1 1.00 0.58(0.33,1.02) 1.10 (0.65,1.86) 0.76
Model 2 1.00 0.57 (0.32,1.02) 1.06 (0.63,1.80) 0.87
Hypertension (men)
Crude 1.00 0.66 (0.21,2.08) 0.77 (0.24,2.43) 0.64
Model 1 1.00 0.56 (0.17,1.85) 0.64(0.19,2.14) 0.46
Model 2 1.00 0.61(0.18,2.06) 0.64(0.19,2.18) 048
Hyperglycemia (total)
Crude 1.00 1.06 (0.76,1.48) 1.13(0.81,1.58) 046
Model 1 1.00 1.02 (0.72,1.44) 1.17 (0.83,1.67) 0.36
Model 2 1.00 1.02 (0.72,1.45) 1.15(0.81,1.64) 042
Hyperglycemia (women)
Crude 1.00 0.99 (0.68,1.43) 1.12(0.78,1.62) 0.54
Model 1 1.00 0.94 (0.64,1.38) 1.17(0.80,1.71) 042
Model 2 1.00 0.94 (0.64,1.38) 1.15(0.78,1.68) 049
Hyperglycemia (men)
Crude 1.00 1.15(0.52,2.56) 0.85(0.37,1.96) 0.71
Model 1 1.00 1.33(0.58,3.07) 0.94(0.39,2.25) 0.91
Model 2 1.00 144 (0.60,341) 0.94(0.39,2.28) 091
Low HDL-C (total)
Crude 1.00 1.23(0.88,1.71) 0.92 (0.66,1.29) 0.63
Model 1 1.00 1.26 (0.89,1.78) 0.97 (0.69,1.37) 0.87
Model 2 1.00 1.26 (0.89,1.78) 0.97 (0.68,1.37) 0.86
Low HDL-C (women)
Crude 1.00 1.25(0.87,1.82) 0.95 (0.66,1.37) 0.81
Model 1 1.00 1.27 (0.87,1.85) 0.93 (0.64,1.34) 0.72
Model 2 1.00 1.27(0.87,1.84) 0.92 (0.64,1.34) 0.70
Low HDL-C (men)
Crude 1.00 1.29 (0.56,2.95) 0.73(0.30,1.78) 0.51
Model 1 1.00 141 (0.60,3.29) 0.73(0.29,1.83) 0.52
Model 2 1.00 1.50 (0.63,3.58) 0.71(0.28,1.80) 0.50
Abdominal obesity (total)
Crude 1.00 0.98(0.70,1.37) 1.17 (0.83,1.63) 0.36
Model 1 1.00 0.87 (0.56,1.36) 1.17(0.75,1.84) 049

Model 2 1.00 0.87 (0.56,1.36) 1.14(0.72,1.79) 0.58
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Table 5 (continued)

st tertile 2nd tertile 3rd tertile P trend*
Abdominal obesity (women)
Crude 1.00 0.97 (0.67,1.40) 1.28 (0.89,1.85) 0.19
Model 1 1.00 0.88 (0.60,1.31) 141 (0.96,2.08) 0.09
Model 2 1.00 0.89 (0.60,1.33) 1.36 (0.92,2.01) 0.14
Abdominal obesity (men)
Crude 1.00 1.04 (0.40,2.75) 047 (0.15,1.52) 0.23
Model 1 1.00 0.93 (0.34,2.50) 042 (0.13,1.37) 0.16
Model 2 1.00 0.76 (0.27,2.17) 041(0.12,1.42) 0.16
Metabolic syndrome (total)
Crude 1.00 0.98 (0.68,1.40) 1.02 (0.71,1.46) 0.90
Model 1 1.00 0.89(0.60,1.31) 1.06 (0.71,1.57) 0.78
Model 2 1.00 0.89(0.60,1.32) 1.04(0.70,1.54) 0.86
Metabolic syndrome (women)
Crude 1.00 1.06 (0.72,1.56) 1.15(0.78,1.68) 048
Model 1 1.00 0.99 (0.66,1.49) 1.22 (0.82,1.83) 033
Model 2 1.00 0.99 (0.66,1.49) 1.19(0.79,1.78) 041
Metabolic syndrome (men)
Crude 1.00 1.15 (0.46,2.90) 0.52(0.17,1.54) 0.27
Model 1 1.00 1.20 (0.45,3.15) 046 (0.15,1.44) 0.20
Model 2 1.00 1.29 (0.48,3.50) 043(0.14,1.39) 0.18

*Obtained by logistic regression analysis

Model 1 adjusted for age, sex (for total population), mean energy intake, smoking and physical activity, body mass index

Model 2 additionally adjusted for occupation, education and marriage

groups fruits, and vegetables, but is not exclusively for
meals (45). Discrepancies in the findings of studies may
be related to the effect of circadian rhythm on metabo-
lism. It seems that changes in food composition or
feeding time may result in a differential response of the
circadian clock.

A meta-analysis by Tian et al. showed that fruit and
vegetable intakes, two components of the MMQI, were
inversely associated with the risk of MetS (46). Other
meta-analyses on observational studies by Zhang and
Zhang, and Lee et al. confirmed the former results (47,
48). Another meta-analysis by Chen et al. found a nega-
tive association between dietary fiber intake and MetS
(49). Other components of the MMQI also were influ-
ential on the prevalence of MetS per previous research
(50, 51). We also did not detect any significant difference
between men and women in the association of MMQI
and MetS. Although sex has a significant role in deter-
mining biomarker levels of MetS and dietary behavior,
sex consideration in the creation of indices related to
nutrition and biomarkers is not fully studied (52). Based
on the evidence, the effect of sex hormones such as pro-
gesterone, testosterone, and estrogen on appetite, energy
metabolism, and eating behavior might cause a difference
in the obesity prevalence of men and women (53). Fur-
thermore, the under-representation of each sex may have
an impact on the observed outcome (54).

We found no significant association between the meal-
based quality index and the components of MetS. Since
studies regarding meal quality and adverse outcomes
are quite scarce, this study could be of greater value for
future research. Recently, we reported that eating occa-
sions and snack frequency, regardless of diet quality,
increased the risk of MetS (55).

Based on the socioeconomic findings of our study,
women, illiterate participants, smokers, housekeep-
ing wives, and married individuals had a higher quality
of lunch, insignificantly. In a survey of Spanish workers,
being male and smoking tobacco was associated with a
lower-quality of diet (56). In another study on Iranian
adults, a higher quality of eating was positively associ-
ated with education, being a woman, and reversely asso-
ciated with smoking and marriage (57). Although these
results are insignificant, higher consumption of junk
foods in restaurants as lunch might interpret the employ-
ees’ lower quality of lunch compared to housekeepers.
Also. It seems that based on the existing economical gap
in the society of Tehran, those who are wealthier, typi-
cally smoke more often, but in turn, have a higher meal
quality.

In a study, we found that higher daily energy irregu-
larity was linked to poorer consumption of fruits, veg-
etables, legumes, low-fat dairy products, and chicken,
as well as higher consumption of soft drinks, processed
meat, and nuts, and overall, a worse total DASH diet
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score and HEI-2015 (58). Furthermore, Augustina et al.
in a cross-sectional survey of 335 school-going adoles-
cent girls aged 12-19 years from Indonesia, reported
an improvement in nutritional quality and diversity in a
regular meal pattern by highlighting meal frequency and
meal skipping (59). In another study by Gorgulho et al.,
it was revealed that the main meals consumed by adoles-
cents, adults, and the elderly are not nutritionally ade-
quate by assessing nutritional quality of the main meals,
especially when consumed outdoors (23).

Meals appear to be a major driver of nutrient intake
and diet quality. This could be attributed in part to the
meal’s structural properties. Meals may have distinct
effects on food intake, and eating patterns are complex as
they are all linked to the risk factors for cardiovascular
disease, and reduced nutritional intake (60). There was
a negative significant association between energy, pro-
tein, total fat, saturated fat, cholesterol, polyunsaturated
fat, monounsaturated fat, zinc, and sodium intakes, and
MMQI scores. We also found a positive significant asso-
ciation between carbohydrate intake, calcium, vitamin A,
and vitamin C and MMQI scores. A marginally signifi-
cant relationship between vitamin E intake and MMQI
was found. Previous studies have demonstrated the
inverse associations of fruits, vegetables, and MetS (61,
62). High consumption of fruits and vegetables is signifi-
cantly associated with a reduction in MetS (62). In this
regard, this association is mediated by the high content
of fiber, phytochemicals, and antioxidants in fruits and
vegetables (63). Besides the well-known effects of energy
density and sugars on fats on MetS, it seems that multiple
bioactive substances found in each meal, such as poly-
phenols and fibers, act as health boosters. Polyphenols,
concentrated in a large amount in vegetables and fruits
that have anti-inflammatory and antioxidant properties,
are a fantastic way to improve the quality of the meal
By reducing the overproduction of reactive oxygen spe-
cies and suppressing free radicals, polyphenols regulate
cellular and enzymatic processes involved in inflamma-
tory pathways and play a role in glucose homeostasis as
well as decreasing apoptosis and increasing pancreatic-
cell proliferation, although we did not observe it in our
results (64).

In the present study, the large sample size is a signifi-
cant advantage, and an accurate assessment of the dis-
order is another strength of this study. Also, we used
multiple 24-h dietary recalls. There were some limita-
tions when interpreting the findings. The main limitation
is the inability to prove causality due to the cross-sec-
tional design of the study. Certainly, prospective cohort
studies are needed to provide evidence for a causal rela-
tionship. Another concern is incorrect classification. Like
other epidemiological studies, the findings of this study
may not be generalizable due to the nature of the study
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population. Also, the 24-hour food recall may be errone-
ous because it is self-reported. Furthermore, because of
the economic condition in Iran, most people are obli-
gated to gain their daily protein from plant sources that
are significantly cheaper than animal sources, which can
cause a false increase in the MMQI score. Due to the
existence of several clinical definitions of MetS, the find-
ings may change as the MetS definition changes. It should
be noted that in the present study, we used an updated
definition of the Joint Scientific Statement. On the other
hand, the determined waist values for abdominal obesity
in Iran have been obtained from small cross-sectional
studies on non-demonstration samples (65). In this study,
we used international waist circumference cutoff points
to ascertain central obesity. This matter might have a
minor effect on the findings.

Conclusion

MMQI is a new index designed to evaluate the quality
of the main meal of the day. Since there are a few tools
for healthy meal measurement, this index might add
extra prospects to food choice. The findings of this study
showed that the MMQI score can almost be a good pre-
dictor of the quality of the diet - MetS relationship among
Iranians. Further observational and clinical studies are
indeed needed to prove and cement the impact and effec-
tiveness of MMQI on non-communicable diseases and
risk factors, such as MetS.

Abbreviation:

MMQI  Main Meal Quality Index
MetS Metabolic Syndrome
BMI Body Mass Index

WC Waist circumference
SBP Systolic Blood Pressure
DBP Diastolic Blood Pressure

LDL Low-Density Lipoprotein
HDL High-Density Lipoprotein

TC Total Cholesterol
TG Triglyceride
FPG Fast Plasma Glucose

Acknowledgements
Special thanks go to all those who participated in this study.

Author contributions

S.S-B.and K.D.J. conceived and designed the study, M.M. prepared the data.
AM, S.S-B.and MH. performed the analyses. AM., M.H. and F.S. wrote the first
draft of the manuscript, S.5-B. and KDJ critically revised the manuscript, K.D.J.
received financial support for undertaking this study, and all authors have read
and approved the final manuscript. S.5-B. is the guarantor.

Financial Support

This manuscript has been granted by Tehran University of Medical Sciences
(Grant No: 40186). The funder had no role in the study design, data collection
and analysis, decision to publish, or preparation of the manuscript.

Availability of data and materials:
The datasets analyzed during the current study available from the
corresponding author on reasonable request.



Mirrafiei et al. BMC Nutrition (2023) 9:55

Declarations

Conflict of interest
None.

Ethical approval

The sample collection was made possible by the coordination of the Health
Bureau of the Municipality of Tehran and the cooperation of the health care
centers of Tehran. This study was supervised according to the guidelines
rendered in the Declaration of Helsinki and was approved by the ethical
committee of the Tehran University of Medical Sciences (Ethics No. IRTUMS.
VICR.REC.1398.429). Written informed consent was obtained from all subjects.

Authorship

SS-B and KDJ conceived and designed the study, MM prepared the data. AM,
SS-B and MH performed the analyses. AM, MH and FS wrote the first draft of
the manuscript, SS-B and KDJ critically revised the manuscript, KDJ received
financial support for undertaking this study, and all authors have read and
approved the final manuscript. SS-B in the guarantor.

Received: 21 June 2022 / Accepted: 14 March 2023
Published online: 21 March 2023

References

1. Sherling DH, Perumareddi P, Hennekens CH. Metabolic Syndrome. J Cardio-
vasc Pharmacol Therap. 2017;22(4):365-7.

2. DongC, ZhouH, Shen C, Yu LG, Ding Y, Zhang YH, et al. Role of peroxisome
proliferator-activated receptors gene polymorphisms in type 2 diabetes and
metabolic syndrome. World J diabetes. 2015;6(4):654-61.

3. Engin A.The Definition and Prevalence of Obesity and Metabolic Syndrome.
Adv Exp Med Biol. 2017;960:1-17.

4. Timoteo AT. Diet in patients with metabolic syndrome: What is the ideal
macronutrient composition? Rev Port Cardiol. 2018;37(12):1001-6.

5. Castro-Barquero S, Ruiz-Leon AM, Sierra-Pérez M, Estruch R, Casas R. Dietary
Strategies for Metabolic Syndrome: A Comprehensive Review. Nutrients.
2020;12(10).

6.  Trautwein EA, McKay S.The Role of Specific Components of a Plant-Based
Diet in Management of Dyslipidemia and the Impact on Cardiovascular Risk.
Nutrients. 2020;12(9).

7. Ozemek C, Laddu DR, Arena R, Lavie CJ. The role of diet for prevention and
management of hypertension. Curr Opin Cardiol. 2018;33(4):388-93.

8. Fock KM, Khoo J. Diet and exercise in management of obesity and over-
weight. J Gastroenterol Hepatol. 2013;28(Suppl 4):59-63.

9. Gotabek KD, Regulska-llow B. Dietary support in insulin resistance: An
overview of current scientific reports. Advances in clinical and experimental
medicine: official organ. Wroclaw Med Univ. 2019;28(11):1577-85.

10.  Westman EC, Tondt J, Maguire E, Yancy WS Jr. Implementing a low-carbo-
hydrate, ketogenic diet to manage type 2 diabetes mellitus. Expert Rev
Endocrinol metabolism. 2018;13(5):263-72.

11, Stumvoll M, Goldstein BJ, van Haeften TW. Type 2 diabetes: prin-
ciples of pathogenesis and therapy. Lancet (London England).
2005;365(9467):1333-46.

12. Konikowska K, Bombata W, Szuba A, Rézariska D, Regulska-llow B. Metabolic
Syndrome Is Associated with Low Diet Quality Assessed by the Healthy
Eating Index-2015 (HEI-2015) and Low Concentrations of High-Density
Lipoprotein Cholesterol. Biomedicines. 2022;10(10).

13. Asghari G, Mirmiran P, Yuzbashian E, Azizi F. A systematic review of diet qual-
ity indices in relation to obesity. Br J Nutr. 2017;117(8):1055-65.

14.  Dalwood P, Marshall S, Burrows TL, McIntosh A, Collins CE. Diet quality indices
and their associations with health-related outcomes in children and adoles-
cents: an updated systematic review. Nutr J. 2020;19(1):118.

15. Shivappa N, Steck SE, Hurley TG, Hussey JR, Hébert JR. Designing and devel-
oping a literature-derived, population-based dietary inflammatory index.
Public Health Nutr. 2014;17(8):1689-96.

16.  Guenther PM, Reedy J, Krebs-Smith SM, Reeve BB. Evaluation of the Healthy
Eating Index-2005. J Am Diet Assoc. 2008;108(11):1854-64.

17. Jankovic N, Geelen A, Streppel MT, De Groot LC, Orfanos P, Van Den Hooven
EH, et al. Adherence to a healthy diet according to the World Health

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32,

33.

34.

35.

36.

37.

38.

39.

40.

41.

Page 10 of 11

Organization guidelines and all-cause mortality in elderly adults from Europe
and the United States. Am J Epidemiol. 2014;180(10):978-88.

Herforth A, Arimond M, Alvarez-Sanchez C, Coates J, Christianson K,
Muehlhoff E. A global review of food-based dietary guidelines. Adv Nutr.
2019;10(4):590-605.

Diet. nutrition and the prevention of chronic diseases. World Health Organi-
zation technical report series. 2003;916:i-viii, 1-149, backcover.

Gorgulho BM, Pot GK, Sarti FM, Marchioni DM. Indices for the assess-

ment of nutritional quality of meals: a systematic review. Br J Nutr.
2016;115(11):2017-24.

Jayedi A, Lesani A, Akbarzadeh Z, Djafarian K, Shab-Bidar S. Irregular daily
energy intake and diet quality in Iranian adults. Br J Nutr. 2021;126(3):401-8.
Akbarzade Z, Mohammadpour S, Djafarian K, Clark CCT, Ghorbaninejad P,
Mohtashami M, et al. Breakfast-Based Dietary Patterns and Obesity in Tehra-
nian Adults. J Obes metabolic syndrome. 2020;29(3):222-32.

Gorgulho B, Pot GK, Sarti FM, Fisberg RM, Marchioni DM. Measuring the
quality of main meals: Validation of a meal quality index. Revista de Nutri¢ao.
2018;31:567-75.

Jacques PF, Tucker KL. Are dietary patterns useful for understanding the role
of diet in chronic disease? Am J Clin Nutr. 2001;73(1):1-2.

Hu FB. Dietary pattern analysis: a new direction in nutritional epidemiology.
Curr Opin Lipidol. 2002;13(1):3-9.

Monfort-Pires M, Ferreira SRG. Modification in a single meal is sufficient to
provoke benefits in inflammatory responses of individuals at low-to-moder-
ate cardiometabolic risk. Clin Nutr. 2016;35(6):1242-50.

Kalan Farmanfarma K, Kaykhaei MA, Adineh HA, Mohammadi M, Dabiri S,
Ansari-moghaddam A. Prevalence of metabolic syndrome in Iran: A meta-
analysis of 69 studies. Diabetes & Metabolic Syndrome: Clinical Research &
Reviews. 2019;13(1):792-9.

Tabatabaei-Malazy O, Saeedi Moghaddam S, Rezaei N, Sheidaei A, Hajipour
MJ, Mahmoudi N, et al. A nationwide study of metabolic syndrome
prevalence in Iran; a comparative analysis of six definitions. PLoS ONE.
2021;16(3):20241926.

Pourhoseingholi MA, Vahedi M, Rahimzadeh M. Sample size calculation in
medical studies. Gastroenterol Hepatol bed bench. 2013;6(1):14-7.

Weir CB, Jan A. BMI Classification Percentile And Cut Off Points. StatPearls.
Treasure Island (FL): StatPearls Publishing Copyright © 2022. StatPearls Pub-
lishing LLC,; 2022.

Craig CL, Marshall AL, Sjéstrdom M, Bauman AE, Booth ML, Ainsworth BE, et al.
International physical activity questionnaire: 12-country reliability and valid-
ity. Med Sci Sports Exerc. 2003;35(8):1381-95.

Gibney M. Periodicity of eating and human health: present perspective

and future directions. Br J Nutr. 1997,77(S1):3-S5. https://doi.org/10.1079/
BIN19970099.

Leech RM, Worsley A, Timperio A, McNaughton SA. Understanding meal
patterns: definitions, methodology and impact on nutrient intake and

diet quality. Nutr Res Rev. 2015;28(1):1-21. https://doi.org/10.1017/
50954422414000262.

Kahleova H, Lloren JI, Mashchak A, Hill M, Fraser GE. Meal frequency and
timing are associated with changes in body mass index in Adventist Health
Study 2. J Nutr. 2017;147(9):1722-8. https://doi.org/10.3945/jn.116.244749.
Grundy SM, Cleeman JI, Daniels SR, Donato KA, Eckel RH, Franklin BA, et al.
Diagnosis and management of the metabolic syndrome: an American Heart
Association/National Heart, Lung, and Blood Institute scientific statement.
Circulation. 2005;112(17):2735-52.

Gorgulho BM, Pot GK, Sarti FM, Marchioni DM. Main meal quality in Brazil and
United Kingdom: Similarities and differences. Appetite. 2017;111:151-7.
Saraf-Bank S, Haghighatdoost F, Esmaillzadeh A, Larijani B, Azadbakht L.
Adherence to Healthy Eating Index-2010 is inversely associated with meta-
bolic syndrome and its features among Iranian adult women. Eur J Clin Nutr.
2017;71(3):425-30.

Akbaraly TN, Singh-Manoux A, Tabak AG, Jokela M, Virtanen M, Ferrie JE,

et al. Overall diet history and reversibility of the metabolic syndrome

over 5 years: the Whitehall Il prospective cohort study. Diabetes Care.
2010;33(11):2339-41.

Kant AK, Graubard Bl. A comparison of three dietary pattern indexes for pre-
dicting biomarkers of diet and disease. J Am Coll Nutr. 2005;24(4):294-303.
Habte T-Y, Krawinkel M. Dietary diversity score: a measure of nutritional
adequacy or an indicator of healthy diet? 2016.

Kant AK, Schatzkin A, Graubard BI, Schairer C. A prospective study of diet
quality and mortality in women. JAMA. 2000;283(16):2109-15.


http://dx.doi.org/10.1079/BJN19970099
http://dx.doi.org/10.1079/BJN19970099
http://dx.doi.org/10.1017/S0954422414000262
http://dx.doi.org/10.1017/S0954422414000262
http://dx.doi.org/10.3945/jn.116.244749

Mirrafiei et al. BMC Nutrition

42.

43.

44,

45.

46.

47.

48.

49.

50.

52.

53.

54.

55.

(2023) 9:55

Abdurahman A, Bule M, Fallahyekt M, Abshirini M, Azadbakht L, Qorbani M, et
al. Association of Diet Quality and Food Insecurity with Metabolic Syndrome
in Obese Adults. Int J Prev Med. 2021;12:138.

Félix PV, Pereira JL, Leme ACB, de Castro MA, Fisberg RM. Nutritional breakfast
quality and cardiometabolic risk factors: Health Survey of Sdo Paulo, a
population-based study. Public Health Nutr. 2021;24(13):4102-12.

Dehghani Firouzabadi F, Jayedi A, Asgari E, Farazi M, Noruzi Z, Djafarian K, et
al. The Association of Dietary Phytochemical Index with Metabolic Syndrome
in Adults. Clin Nutr Res. 2021;10(2):161-71.

Qorbani M, Angoorani P, Ejtahed H-S. Dietary Phytochemical Index as a Bio-
marker in Nutritional Studies: Features and Applications. In: Patel VB, Preedy
VR, editors. Biomarkers in Nutrition. Cham: Springer International Publishing;
2022. pp. 1-22.

TianY, Su L, Wang J, Duan X, Jiang X. Fruit and vegetable consumption

and risk of the metabolic syndrome: a meta-analysis. Public Health Nutr.
2018,21(4):756-65.

Zhang Y, Zhang DZ. Associations of vegetable and fruit consumption with
metabolic syndrome. A meta-analysis of observational studies. Public Health
Nutr. 2018;21(9):1693-703.

Lee M, Lim M, Kim J. Fruit and vegetable consumption and the metabolic
syndrome: a systematic review and dose-response meta-analysis. Br J Nutr.
2019;122(7):723-33.

Chen JP, Chen GC,Wang XP, Qin L, Bai Y. Dietary Fiber and Metabolic
Syndrome: A Meta-Analysis and Review of Related Mechanisms. Nutrients.
2017;10(1).

Kunduraci YE, Ozbek H. Does the Energy Restriction Intermittent Fasting Diet
Alleviate Metabolic Syndrome Biomarkers? A Randomized Controlled Trial.
Nutrients. 2020;12(10).

Taskinen MR, Packard CJ, Borén J. Dietary Fructose and the Metabolic Syn-
drome.Nutrients. 2019:11(9).

Song S, Kim S, Lee JE. Sex consideration in diet-biomarker-related indices: a
systematic review. Public Health Nutr. 2018;21(14):2617-29.

Hirschberg AL. Sex hormones, appetite and eating behaviour in women.
Maturitas. 2012;71(3):248-56.

Santilli F, D'Ardes D, Guagnano MT, Davi G. Metabolic Syndrome: Sex-
Related Cardiovascular Risk and Therapeutic Approach. Curr Med Chem.
2017,24(24):2602-27.

Azizi N, Shab-Bidar S, Bazshahi E, Lesani A, Javanbakht MH, Djafarian K. Joint
association of meal frequency and diet quality with metabolic syndrome in
Iranian adults. BMC Nutr. 2022;8(1):12.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

Page 11 of 11

de la Portero S, Cebrino J. Trends in Diet Quality and Related Sociodemo-
graphic, Health, and Occupational Characteristics among Workers in Spain:
Results from Three Consecutive National Health Surveys (2006-2017). Nutri-
ents. 2021;13(2):522.

Saneei P, Hajishafiee M, Keshteli AH, Afshar H, Esmaillzadeh A, Adibi P. Adher-
ence to Alternative Healthy Eating Index in relation to depression and anxiety
in Iranian adults. Br J Nutr. 2016;116(2):335-42.

Jayedi A, Lesani A, Akbarzadeh Z, Djafarian K, Shab-Bidar S. Irregular daily
energy intake and diet quality in Iranian adults. Br J Nutr. 2021;126(3):401-8.
Agustina R, Nadiya K, Andini EA, Setianingsih AA, Sadariskar AA, Prafiantini

E, et al. Associations of meal patterning, dietary quality and diversity with
anemia and overweight-obesity among Indonesian school-going adolescent
girls in West Java. PLoS ONE. 2020;15(4):e0231519.

Leech RM, Livingstone KM, Worsley A, Timperio A, McNaughton SA. Meal
Frequency but Not Snack Frequency Is Associated with Micronutrient
Intakes and Overall Diet Quality in Australian Men and Women. J Nutr.
2016;146(10):2027-34.

Esmaillzadeh A, Azadbakht L. Consumption of hydrogenated versus nonhy-
drogenated vegetable oils and risk of insulin resistance and the metabolic
syndrome among Iranian adult women. Diabetes Care. 2008;31(2):223-6.
Esmaillzadeh A, Kimiagar M, Mehrabi Y, Azadbakht L, Hu FB, Willett WC. Fruit
and vegetable intakes, C-reactive protein, and the metabolic syndrome. Am J
Clin Nutr. 2006;84(6):1489-97.

Pan'Y, Pratt CA. Metabolic syndrome and its association with diet and physical
activity in US adolescents. J Am Diet Assoc. 2008;108(2):276-86. discussion
86.

Majdi M, Imani H, Bazshahi E, Hosseini F, Djafarian K, Lesani A, et al. Habitual-
and Meal-Specific Carbohydrate Quality Index and Their Relation to Meta-
bolic Syndrome in a Sample of Iranian Adults. Front Nutr. 2022,9:763345.
Esmaillzadeh A, Mirmiran P, Azizi F. Evaluation of waist circumference to
predict cardiova scular risk factors in an overweight Tehranian population:
findings from Tehran Lipid and Glucose Study. International journal for
vitamin and nutrition research Internationale Zeitschrift fur Vitamin- und
Ernahrungsforschung Journal international de vitaminologie. et de nutrition.
2005;75(5):347-56.

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



	﻿Association of main meal quality index with the odds of metabolic syndrome in Iranian adults: a cross-sectional study
	﻿Abstract
	﻿Introduction
	﻿Subjects and methods
	﻿Study design and participants
	﻿Anthropometric measures and blood pressure
	﻿Dietary assessment
	﻿Meal definitions
	﻿Calculating MMQI
	﻿Laboratory investigations
	﻿Metabolic syndrome definition
	﻿Statistical analysis

	﻿Results
	﻿Discussion
	﻿Conclusion
	﻿References


