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Background and objective: Due to the growing global trend of obesity, it is necessary to study the diet quality as a
modifiable factor to reduce the dangerous consequences of obesity. Therefore, the aim of this study was to evaluate
the association between meal-based diet quality index-international (DQI-I) with obesity in adults.

Methods: This cross-sectional study was performed on 850 men and women in Tehran (aged 20-59 y). Dietary
intakes were assessed using three 24-h dietary recalls. Meal-based Diet quality was assessed based on the construc-
tion of DQI-I. The total DQI-I score ranged from 0 to 100, with higher scores denoting better diet quality. Multiple
linear regression analysis was used to examine the association of DQI-I and BMI in each meal and Logistic regression
analysis was used to examine the association of DQI-I and obesity in each meal.

Results: The mean (£ SD) of age, body mass index (BMI), waist circumference (WC) and waist to hip ratio (WHR) were
42.35(%10.90) years, 27.32(+£5.61) kg/m2, 89.09 (£ 12.04) cm and 0.86 (£0.11), respectively. In none of the meals,
after adjusting for confounders, no significant difference in BMI was observed in the both women and men groups.
After controlling of confounders, there was not any relationship between meal-based DQI-l and BMI resulted from
multiple linear regression analysis also there was not any significant association between meal-based DQI-I and obe-

Conclusion: In this study, we did not find any significant association between meal-specified DQI with obesity. To
reach the better evaluation, more prospective studies with large sample size are needed.

Introduction

The global prevalence of obesity is increasing around the
world and further increases are estimated in the future
[1]. The number of obese people has doubled between
1980 and 2015 [2]and in Iran, 25.8% of adults were obese
in 2016 [3]. Adult obesity is associated with many health

*Correspondence: jazaiers@tums.ac.ir

! Department of Nutrition, Science and Research Branch, Islamic Azad
University, Tehran, Iran
Full list of author information is available at the end of the article

B BMC

consequences including diabetes, cancer, respiratory and
cardiovascular diseases [2, 4].

Diet, sedentary lifestyle, genetic, environmental, neu-
rological, physiological, biochemical, socio-cultural
and psychological factors are elements that contribut-
ing to obesity [5]. Diet as one of the modifiable factors
plays a crucial role in a people’s health and prevention
of non-communicable diseases [6]. There are numerous
evidences that suggest an association between different
components of diet including energy, food groups and
nutrients with obesity [7-11]. Because the interaction
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between foods and nutrients is important, the assess-
ment of overall dietary patterns is more useful than single
nutrients in relation to obesity [12].

Dietary Quality Indices (DQIs) are designed to examine
the overall diet and categorize individuals based on the
extent to which their eating behavior is healthy [13]. The
diet quality index-international (DQI-I) is one of these
indices that emphasizes on four major aspects including
high-quality, healthy diet, i.e., variety, adequacy, modera-
tion and overall balance [14]. Kim et al., found that the
DQI-1 is a useful tool to assess the dietary quality [14]. In
a study in Iran, Ebrahimi et al., also indicated that DQI-I
may be more applicable than HEI for evaluating Iranian
nutrient adequacy [15].

Few studies have done in relation to the association
between the diet quality index-international with obesity
and different results have been obtained, for example In
Iran, Asghari et al. did not find a significant relationship
between DQI and obesity [16, 17], but this association
has not yet been assessed at the meal level.

The association of dietary patterns and diseases has been
considered well so far, but little attention has been paid to
meals [18]. Foods are consumed as meals and snacks, and
thus investigation of diet quality across meals is a practical
approach to help explain important diet—disease relation-
ships [19]. Recent studies have suggested that meal-specific
dietary properties such as meal timing and frequency and
composition of the diet at each meal may be associated
with multiple health outcomes [20]. It was reported that
there is an association between meal patterns and weight
status [21, 22]. For example Breakfast as the first meal of the
day contributes to an overall healthy dietary pattern, better
nutrient intake, and diet quality [23]. Recognizing meal-
based diet quality indexes may help the public to achieve
the recommended daily intake of foods and nutrients and
adhere to dietary guidelines. We aimed to investigate the
association between meal-based diet quality index-inter-
national (DQI-I) with obesity in apparently healthy adults
referring to the health centers in a sample of Iranian adults
in Tehran, as a representative population of Iran.

Subjects and methods

Study design

A total of 850 healthy adult men and women, aged 18 to
59, who were willing to participate in this cross-sectional
study, were recruited from health care centers of Tehran, via
a two-stage cluster sampling using advertisement, spread-
ing of flyers in common places and information sessions
at health care centers about the goal and the benefit of the
examination. First, the city was split into five regions north,
east, south, west, and center. A list of all existing health care
centers was provided and then eight health centers were
randomly chosen from each region for a tally of forty health
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centers. Ultimately, the sample size (n=850) was divided by
40 to get the number of subjects in each health center. To
be noted that we recruited people from the health centers of
Tehran affiliated to the Health Bureau of the Municipality of
Tehran. Indeed, Tehran is the Capital of Iran and has a mul-
tiethnic population, and in health research in Iran, popula-
tion of Tehran are considered as a representative of Iran.

Based on the prevalence of obesity andoverweight in
the adults of Tehran (65%), an error coefficient of d=0.04
and ata level of 0.05, a,samplesjze pfH4H Reople was cal-
culated \" = 2 = (0.042) e) Due tothe
potential exclusion of participants, the sample size was
multiplied by 1.5which included the total number of 850
subjects.

Data collection

During the first visit, subjects completed a question-
naire designed to assess the participants’ demographics
including age (year), gender, body weight, height, waist
circumference,body mass index (BMI), physical activ-
ity (low active, moderate active, extremely active), edu-
cational level (illiterate, under diploma=uncompleted
primary or secondary education, diploma=completed
secondary education, educated =bachelor’s degree or
higher), marital status (single, divorced, dead spouse,
married), job status (employed, retired, house-keeper, or
unemployed), and smoking status (never smoked, former
smoker, current smoker).

Anthropometric measurements

Body weight was measured using a standard body weight
scale (Seca 707; Seca GmbH & Co. KG., Hamburg, Ger-
many, measurement accuracy =100 g). Participant’s height
was measured using a wall stadiometer with a precision of
1 cm (Seca, Germany). The BMI was calculated as weight
in kilograms divided by the square of height in meters.
Wiaist circumference was measured with a tape measure
to the nearest 0.1 cm between the iliac crest and the low-
est rib during exhalation. Hip circumference was recorded
at maximal point, over light clothing, using a non-stretch
tape measure and without exerting any pressure on body
surface. Obesity was defined as BMI > 30 kg/m2 [24].

Dietary assessment

Dietary intakes of participants were assessed by using three
24-h dietary recalls. Trained dietitians completed the first
24-h dietary recall by face-to-face interview at the first visit
at each health center. The other two 24-h dietary recalls
were completed at random days including one weekend,
by telephone interviews. All 24-h dietary recall interviews
were carried out by same trained dietitians. For dietary
analysis, daily intakes of all food items obtained from 24-h
dietary recalls were computed and then were converted
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into grams by using household measures [25]. The 3-day
dietary intakes were summed and then averaged over the
three days. Dietary intakes were expressed as food groups
including total grains, fruit, vegetables, green-leafy vegeta-
bles, red/yellow vegetables, legumes, nuts, red meat, pro-
cessed meat, poultry, fish, low- and high-fat dairy products,
egg, soft drinks, salty snack, and solid and liquid oils. Liq-
uid oil includes vegetable oils that were liquid in room tem-
perature. Solid oil includes animal fat and hydrogenated
vegetable oils that were solid in room temperature.

Meals definition
Breakfast was defined as a meal eaten between 05:00 and
11:00 [26].

Lunch was predefined as a large meal eaten between
12:00 and 16:00 [26].

Dinner was defined as a large meal eaten between 17:00
and 23:00 [26].

Physical activity assessment

Physical activity was assessed by using a validated short
form of the International Physical Activity Questionnaire
(IPAQ) [27]. Accordingly, IPAQ scores were categorized
as ‘low physical activity’ (point score<600 MET-min/
week), ‘moderate physical activity’ (point score between
600 and 3000 MET-min/week) and ‘high physical activity’
(point score >3000 MET-min/week) [28].

DQI-I construction

Meal-based Diet quality was assessed based on the DQI-I
that included four major dietary components [14]. The
first component was variety, which included the overall
variety of different food groups (meats and meat prod-
ucts, fish and shellfish, eggs, pulses and pulse products;
milks and milk products; vegetables; fruits; grains) and
the within-group variety of protein sources (meats and
meat products, fishes and shellfishes, eggs, pulses and
pulse products, milks and milk products), with a score
ranging from 0 to 20 points. The second component was
adequacy of intake (amounts of vegetables, fruits, grains,
fiber, protein, Fe, Ca, and vitamin C), with a score ranging
from 0 to 40 points. The third component was moderation
(total fat, saturated fat, cholesterol, sodium, and empty
calorie foods), with a score ranging from 0 to 30 points.
The fourth component was overall balance (macronutri-
ent ratio and fatty acid ratio), with a score ranging from 0
to 10 points. The total DQI-I score ranged from 0 to 100,
with higher scores denoting better diet quality.

Statistical analysis
Participants were categorized based on tertiles of DQI-L
Higher tertiles of DQI-I demonstrate higher diet quality
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compared to lower tertiles. The general characteristics and
Dietary intakes of study subjects among tertiles of DQI-I
were examined using analysis of variance (ANOVA) for
continuous variables, and Chi-squared (x*) for categorical
variables. We used analysis of covariance (ANCOVA) to
compare adjusted means of BMI across the DQI-I tertiles.
The multiple linear regression analysis was used to evalu-
ate the association between DQI-I with BMI based on sex
in each meal after adjusting for possible confounders. Fur-
thermore, odds ratio (OR) and 95% confidence interval (CI)
of obesity were estimated through binary logistic regression
analysis in two models. Model I adjusted for age, physical
activity, socioeconomic status, and smoking. Model II was
adjusted for confounders in Model I plus energy intake.
All statistical analyses were performed using the Statistical
Package for the Social Sciences (SPSS version 16; SPSS Inc.).
P value less than 0.05 was considered statistically significant.

Results

Table 1, shows anthropometric and demographic charac-
teristics of the participants. The mean (£ SD) of age, BMI,
WC and WHR were 42.35(+10.90) years, 27.32(+5.61)
kg/m2, 89.09 (+12.04) cm and 0.86(10.11), respectively.
The general characteristics of participants according to
the tertiles of DQI for breakfast, lunch and dinner meals
are presented in Table 2. In the dinner meal, participants
in the top tertile of DQI compared to the bottom tertile,
significantly had greater body weight (74.27 +14.54 vs
70.41£12.54, P<0.001). Furthermore, in both breakfast
and dinner meal, men had greater adherence to DQI than
women (P<0.001). Also, the education status was differ-
ent across the DQI tertiles for breakfast (P <0.001).

Table 3. details the mean and standard deviation of die-
tary intakes of participants across the tertiles of DQI scores
for breakfast, lunch and dinner. Adherence to higher DQI
for breakfast was significantly associated with higher
intake of energy (P<0.001), carbohydrate (P<0.001), fat
(P=0.007), vitamin C (P<0.001), calcium (P=0.03) and
iron (P<0.001) and also associated with lower intake of

Table 1 Characteristics of the investigating subjects

Variable Mean sD Minimum Maximum
Anthropometric/demographic variables
Age (years) 4235 10.90 18 67
Body weight (Kg) ~ 72.09 1388 37.00 147.00
Height (cm) 162.64 8.99 95.00 190.00
BMI (Kg/mz) 27.32 5.61 14.89 110.80
WC (cm) 89.09 12.04 31.00 138.00
HC (cm) 103.48 1141 36.14 150.00
WHR 0.86 0.11 0.51 332

SD Standard deviation, BMI Body mass index, WC Waist Circumference, HC Hip
Circumference, WHR Waist Hip Ratio
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SFA (P<0.001) and MUFA(P=0.04). Adherence to higher
DQI for lunch was also associated with more intake of fat
(P<0.001), fiber (P<0.001), vitamin C (P<0.001), calcium
(P<0.001) and iron (P<0.001) and correlated to lower con-
sumption of cholesterol (P<0.001), SFA (P<0.001), PUFA
(P<0.001), MUFA (P<0.001) and sodium (P<0.001). Par-
ticipants in the highest tertile of DQI for dinner consumed
higher levels of energy (P <0.001), carbohydrate (2<0.001),
fiber (P<0.001), protein (P<0.001), sodium (P=0.01), vita-
min C (P<0.001), calcium (P<0.001) and iron (P<0.001)
and they had a lower intake of, fat (P<0.001), cholesterol
(P<0.001) SAFA (P<0.001), PUFA (P<0.001) and MUFA
(P=0.03).

The results of ANCOVA analysis shows the BMI differ-
ences across DQI tertiles in both male and female pop-
ulations separately in Table 4. The results presented in
crude and two adjusted models; the model 1 was adjusted
for age, physical activity, socioeconomic status and smok-
ing and model 2 was adjusted for age, physical activity,
socioeconomic status and smoking plus energy intake.
In the breakfast meal, a non-significant difference was
observed in BMI across the tertiles of DQI in adjusted
model 2 for both women (P=0.90) and men (P=0.83).
Moreover, in the lunch meal, no significant difference
was found regarding BMI across DQI categories in model
2 and both women (P=0.54) and men (P=0.66). In the
dinner meal, we also found no significant differences in
mean of BMI across tertiles of DQI in model 2 and both
women (P=0.22) and men (P=0.81) population.

Results of multiple linear regression for the associa-
tion between DQI-I and BMI based on sex in each meal
are reported showed in Table 5. Results were adjusted
for age, educational level, occupation, marriage, smok-
ing status, physical activity and energy intake. The results
of multiple linear regression did not show any significant
association between DQI-I and BMI in both men and
women populations. Gender-based analysis also showed
that among women, a non-significant relationship was
showed between DQI and BMI in breakfast (R2=0.03,
P=0.23), lunch (R2=0.03, P=0.42) and dinner meal
(R2=0.03, P=0.15). A non-significant association was
also found between DQI and BMI in breakfast (R2=0.07,
P=0.70), lunch (R2=0.07, P=0.61) and dinner meal
(R2=0.06, P=0.30) in men.

Odds ratio (OR) and 95% confidence intervals (ClIs) for
obesity across the tertiles of DQI are indicated in Table 6.
The odds of obesity across tertiles of DQI was not statis-
tically different for any of meals, even separately by sex.

Discussion

This is the first study that used a meal specified to assess
the potential association of the DQI, representing pat-
terns of lifestyle and dietary intake, in a sample of Iranian
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Table 5 Multiple linear regression analysis of the associations
between DQI-I and BMI based on sex in each meal

BMI
B+SE 95% Cl Partial R P Value
Women
R? model =0.03
DQI-I(breakfast) -0044002 -006-001 0.3 0.23
DQI-I (lunch) 001+002  -0.03-004 003 042
DQI-I (dinner) 0.03+0.02 -0.02-0.05 0.03 0.15
Men
R? model =0.06
DQI-I (breakfast) 00054005 -0.10-0.10 0.07 0.70
DQI-I (lunch) -001+£004 -0.09-0.08 0.07 061
DQI-I (dinner) 0.03+004  -0.06-0.10 0.06 0.30

2 DQI-I diet quality index-international, B standardized coefficients, SE standard
error, Cl confidence interval, R2 R square results are adjusted for age, educational
level, occupation, marriage, smoking status, physical activity and energy intake

adults, and obesity in adults. The main analysis of dietary
intakes across the tertiles of DQI scores for each meal
provided evidence that the overall diet quality of Iranian
adults in this study has a relatively healthy pattern with
lower consumption of cholesterol and SFA along with
higher intake of micronutrients like vitamin C, calcium
and iron. In the all three meals we found no significant
differences for BMI across the DQI groups in adjusted
models for both women and men. The chance of having
obesity also was not different across DQI tertiles.

Understanding the nutritional composition of meals
and the ways in which different meal patterns make an
impact on diet quality might help to elucidate important
diet—disease relationships. The relationship between die-
tary patterns in adults with nutrient intake and diet qual-
ity is essential to determine if they represent the health
and diversity of the entire diet. As a holistic view, these
behaviors include several components that work syner-
gistically on health and disease [29, 30]. In this regard, in
recent years, dietary quality indices have been developed
to assess the requirement of nutritional research [31].

In various countries including France [32], USA [33-35],
Iran [16], Guatemala [36] and Spain [37], the DQI was
evaluated. In agreement with our findings over a 10-year
follow-up period among Spanish men and women Fun-
tikova et al. [37] reported a ten-point increment in the
DQI predicted a 3-2 cm reduction in WC after adjust-
ment for confounders, but there was no significant predic-
tion of BMI. Meanwhile in the Tehran Lipid and Glucose
Study for both longitudinal and cross-sectional analyses,
no significant association were observed [16]. In contrast,
Quatromoni et al. [34] found an inverse, linear relation-
ship between better adherence to DQI and lower weight
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gain over an 8-year follow up in the Framingham Offspring
Study. Also, after 13 years of follow up in French Lassale
et al. [32] study observed an inverse prediction in men
with no prediction in women. In addition, in a cross-sec-
tional study from Guatemala, DQI-I was positively cor-
related with BMI and WC in both men and women [36].
Thus, according to literature review, studies assessing DQI
or its modified versions revealed controversial and sex-
specific findings.

Conlflicting findings on the association between gen-
eral obesity and diet quality indices can be explained
by several reasons. Most of these dietary scores, which
assessed adherence to dietary guidelines (e.g., HEIL
DQI, and DGAI), were designed for the U.S. popula-
tion. However, the population may not be able to assess
the overall quality of the diet until more information is
known about the consumption patterns. In addition,
there are differences in the scoring models of indices,
based on dietary guidelines. Simultaneously, measures
of diet quality in developing countries are more com-
plex to interpret; it is also complex in such countries to
assess diet quality in terms of both micronutrient ade-
quacy and prevention of overweight, indicating the need
for better measures of diet quality specifically for these
populations. The major issues in developing countries
are both under- and over-nutrition [38]. Furthermore,
the range of the higher categories was relatively limited
compared to the lower categories, indicating that peo-
ple in the upper and lower groups did not clearly show
differences in dietary patterns and could attenuate the
association between diet and obesity. Conflicting results
may also be due to the fact that overweight individuals
adopt a healthier diet to manage their weight, and the
effect of a healthy diet as assessed by scores on their
obesity status hence could not be detected. In addition,
the population that the index is developed for is impor-
tant. Hence, it is clear that specific indices can be evalu-
ated only in specific populations [38].

We did not find gender-specific associations between
DQI and BMI or obesity. However, gender differences in
diet quality findings in other studies has been reported
[34] that may be explained by some factors. Women tend
to gain more weight over time than men do. This obser-
vation reflects the important influence of other contribu-
tors to energy balance and weight management that are
gender-specific, including menopausal status [34]. Meno-
pausal women tend to gain more weight over time than
men, resulting from the potentially confounding effect of
hormonal changes.

The present study has important strengths. To the best
of the authors’ knowledge, this is the first study to assess
the relationship between DQI-I at meals and obesity in
Iranian population. In this study, we had a sufficient
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sample size. Also, this sampling was done from differ-
ent parts of health centers in Tehran. Then, results can
be generalizable to all the Tehranian population and
also as Tehran is the Capital of Iran and has a multieth-
nic population, and population of Tehran are considered
as a representative of Iran. However, some limitations
of the present study must be addressed. First, the cross-
sectional design of the study also needs to be considered
when interpreting the findings. Second, the use of 24-h
dietary recall data may have been subjected to recall bias
of self-reported measurement error due to within-subject
variations. In addition, 24-h diet recall data is limited in
its ability to capture dietary diversity. Finally, although we
included a rich set of confounding variables in the mod-
els, some residual confounding may exist.

Conclusion

In the present study, we failed to find any significant
association between meal-specified DQI with obesity.
Diet quality may be an integral component of a broader
obesity intervention strategy. Although better diet qual-
ity may not lead to decreased BMI for all individuals, it
is important for health promotion; other researchers
have demonstrated substantial health benefits from con-
suming high-quality diets. To examine the exact rela-
tionships, more research is needed to better design and
evaluate diet quality indices for each population.
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