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Abstract 

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-I and BMI resulted from 
multiple linear regression analysis also there was not any significant association between meal-based DQI-I and obe‑
sity resulted from Logistic regression analysis.

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.

Keywords:  Meal-based, DQI-I, Obesity

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 

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-I 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 

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 atα level of 0.05, a sample size of 546 people was cal-
culated  n =

(z2−p(1−p)

d2
=

(1.96)2 ∗ 0.65 ∗ 0.35

(0.042)  . 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. 
Waist 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-I. 
Higher tertiles of DQI-I demonstrate higher diet quality 

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 (χ2) 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(± 0.11), 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

SD Standard deviation, BMI Body mass index, WC Waist Circumference, HC Hip 
Circumference, WHR Waist Hip Ratio

Variable Mean SD Minimum Maximum

  Anthropometric/demographic variables

  Age (years) 42.35 10.90 18 67

  Body weight (Kg) 72.09 13.88 37.00 147.00

  Height (cm) 162.64 8.99 95.00 190.00

  BMI (Kg/m2) 27.32 5.61 14.89 110.80

  WC (cm) 89.09 12.04 31.00 138.00

  HC (cm) 103.48 11.41 36.14 150.00

  WHR 0.86 0.11 0.51 3.32
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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 (P < 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 (CIs) 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 

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 

Table 5  Multiple linear regression analysis of the associations 
between DQI-I and BMI based on sex in each meal

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

BMI

β ± SE 95% CI Partial R2 P Value

Women
R2 model = 0.03

  DQI-Ia(breakfast) -0.04 ± 0.02 -0.06–0.01 0.03 0.23

  DQI-I (lunch) 0.01 ± 0.02 -0.03–0.04 0.03 0.42

  DQI-I (dinner) 0.03 ± 0.02 -0.02–0.05 0.03 0.15

Men
R2 model = 0.06

  DQI-I (breakfast) 0.005 ± 0.05 -0.10–0.10 0.07 0.70

  DQI-I (lunch) -0.01 ± 0.04 -0.09–0.08 0.07 0.61

  DQI-I (dinner) 0.03 ± 0.04 -0.06–0.10 0.06 0.30
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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.

Conflicting 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., HEI, 
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 

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.

Abbreviations
DQI-I: Diet quality index-international; BMI: Body mass index; WC: Waist 
circumference; WHR: Waist to hip ratio; IPAQ: International Physical Activity 
Questionnaire.

Acknowledgements
Not applicable

Authors’ contributions
EAN, SS-b and ADj have made the conception and design of the study. MM 
and FMN participated in acquisition of data. EAN and SS-b analyzed and 
interpreted the results. EB, HM, HSh, RR and FDj drafted the manuscript. ADj 
and SS-b supervised and revised the manuscript. All authors approved the 
final version of the manuscript.

Funding
Not applicable.

Availability of data and materials
The data that support the findings of this study are available from [Sakineh 
Shab-Bidar] but restrictions apply to the availability of these data, which were 
used under license for the current study, and so are not publicly available.
Data are however available from the authors upon reasonable request and 
with permission of [Sakineh Shab-Bidar].

Declarations

Ethics approval and consent to participate
All procedures performed in studies involving human participants were in 
accordance with the ethical standards of the institutional and/or national 



Page 10 of 11Alipour Nosrani et al. BMC Nutrition           (2022) 8:156 

research committee and with the 1964 Helsinki declaration and its later 
amendments or comparable ethical standards.
The sample collection was facilitated by the coordination of the Health Bureau 
of the Municipality of Tehran and the cooperation of the health care centers 
of Tehran. The ethical committee of the Islamic Azad University- Science and 
Research Branch approved the study protocol and informed consent form 
(Ethic Number: IR.IAU.SRB.REC.1400.141). All patients received written informa‑
tion regarding the background and procedures of the study and gave written 
informed consent prior to entering the study.

Consent for publication
Not applicable.

Competing interests
All authors declared that they have no personal or financial conflicts of 
interest.

Author details
1 Department of Nutrition, Science and Research Branch, Islamic Azad Uni‑
versity, Tehran, Iran. 2 Department of Community Nutrition, School of Nutri‑
tional Sciences and Dietetics, Tehran University of Medical Sciences (TUMS), 
Tehran, Iran. 3 Department of Nutrition, School of Public Health, Iran University 
of Medical Sciences, Tehran, Iran. 

Received: 4 July 2022   Accepted: 19 December 2022

References
	1.	 Trends in adult body-mass index in 200 countries from 1975 to 

2014: a pooled analysis of 1698 population-based measurement 
studies with 19·2 million participants. Lancet (London, England). 
2016;387(10026):1377–96.

	2.	 Afshin A, Forouzanfar MH, Reitsma MB, Sur P, Estep K, Lee A, et al. Health 
effects of overweight and obesity in 195 countries over 25 Years. N Engl J 
Med. 2017;377(1):13–27.

	3.	 WHO. Overweight and obesity 2019 [Available from: http://​www.​who.​int/​
gho/​ncd/​risk_​facto​rs/​overw​eight/​en/.

	4.	 Arnold M, Leitzmann M, Freisling H, Bray F, Romieu I, Renehan A, et al. 
Obesity and cancer: an update of the global impact. Cancer Epidemiol. 
2016;41:8–15.

	5.	 Hruby A, Manson JE, Qi L, Malik VS, Rimm EB, Sun Q, et al. Deter‑
minants and consequences of obesity. Am J Public Health. 
2016;106(9):1656–62.

	6.	 Organization WH. Global health risks: mortality and burden of disease 
attributable to selected major risks: World Health Organization; 2009.

	7.	 Ello-Martin JA, Roe LS, Ledikwe JH, Beach AM, Rolls BJ. Dietary energy 
density in the treatment of obesity: a year-long trial comparing 2 weight-
loss diets. Am J Clin Nutr. 2007;85(6):1465–77.

	8.	 McCrory MA, Fuss PJ, McCallum JE, Yao M, Vinken AG, Hays NP, et al. 
Dietary variety within food groups: association with energy intake and 
body fatness in men and women. Am J Clin Nutr. 1999;69(3):440–7.

	9.	 Dreon DM, Frey-Hewitt B, Ellsworth N, Williams PT, Terry RB, Wood PD. 
Dietary fat:carbohydrate ratio and obesity in middle-aged men. Am J Clin 
Nutr. 1988;47(6):995–1000.

	10.	 Swinburn B, Sacks G, Ravussin E. Increased food energy supply is more 
than sufficient to explain the US epidemic of obesity. Am J Clin Nutr. 
2009;90(6):1453–6.

	11.	 Parikh SJ, Yanovski JA. Calcium intake and adiposity. Am J Clin Nutr. 
2003;77(2):281–7.

	12.	 Hu FB. Dietary pattern analysis: a new direction in nutritional epidemiol‑
ogy. Curr Opin Lipidol. 2002;13(1):3–9.

	13.	 Gil Á, Martinez de Victoria E, Olza J. Indicators for the evaluation of diet 
quality. Nutricion hospitalaria. 2015;31 Suppl 3:128–44.

	14.	 Kim S, Haines PS, Siega-Riz AM, Popkin BM. The Diet Quality Index-Inter‑
national (DQI-I) provides an effective tool for cross-national comparison 
of diet quality as illustrated by China and the United States. J Nutr. 
2003;133(11):3476–84.

	15.	 Ebrahimi S, McNaughton SA, Leech RM, Abdollahi M, Houshiarrad A, 
Livingstone KM. A comparison of diet quality indices in a nationally 

representative cross-sectional study of Iranian households. Nutr J. 
2020;19(1):1–11.

	16.	 Asghari G, Mirmiran P, Rashidkhani B, Asghari-Jafarabadi M, Mehran M, 
Azizi F. The association between diet quality indices and obesity: Tehran 
lipid and glucose study. Arch Iran Med. 2012;15(10):599–605.

	17.	 Sundararajan K, Campbell MK, Choi YH, Sarma S. The relationship 
between diet quality and adult obesity: evidence from Canada. J Am Coll 
Nutr. 2014;33(1):1–17.

	18.	 Stockwell. HARM REDUCTION DIGEST 12. Harm reduction, drink‑
ing patterns and the NHMRC Drinking Guidelines. Drug Alcohol Rev. 
2001;20(1):121–9.

	19.	 Akbarzade Z, Mohammadpour S, Djafarian K, Clark CC, Ghorbaninejad 
P, Mohtashami M, et al. Breakfast-based dietary patterns and obesity in 
Tehranian adults. J Obes Metab Syndr. 2020;29(3):222.

	20.	 Almoosawi S, Prynne C, Hardy R, Stephen A. Time-of-day and nutri‑
ent composition of eating occasions: prospective association with 
the metabolic syndrome in the 1946 British birth cohort. Int J Obes. 
2013;37(5):725–31.

	21.	 Mesas A, Muñoz-Pareja M, López-García E, Rodríguez-Artalejo F. Selected 
eating behaviours and excess body weight: a systematic review. Obes 
Rev. 2012;13(2):106–35.

	22.	 Szajewska H, Ruszczyński M. Systematic review demonstrating that 
breakfast consumption influences body weight outcomes in children 
and adolescents in Europe. Crit Rev Food Sci Nutr. 2010;50(2):113–9.

	23.	 Hopkins LC, Sattler M, Steeves EA, Jones-Smith JC, Gittelsohn J. Breakfast 
consumption frequency and its relationships to overall diet quality, using 
healthy eating index 2010, and body mass index among adolescents in a 
low-income urban setting. Ecol Food Nutr. 2017;56(4):297–311.

	24.	 Amini M, Shafaeizadeh S, Zare M, KHOSRAVI BH, Esmaillzadeh A. A cross-
sectional study on food patterns and adiposity among individuals with 
abnormal glucose homeostasis. 2012.

	25.	 Ghaffarpour M, Houshiar-Rad A, Kianfar H. The manual for household 
measures, cooking yields factors and edible portion of foods. Tehran: 
Nashre Olume Keshavarzy. 1999;7(213):42–58.

	26.	 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.

	27.	 Moghaddam MB, Aghdam FB, Jafarabadi MA, Allahverdipour H, 
Nikookheslat SD, Safarpour S. The Iranian version of International Physi‑
cal Activity Questionnaire (IPAQ) in Iran: content and construct validity, 
factor structure, internal consistency and stability. World Appl Sci J. 
2012;18(8):1073–80.

	28.	 Wareham NJ, Jakes RW, Rennie KL, Schuit J, Mitchell J, Hennings S, 
et al. Validity and repeatability of a simple index derived from the 
short physical activity questionnaire used in the European Prospective 
Investigation into Cancer and Nutrition (EPIC) study. Public Health Nutr. 
2003;6(4):407–13.

	29.	 Kant AK. Dietary patterns and health outcomes. J Am Diet Assoc. 
2004;104(4):615–35.

	30.	 Kant AK. Dietary patterns: biomarkers and chronic disease risk. Applied 
physiology, nutrition, and metabolism = Physiologie appliquee, nutrition 
et metabolisme. 2010;35(2):199–206.

	31.	 Kennedy ET, Ohls J, Carlson S, Fleming K. The healthy eating index: design 
and applications. J Am Diet Assoc. 1995;95(10):1103–8.

	32.	 Lassale C, Fezeu L, Andreeva VA, Hercberg S, Kengne AP, Czernichow S, 
et al. Association between dietary scores and 13-year weight change 
and obesity risk in a French prospective cohort. Int J Obes (2005)  
2012;36(11):1455–62.

	33.	 Fung TT, McCullough ML, Newby PK, Manson JE, Meigs JB, Rifai N, et al. 
Diet-quality scores and plasma concentrations of markers of inflamma‑
tion and endothelial dysfunction. Am J Clin Nutr. 2005;82(1):163–73.

	34.	 Quatromoni PA, Pencina M, Cobain MR, Jacques PF, D’Agostino RB. 
Dietary quality predicts adult weight gain: findings from the Framingham 
Offspring Study. Obesity (Silver Spring, Md). 2006;14(8):1383–91.

	35.	 Zamora D, Gordon-Larsen P, Jacobs DR Jr, Popkin BM. Diet quality and 
weight gain among black and white young adults: the Coronary Artery 
Risk Development in Young Adults (CARDIA) Study (1985–2005). Am J 
Clin Nutr. 2010;92(4):784–93.

	36.	 Gregory CO, McCullough ML, Ramirez-Zea M, Stein AD. Diet scores and 
cardio-metabolic risk factors among Guatemalan young adults. Br J Nutr. 
2009;101(12):1805–11.

http://www.who.int/gho/ncd/risk_factors/overweight/en/
http://www.who.int/gho/ncd/risk_factors/overweight/en/


Page 11 of 11Alipour Nosrani et al. BMC Nutrition           (2022) 8:156 	

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

	37.	 Funtikova A, Baena-Díez JM, Koebnick C, Gomez SF, Covas MI, Goday A, 
et al. Validity of a short diet-quality index to predict changes in anthropo‑
metric and cardiovascular risk factors: a simulation study. Eur J Clin Nutr. 
2012;66(12):1369–71.

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

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


	The association between meal-based diet quality index-international (DQI-I) with obesity in adults
	Abstract 
	Background and objective: 
	Methods: 
	Results: 
	Conclusion: 

	Introduction
	Subjects and methods
	Study design
	Data collection
	Anthropometric measurements
	Dietary assessment
	Meals definition
	Physical activity assessment
	DQI-I construction
	Statistical analysis

	Results
	Discussion
	Conclusion
	Acknowledgements
	References


