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Highlights 

 The most pro-inflammatory diet was independently associated with a higher 

prevalence of overweight and obesity in individuals with high scholarity. 

 A pro-inflammatory dietary pattern is accompanied for other unhealthy lifestyles 

that are risk factors to obesity and chronic diseases 

 The study of dietary pattern index can be useful to establishment of risk 

association as well as prevention strategies for obesity and related-chronic 

diseases. 

  

                  



2 
 

Dietary inflammatory index and prevalence of overweight and obesity in Brazilian 

graduates from the Cohort of Universities of Minas Gerais (CUME project) 
 

Short running head: Dietary inflammatory index and overweight/obesity 

 

Thatianne Moreira Silva Oliveira 
a,g

, Josefina Bressan 
a,g

, Adriano Marçal Pimenta 
b,g

, 

Miguel-Ángel Martínez-González 
c
, Nitin Shivappa 

d,e,f
, James R. Hébert 

d,e,f
, Helen 

Hermana Miranda Hermsdorff
a,g,* 

 

aDepartment of Nutrition and Health, Universidade Federal de Viçosa (UFV), Viçosa, 

Brazil. 

b
Department of Maternal and Child Nursing and Public Health, School of Nursing, 

Universidade Federal de Minas Gerais (UFMG), Belo Horizonte, Brazil. 

cDepartament de Medicina Preventiva y Salud Pública, Universidad de Navarra - 

IdiSNA, Pamplona, España; CIBER Fisiopatología de la Obesidad y Nutrición (CIBER 

Obn), Instituto de Salud Carlos III, Madrid, España; Department of Nutrition, Harvard 

T. H. Chan School of Public Health, Boston, Estados Unidos.  

d
Cancer Prevention and Control Program, University of South Carolina, Columbia, SC, 

USA. 

e
Department of Epidemiology and Biostatistics, Arnold School of Public Health, 

University of South Carolina, Columbia, SC, USA. 

f
Connecting Health Innovations LLC, Columbia, SC, 29201, USA. 

g
Researchers from the Cohort of Universities of Minas Gerais (CUME). 

  

                  



3 
 

Thatianne Moreira Silva Oliveira, M.Sc. E-mail: tmso2802@gmail.com 

Adriano Marçal Pimenta, Ph.D.E-mail: adrianompimenta@gmail.com
 

Josefina Bressan, D.Sc. E-mail: jbrm@ufv.br 

Miguel-Ángel Martínez-González, D.Sc. E-mail: mamartinez@unav.es 

Nitin Shivappa, Ph.D. E-mail: shivappa@mailbox.sc.edu 

James R. Hébert, Sc.D. E-mail: jhebert@mailbox.sc.edu 

Helen HermanaMiranda Hermsdorff, Ph.D. E-mail:helenhermana@ufv.br 

 

*Corresponding author: Helen Hermana Miranda Hermsdorff, Ph.D. Department of 

Nutrition and Health, Universidade Federal de Viçosa, Campus Universitário, s/nº, 

CEP: 36570-900, Viçosa-MG, Tel: +55 (0xx31) 3899-1269, E-mail: 

helenhermana@ufv.br 

 

Conflict of interest: The authors declare that they have no competing interests. 

 

Abstract: 266 words 

Word count: 3,505 words  

Number of references: 55 

Number of Tables and Figures: 5 

 

Abbreviations 

CUME: Cohort of Universities of Minas Gerais 

DII
®

: Dietary Inflammatory Index 

FFQ: food frequency questionnaire  

BMI: body mass index  

                  



4 
 

RP: prevalence ratio  

CI: confidence interval 
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Abstract 

Objectives: to evaluate the independent association of Dietary Inflammatory Index 

(DII
®

) score with overweight and obesity in Brazilians participants of the Cohort of 

Universities of Minas Gerais (CUME project). 

Research Methods & Procedures: cross-sectional study with 3,151 graduates and 

postgraduates (2,197 women) with a mean (SD) age of 36.3 (± 9.4) years. 

Sociodemographic characteristics, lifestyle and anthropometric data were assessed by 

online self-reported questionnaire. In addition, a validated food frequency questionnaire 

(FFQ) with 144 food items was used to generate Energy-adjusted DII (E-DII) scores, 

which evaluated the inflammatory potential of the diet.  

Results: the prevalence of overweight and obesity were 28.2% and 11%, respectively. 

Participants in the highest E-DII quartile (most pro-inflammatory diet) were more likely 

to be smokers/ex-smokers; sedentary; and consumers of fat, red and ultraprocessed 

meats, fats and oils (excluding olive oil), bottled fruit juices and soft drinks, sugars, 

sweets and higher overall caloric intake, when compared to the first quartile of E-DII. 

Both men and women in the fourth E-DII quartile had the highest prevalence of 

overweight and obesity (PR = 1.35;95% CI: 1.14-1.59 and PR = 1.97; CI: 1.20-3.22, 

respectively, in men; PR = 1.38; 95% CI: 1.17-1.65 and PR = 1.95; CI: 1.31-2.90, 

respectively, in women). 

Conclusion: the most pro-inflammatory dietary pattern was associated with a higher 

prevalence of overweight and obesity, as well as other unhealthy lifestyles, including 

sedentariness, smoking, and obesogenic diet. 

Key words: overweight, obesity, inflammation, diet, dietary inflammatory index  
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1. Introduction 

Obesity, defined as excessive accumulation of body fat, is a chronic multifactorial 

disease considered public health problem in Brazil [1] and in the world [2]. In Brazil, 

overweight subjects increased from 42.6% in 2006 to 53.8% in 2016, and obesity rising 

from 11.8% to 18.9% in the same time [1]. By 2030, the number of overweight or obese 

people could reach 3.3 billion people worldwide [3].  

In this sense, low-grade inflammation is recognized link between obesity and other 

chronic diseases (e.g. diabetes, metabolic syndrome, and cardiovascular diseases) [4–6]. 

At the same time, health dietary patterns as well as and specific dietary components 

(e.g. folate, unsaturated fatty acids, and polyphenols) have been highlighted for their 

anti or pro-inflammatory role and associated with comorbidities-related obesity [10–13]  

In addition, global dietary indexes allow a more comprehensive evaluation of dietary 

patterns. Among them, DII emerged as a new tool to assess the inflammatory potential 

of the diet, and its relationship with cardiometabolic risk, such as excess body weight, in 

different populations has been well established [14]. In fact, most pro-inflammatory diet 

(higher DII values) has been associated to higher occurrence of metabolic disorders, 

cardiovascular diseases, and mortality [15–18]. However, the relationship between DII 

and chronic outcomes was little reported in the Brazilian population, just in specific 

groups, such as adolescents [19], young adults [20] or individual undergoing bariatric 

surgery [21].  

In this cross-sectional study, we aimed to evaluate the independent association of DII 

scores with overweight and obesity at baseline in participants of the Cohort of 

Universities of Minas Gerais (CUME project) [22]. Our hypothesis is that higher DII 

score (more pro-inflammatory diet) would be related to the higher prevalence of 

overweight or obesity, after accounting for several confounders. 
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2. Materials/Subjects and Methods 

2.1. Cohort of Universities of Minas Gerais: CUME project 

The CUME project is a concurrent open cohort whose objective is to evaluate the 

impact of the Brazilian dietary pattern and the nutritional transition on NCD in adults ≥ 

18 years old, graduates and postgraduates at the Universidade Federal de Viçosa (UFV) 

or the Universidade Federal de Minas Gerais (UFMG), institutions located in the state 

of Minas Gerais, Brazil [22]. 

The cohort methodology has been previously described [22]. Briefly, potential 

volunteers were invited by e-mail and directed to the CUME's virtual page 

(www.projetocume.com.br). Self-reporting online questionnaire consisted of two parts 

and they were sent separately, within one-week interval. The first stage consisted of 

questions related to sociodemographic, anthropometric, lifestyle, and health-related 

data. In the second stage, participants completed the food frequency questionnaire 

(FFQ) and additional questions related to dietary practices and consumption of specialty 

products [22]. 

The CUME project was designed in accordance with the experience of the team as 

researchers of the study Seguimiento Universidad de Navarra (SUN project), which is 

developed in Spain, whose objective is to analyze the influence of the Mediterranean 

diet on health outcomes [23]. 

 

2.2. Study population 

The present study is a cross-sectional analysis of baseline data from the CUME project 

[22]. Of the 4,986 volunteers who answered the baseline CUME questionnaire from 

March to August 2016, 3,151 were included in the present study. Inclusion criteria were 
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residency in Brazil over the last year and baseline questionnaire completion, including 

FFQ. 

The study was approved by the Human Research Ethics Committees of UFMG and 

UFV (nº 596 741-0/2013). All participants read the informed consent form and 

indicated online agreement (with an online command) before responding to the 

questionnaire [22]. 

 

2.3. Food consumption and DII Computation 

In order to evaluate food consumption and calculate the Energy-adjusted DII (E-DII) 

score, a 144-items FFQ was applied, which was previously validated for the Brazilian 

population [24]. Each participant reported the frequency of consumption of a food 

(daily, weekly, monthly or annual), the number of times it consumed (0 to 9 or more 

times) and the portion size, appropriate to each food.  Moreover, they answered 

questions related to daily dietary practices, such as number of meals per day; intake 

visible fat of meats; addition of salt and sugar in ready meals, among others. To enhance 

self-completion of the FFQ, the team developed a photographic album with 96 images 

of food and serving utensils to facilitate the visualization of portions of food and to 

obtain a reliable response regarding consumption. 

The nutrient intake was calculated using daily intake of each food item and its nutrient 

composition, according to the Brazilian Food Composition Table [25]. Where data were 

lacking in the Brazilian tool, the US Department of Agriculture Table [26]
 
was used. 

The Brazilian Carotenoid Composition Table in Foods [27] and the Phenol-Explorer 

database [28] were used for estimation of β-carotene and flavonoids, respectively. 

DII scores were calculated using a scoring algorithm based on a review of 1,943 articles 

linking 45 food parameters and six inflammatory biomarkers (IL-1β, IL-4, IL-6, IL-10, 
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TNF-α, and CRP). Then, food parameters were assigned to positive score (+1) if the 

effect was pro-inflammatory, and assigned to negative score (-1) if the effect was anti-

inflammatory, while zero was assigned if the parameter did not generate significant 

changes in the inflammatory biomarkers, as previously detailed [14]. DII density scores, 

which adjust for energy intake also were calculated; prior to standardization with the 

global intakes the parameters were each converted to 1,000 kcal of energy intake, and 

energy intake as food parameters was excluded from the actual E-DII calculation.  

These scores were based on a similar algorithm that used an energy-adjusted global 

database [29,30]. Positive DII
®

 and E-DII scores represent food patterns with the most 

pro-inflammatory potential, while negative DII
®

 and E-DII values represent food 

patterns with the most anti-inflammatory potential. The DII
®

 has been construct 

validated with several inflammatory markers in various studies [14,31]. 

The E-DII scores in the present study were based on 35 food parameters available from 

the FFQ: energy intake, carbohydrate, protein, total fat, cholesterol, saturated fat, trans 

fat, monounsaturated and polyunsaturated fat, omega 3,omega 6, fiber, alcohol, niacin, 

thiamine, riboflavin, vitamin B12, vitamin B6, folic acid, vitamin A, vitamin C, vitamin 

D, vitamin E, iron, selenium, magnesium, zinc, caffeine, β-carotene, flavonol-3-ol, 

flavones, flavonols, flavonoids, anthocyanidins and isoflavones. 

 

2.4. Determination of overweight and obesity 

The participants reported their current weight and height by completing online 

questionnaire. The BMI (kg/m²) was calculated as body weight (in kilograms) divided 

by height (in meters) squared. The weight-status of the adults was classified according 

to the criteria defined by the World Health Organization [32], as being normal weight 

(18.5 kg/m² ≤ BMI < 25 kg/m²), overweight (25 kg/m² ≤ BMI < 30 kg/m²) or obese 
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(BMI ≥ 30 kg/m²). For participants ≥ 60 years of age the weight-status was classified 

according to the Pan American Health Organization [33], being normal weight (23 

kg/m² < BMI < 28 kg/m²), overweight (28 kg/m²) or obese (BMI ≥ 30 kg/m²). A 

validation study of a subsample of 172 CUME participants at baseline compared self-

reported height and weight with and measured height and weight and obtained adequate 

correlation coefficients [Intraclass Correlation Coefficients of 0.989 (95% CI: 0.985-

0.992) and 0.995 (95% CI: 0.993-0.996) for height and weight, respectively, and kappa 

coefficient of 0.882 between obesity diagnosis based on self-reported and measured 

data, indicates almost perfect agreement] [22,34]. 

 

2.5. Assessment of other variables 

Information on the practice of physical activity (yes or no), smoking (never smoked or 

ex-smokers and smokers), age (years), sex (male or female), and subject area of 

concentration (health science, human science, exact and agrarian sciences) also was 

collected. 

 

2.6. Statistical analysis 

Based on a previous study published that investigated the relationship between DII and 

Overweight/Obesity cases [28], with a similar population to the CUME project, a 

minimal sample of 1,426 participants was calculated for this study, using a 95% 

confidence level, 80% statistical power; ratio exposed/unexposed of 1; prevalence of 

overweight/obesity equal to 20% in individuals in the 1st quartile of the inflammatory 

diet index (most anti-inflammatory) and obesity prevalence ratio of 1.32. 

The database was written in SPSS
®

 software version 20.0. All analyzes were performed 

with Stata
®

 version 13.0 (Stata-Corp, College Station, Texas) and statistical significance 
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was set at α=5% (p values <0.05).To control for the effect of caloric intake on nutrients 

and food groups evaluated, models were adjusted by the residual nutrient method [35]. 

In order to evaluate the associations between E-DII score and nutrient intake, food 

groups, BMI and prevalence of overweight and obesity, participants were categorized 

by E-DII quartile. 

The comparisons of sociodemographic characteristics and BMI among E-DII quartiles 

were made with Pearson's chi-square test for categorical variables and ANOVA for 

continuous variables. When a significant difference was detected, the Bonferroni post 

hoc test was applied to correct multiple comparisons. 

Multiple linear regression analyses were performed with adjustment for sex, age, BMI, 

smoking and physical activity to compare the consumption of macro and micro 

nutrients, food groups and feeding practices among the E-DII quartiles.  

Finally, Poisson regression multivariate models, adjusted for age, smoking, physical 

activity and graduation area, for male and female groups, and additional adjusted for 

sex, for total sample, were fitted to evaluate the association of a pro-inflammatory diet 

with overweight and obesity. Prevalence Ratio (PR) and 95% Confidence Intervals 

(95% CI) were estimated using the first E-DII (anti-inflammatory) quartile as the 

reference category. 

 

3. Results 

Of the 3,151 participants in the CUME project, 30.3% were male and 69.7% female, 

with a mean (SD) of 36.3 (± 9.4) years, since only 3.0% of the population had more 

than 60 years old. The E-DII score had a mean (SD) of -0.12 (1.63) and ranged from -

5.48 to +4.55. The prevalence of overweight was 28.2% and obesity was 11.0%. Among 

the overweight participants, 42.6% were male and 57.4% were female (p <0.001). 
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The total energy intake of subjects are around 3,000 kcal/day in all E-DII quartiles (p 

<0.001). 

Table 1 shows the main sociodemographic characteristics of the participants according 

to E-DII quartile. The individuals included in the last quartile (most pro-inflammatory) 

were more likely to be ex-smokers or smokers, sedentary and consume more alcohol 

compared to those included in the first quartile (most anti-inflammatory). Regarding the 

graduation area, participants included in the first quartile were more likely to be in the 

area of health science. 

Women were represented in higher proportion than men in all quartiles.  Unlike men, 

however, their frequency decreased as E-DII scores became most pro-inflammatory 

(Table 1). Furthermore, BMI values were significantly higher in the highest E-DII 

quartile, compared to the first quartile, for both men and women (Figure 1). 

In relation to food consumption according to E-DII scores, the intake of dairy, white 

and lean meats, fish/shellfish and eggs, whole grains, legumes, olive oil and oilseeds, 

fruits, vegetables and natural fruit juices was significantly higher in the first quartile 

(most anti-inflammatory) and the consumption of red, fat and ultraprocessed meats, fats 

and oils with the exception of olive oil, industrial juices, soft drinks, sugars and sweets 

was higher in the last quartile (most pro-inflammatory) (Table 2). 

The last quartile (most pro-inflammatory) was positively associated with higher 

prevalence of overweight (Table 3) and obesity (Table 4), regardless of confounding 

factors, including sex, age, smoking, physical activity and graduation area. When the 

sample was stratified by sex, the results were similar for both outcomes (Tables 3 and 

4). 
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4. Discussion 

In the present study participants of CUME project in the most pro-inflammatory E-DII 

quartile had higher BMI values and higher prevalence of overweight and obesity 

compared to those in the lower (most anti-inflammatory) E-DII quartiles. 

Our results are in agreement with those obtained in studies conducted in other 

populations. In the Spanish SUN cohort, with 7 027 individuals having a mean age of 

37.4 years, the most pro-inflammatory DII was also associated with a higher risk of 

weight gain and a greater risk for overweight and obesity, independently of total caloric 

intake, physical activity, history of obesity and baseline weight [31]. In the PREvención 

con DIeta MEDiterránea (PREDIMED) trial (also in Spain), with 7,236 subjects with 

cardiometabolic risk, the authors also observed that participants with a most pro-

inflammatory diet (higher DII scores) presented higher values of BMI independently of 

total caloric intake, age, diabetes, hypertension, smoking, physical activity, educational 

level and marital status [36]. A positive correlation between BMI and DII values was 

reported in a review by Ruiz-Canela [37] et al that included data from: 1) the 

PREDIMED; 2) SUN; 3) the Geelong Osteoporosis Study (n=1363 Australian men ≥18 

years); 4) the Supplementation Study on Vitamins and Minerals Antioxidants 

(SU.VI.MAX) study (n=7 743 French women between 35 and 60 years old and 

Frenchmen 45 to 60 years old); 5) and the National Health and Nutrition Examination 

Survey (NHANES) (n=1,734 Americans with previously diagnosed cardiovascular 

disease) [38]. Altogether, these outcomes support the hypothesis that a more pro-

inflammatory diet is related to the prevalence of overweight and obesity. 

In this context, the origin of inflammation during obesity is not yet fully understood  

[39]. The inflammation is recognizably induced by adiposity, but this relationship could 

be bidirectional, creating a vicious cycle of positive feedback [40]. In addition, excess 
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of specific nutrients and some foods that have been associated with inflammation [41–

44] may exacerbate the effects of adiposity. Furthermore, the most pro-inflammatory 

DII (highest quartile) in this study was associated with the most unhealthy eating habits 

(e.g., higher consumption of red, fat and ultra-processed meats, and fats, soft drinks, 

sugar and sweets) and the lowest DII quartile was associated with the healthiest diet 

(e.g., higher consumption of dairy products, white and lean meats, fish/shellfish and 

eggs, whole grains, legumes, olive oil, fruits, and vegetables). In fact, dietary patterns 

provides one of the best approaches to understanding the relationship between diet and 

disease, since it allows for evaluating the inflammatory potential of diet, taking into 

account the potential synergies of different foods [45,46]. Given this, it is not surprising 

that diet quality tends to be better among those individuals with lower relative weight 

[47]. In turn, our results also point to a possible solution to control chronic systemic 

inflammation.  While 8 of the parameters that comprise the DII are pro-inflammatory, 

37 are anti-inflammatory. This latter group is characterized by being colorful, flavorful, 

nutrient-dense and calorie-sparse [14]. So, emphasis on consuming these constituents 

will not only reduce inflammation, but it is likely that it will lead to weight loss.  

In the cross-sectional study of Healthy Lifestyle in Europe by Nutrition in Adolescents 

(HELENA), conducted with 3,528 adolescents, Shivappa et al [48]
 
found that the 

consumption of food items that tended to increase DII include bread and rolls, 

chocolate, margarine, butter and animal fats, and vegetable lipids, carbonated soft 

drinks, meat and cakes, pies, biscuits, and sugar/honey/jam; and had lower consumption 

of vegetables (excluding potatoes), fruits, fruits and vegetable juices, and fish. In 

addition, higher serum concentrations of IL-1, 2 and TNF-αwere observed in 

adolescents with higher DII scores. Studies using DII
®

 scores for analysis also have 

reported positive associations of unhealthy diets (pro-inflammatory DII) with increased 

                  



15 
 

IL-6, IL-1, TNF-α and CRP concentrations and lower concentrations of IL-10; whereas 

in healthy diets (anti-inflammatory DII) the concentrations of these markers were 

uniformly lower [31,35,49,50]. Thus, we can conclude that a diet considered healthy 

tends to be associated with lower DII
®

 (more anti-inflammatory) scores, which 

concomitantly will influence the non-occurrence of the subclinical inflammatory 

process. 

Our study also found that other attributes of healthier lifestyle among those who 

consumed a most anti-inflammatory diet: i.e., they were more likely to be nonsmokers, 

non-alcohol users and physically active, as has been reported by previous studies 

[31,51,52]. This combination of factors can result in a better quality of life and reduce 

the risk of developing future problems as chronic inflammation, obesity and other 

chronic NCDs [53–55]. 

On other hand, our sample is predominantly composed of young adults (only 3.0% of 

the population has ≥ 60 years old) and all participants graduated from university. Other 

studies have found associations between healthier (most anti-inflammatory) diet and 

higher educational attainment (more than 4 years of college) among older people 

[56,57]. 

The strengths of the present study are: a large sample size that guarantees a high 

statistical power; use of a validated instrument to measure the inflammatory potential of 

the diet; control of important confounding factors in the analysis; the high level of 

education of our participants, which guarantees us better reliability of the self-reported 

information and ensures a degree of homogeneity, reinforcing the internal validity of 

our study and reducing the sources of confusion related to education. Moreover, we 

validated self-reported weight, height and BMI in a subsample of our cohort study 

[22,34]; and originality, because it is the second study of the DII® in relation to food 
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intakes and cardiometabolic outcome in the Brazilian population and the third study in 

South American. The other two studies, two were in Argentina, where higher DII scores 

were associated with increased of cases of colorectal [58] cancer and prostate [59] and 

the others were, one in northeastern Brazil, where IBD was positively correlated with 

BMI in people with progressive multiple sclerosis [60] and the other a cross-sectional 

study (nested within a cohort) in Ribeirão Preto, São Paulo, where the DII was 

evaluated in young adults and had no association with insulin resistance or metabolic 

syndrome in either sex [20]. 

Some potential limitations of our study need to be recognized: the use of BMI as an 

indicator of adiposity does not allow us to differentiate lean mass of fat mass, or even 

total adiposity of central adiposity, despite being a tool widely used in epidemiological 

studies, due to its easy measurement and good correlation with body fat [61]. We did 

not measure inflammatory markers in plasma to assess their association with E-DII 

scores in the sample studied, due to the nature of online data collection. However, such 

association has previously been proven [62–64]. In this context, Garcia-Arellano et al 

[9] point out that the use of DII could help in the study of associations between food 

exposures and clinical events, with lower costs and avoidance of blood collection. 

Finally, the analysis of physical activity was classified only as its practice or not 

practice, since the study does not yet present the evaluation by the Brazilian version of 

the International Physical Activity Questionnaire (IPAQ) [65]
 
or the Global Physical 

Activity Questionnaire (GPAQ) [66], but we emphasize that the non-practice of 

physical activity contributes to the presence of obesity. In conclusion, the most pro-

inflammatory dietary pattern was associated with a higher prevalence of overweight and 

obesity in men and women participating in the baseline study of the CUME study. E-
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DII scores also were associated with other unhealthy lifestyle characteristics, including 

sedentariness, smoking, and obesogenic diet. 

 

Acknowledgements 

We thank the volunteers participating in the study and the Associação dos Ex-alunos da 

UFV e da UFMG. We also thank to the Coordenação  de Aperfeiçoamento de Pessoal 

de Nível Superior - CAPES (Finance Code 001, Ministry of Education, Brazil) and the 

FAPEMIG (grant: CDS-APQ-00424-17, State of Minas Gerais, Brazil) for financial 

support. HHM Hermsdorff and J Bressan are CNPq Research Productivity Fellows. 

Competing Interests 

All authors declared no competing financial interests in relation to the work 

described. 

Statement of Authorship 

TMSO, AMP, HHMH and JB participated in the study design and data collection. 

TMSO performed the statistical analysis and drafted the manuscript. AMP and HHMH 

guided TMSO in article writing, critical review, statistical analysis and data 

interpretation. NS obtained the E-DII score from the data delivered to it, obtained by 

TMSO, member of the CUME research group. JB, NS, JRH and MAMG performed 

critical review of the article. All authors have approved the final version of this article 

submitted. 

Declaration 

JRH owns controlling interest in Connecting Health Innovations LLC (CHI), a company 

planning to license the right to his invention of the dietary inflammatory index (DII) 

from the University of South Carolina in order to develop computer and smart phone 

applications for patient counseling and dietary intervention in clinical settings. NS is an 

                  



18 
 

employee of CHI. The subject matter of this paper will not have any direct bearing on 

that work, nor has that activity exerted any influence on this project. 

Declaration of interests 

The authors declare that they have no known competing financial interests or personal 

relationships that could have appeared to influence the work reported in this paper. 

 

 

References 

[1] VIGITEL. Vigitel Brasil 2017 - Vigilância De Fatores De Risco E Proteção Para 

Doenças Crônicas Por Inquérito Telefônico. 2018. 

[2] World Health Organization (WHO). World Health Statistics 2014. Geneva 

2014:180. https://www.who.int/topics/obesity/en/. 

[3] Magueresse-Battistoni B Le, Labaronne E, Vidal H, Naville D. Endocrine 

disrupting chemicals in mixture and obesity, diabetes and related metabolic 

disorders. World J Biol Chem 2017;8:108. doi:10.4331/wjbc.v8.i2.108. 

[4] Hermsdorff HHM, Volp ACP, Puchau B, Barbosa KBF, Zulet MÁ, Bressan J, et 

al. Contribution of gender and body fat distribution to inflammatory marker 

concentrations in apparently healthy young adults. Inflamm Res 2012;61:427–35. 

doi:10.1007/s00011-011-0429-z. 

[5] Hermsdorff HHM, Zulet MÁ, Puchau B, Martínez JA. Central adiposity rather 

than total adiposity measurements are specifically involved in the inflammatory 

status from healthy young adults. Inflammation 2011;34:161–70. 

doi:10.1007/s10753-010-9219-y. 

[6] Lavie CJ, Laddu D, Arena R, Ortega FB, Alpert MA, Kushner RF. Reprint of: 

Healthy Weight and Obesity Prevention. J Am Coll Cardiol 2018;72:3027–52. 

doi:10.1016/j.jacc.2018.10.024. 

                  



19 
 

[7] Esmaillzadeh A, Kimiagar M, Mehrabi Y, Azadbakht L, Hu FB, Willett WC. 

Dietary Patterns and Markers of Systemic Inflammation among Iranian Women. 

J Nutr 2007;137:992–8. doi:10.1093/jn/137.4.992. 

[8] Bressan J, Hermsdorff HHM, Zulet MÁ, Martínez JA. Impacto hormonal e 

inflamatório de diferentes composições dietéticas: ênfase em padrões alimentares 

e fatores dietéticos específicos. Arq Bras Endocrinol Metabol 2009;53:572–81. 

doi:10.1590/S0004-27302009000500010. 

[9] Garcia-Arellano A, Ramallal R, Ruiz-Canela M, Salas-Salvadó J, Corella D, 

Shivappa N, et al. Dietary inflammatory index and incidence of cardiovascular 

disease in the PREDIMED study. Nutrients 2015;7:4124–38. 

doi:10.3390/nu7064124. 

[10] Ribeiro PV de M, Andrade PA, Hermsdorff HHM, dos Santos CA, Cotta RMM, 

Estanislau J de ASG, et al. Dietary non-nutrients in the prevention of non-

communicable diseases: Potentially related mechanisms. Nutrition 2019;66:22–8. 

doi:10.1016/j.nut.2019.03.016. 

[11] Pereira GA, Bressan J, Oliveira FLP, Sant’ana HMP, Pimenta AM, Lopes LL, et 

al. Dietary folate intake is negatively associated with excess body weight in 

brazilian graduates and postgraduates (CUME project). Nutrients 2019;11. 

doi:10.3390/nu11030518. 

[12] Silveira BKS, De Novaes JF, Reis NDA, Lourenço LP, Capobiango AHM, 

Vieira SA, et al. “Traditional” and “Healthy” Dietary Patterns Are Associated 

with Low Cardiometabolic Risk in Brazilian Subjects. Cardiol Res Pract 

2018;2018. doi:10.1155/2018/4585412. 

[13] Rocha DMUP, Lopes LL, Da Silva A, Oliveira LL, Bressan J, Hermsdorff HHM. 

Orange juice modulates proinflammatory cytokines after high-fat saturated meal 

                  



20 
 

consumption. Food Funct 2017;8:4396–403. doi:10.1039/C7FO01139C. 

[14] Shivappa N, Steck SE, Hurley TG, Hussey JR, Hébert JR. Designing and 

developing a literature-derived, population-based dietary inflammatory index. 

Public Health Nutr 2014;17:1689–96. doi:10.1017/S1368980013002115. 

[15] Phillips CM, Chen L-W, Heude B, Bernard JY, Harvey NC, Duijts L, et al. 

Dietary Inflammatory Index and Non-Communicable Disease Risk: A Narrative 

Review. Nutrients 2019;11:1873. doi:10.3390/nu11081873. 

[16] Okada E, Shirakawa T, Shivappa N, Wakai K, Suzuki K, Date C, et al. Dietary 

Inflammatory Index Is Associated with Risk of All-Cause and Cardiovascular 

Disease Mortality but Not with Cancer Mortality in Middle-Aged and Older 

Japanese Adults. J Nutr 2019;149:1451–9. doi:10.1093/jn/nxz085. 

[17] Garcia-Arellano A, Martínez-González MA, Ramallal R, Salas-Salvadó J, Hébert 

JR, Corella D, et al. Dietary inflammatory index and all-cause mortality in large 

cohorts: The SUN and PREDIMED studies. Clin Nutr 2019;38:1221–31. 

doi:10.1016/j.clnu.2018.05.003. 

[18] Park SY, Kang M, Wilkens LR, Shvetsov YB, Harmon BE, Shivappa N, et al. 

The dietary inflammatory index and all-cause, cardiovascular disease, and cancer 

mortality in the multiethnic cohort study. Nutrients 2018;10:1–12. 

doi:10.3390/nu10121844. 

[19] Ferreira YAM, Kravchychyn ACP, Vicente S de CF, Campos RM da S, Tock L, 

Oyama LM, et al. An interdisciplinary weight loss program improves body 

composition and metabolic profile in adolescents with obesity: Associations with 

the dietary inflammatory index. Front Nutr 2019;6. doi:10.3389/fnut.2019.00077. 

[20] Carvalho CA, Silva AAM, Assunção MCF, Fonseca PCA, Barbieri MA, Bettiol 

H, et al. The dietary inflammatory index and insulin resistance or metabolic 

                  



21 
 

syndrome in young adults. Nutrition 2019;58:187–93. 

doi:10.1016/j.nut.2018.07.014. 

[21] Andrade PA, Hermsdorff HHM, Leite JIA, Shivappa N, Hébert JR, Henriques 

HKF, et al. Baseline Pro-inflammatory Diet Is Inversely Associated with Change 

in Weight and Body Fat 6 Months Following-up to Bariatric Surgery. Obes Surg 

2019;29:457–63. doi:10.1007/s11695-018-3530-3. 

[22] Gomes Domingos AL, Miranda AE da S, Pimenta AM, Hermsdorff HHM, 

Oliveira FLP de, dos Santos LC, et al. Cohort Profile: The Cohort of Universities 

of Minas Gerais (CUME). Int J Epidemiol 2018:1–10. doi:10.1093/ije/dyy152. 

[23] Seguí-Gómez M, de la Fuente C, Vázquez Z, de Irala J, Martínez-González MA. 

Cohort profile: The “Seguimiento Universidad de Navarra” (SUN) study. Int J 

Epidemiol 2006;35:1417–22. doi:10.1093/ije/dyl223. 

[24] Henn RL, Fuchs SC, Fuchs FD. Development and validation of a food frequency 

questionnaire ( FFQ-Porto Alegre ) for adolescent , adult and elderly populations 

from Southern Brazil Desenvolvimento e validação de um questionário de 

freqüência alimentar ( QFA-Porto Alegre ) para a popula 2010;26:2068–79. 

[25] TACO. Tabela Brasileira de Composição de Alimentos. vol. 1. 2011. 

doi:10.1002/(SICI)1096-9861(19980713)396:4<461::AID-CNE4>3.0.CO;2-#. 

[26] United States Department of Agriculture. USDA Food Composition Databases 

2018:9894. https://ndb.nal.usda.gov/ndb/search/list. 

[27] Rodrigues-Amaya DB. Tabela Brasileira de Composição de Carotenóides em 

Alimentos. vol. 52. 2008. 

[28] Neveu V, Perez-Jiménez J, Vos F, Crespy V, du Chaffaut L, Mennen L, et al. 

Phenol-Explorer: an online comprehensive database on polyphenol contents in 

foods. Database (Oxford) 2010;2010:1–9. doi:10.1093/database/bap024. 

                  



22 
 

[29] Shivappa N, Hebert JR, Anderson LA, Shrubsole MJ, Murray LJ, Getty LB, et al. 

Dietary inflammatory index and risk of reflux oesophagitis, Barrett’s oesophagus 

and oesophageal adenocarcinoma: A population-based case-control study. Br J 

Nutr 2017;117:1323–31. doi:10.1017/S0007114517001131. 

[30] Shivappa N, Hébert JR, Rashidkhani B. Dietary Inflammatory Index and Risk of 

Esophageal Squamous Cell Cancer in a Case-Control Study from Iran. Nutr 

Cancer 2015;67:1253–9. doi:10.1080/01635581.2015.1082108. 

[31] Ramallal R, Toledo E, Martínez JA, Shivappa N, Hébert JR, Martínez-González 

MA, et al. Inflammatory potential of diet, weight gain, and incidence of 

overweight/obesity: The SUN cohort. Obesity 2017;25:997–1005. 

doi:10.1002/oby.21833. 

[32] Bjorntorp P, Bray GA, Carroll KK, Chuchalin A, Dietz WH, Ehrlich GE, et al. 

Obesity : Preventing and Managing the Global Epidemic. WHO Tech Rep Ser 

2000. doi:ISBN 92 4 120894 5. 

[33] Pan American HealthOrganization. XXXVI Reunión del Comitê Asesor de 

Ivestigaciones en Salud – Encuestra Multicêntrica – Salud Beinestar y 

Envejecimeiento (SABE) en América Latina e el Caribe 2009. 

https://www.paho.org/hq/index.php?option=com_content&view=article&id=173

4:2009-documentos-cais&Itemid=1654&lang=es. 

[34] Miranda AE da S, Ferreira AVM, Oliveira FLP de, Hermsdorff HHM, Bressan J, 

Pimenta AM. Validation of Metabolic Syndrome and Its Self Reported 

Components in the Cume Study. REME Rev Min Enferm 2017;21:1–7. 

doi:10.5935/1415-2762.20170079. 

[35] Willett WC. Nutritional Epidemiology. 2nd ed. New York: Oxford University 

Press: 1998. 

                  



23 
 

[36] Protein C, Cavicchia PP, Steck SE, Hurley TG, Hussey JR, Ma Y, et al. A New 

Dietary Inflammatory Index Predicts Interval Changes in Serum High-

Sensitivity. J Nutr 2009;139:2365–72. doi:10.3945/jn.109.114025.2365. 

[37] Ruiz-Canela M, Zazpe I, Shivappa N, Hébert JR, Sánchez-Tainta A, Corella D, et 

al. Dietary inflammatory index and anthropometric measures of obesity in a 

population sample at high cardiovascular risk from the PREDIMED 

(PREvención con DIeta MEDiterránea) trial. Br J Nutr 2015;113:984–95. 

doi:10.1017/S0007114514004401. 

[38] Ruiz-Canela M, Bes-Rastrollo M, Martínez-González MA. The role of dietary 

inflammatory index in cardiovascular disease, metabolic syndrome and mortality. 

Int J Mol Sci 2016;17. doi:10.3390/ijms17081265. 

[39] Archer E, Lavie CJ, Hill JO. The Contributions of ‘Diet’ ‘Genes’ and Physical 

Activity to the Etiology of Obesity: Contrary Evidence and Consilience. Prog 

Cardiovasc Dis 2018;61:89–102. doi:10.1016/j.pcad.2018.06.002. 

[40] Gregor MF, Hotamisligil GS. Inflammatory Mechanisms in Obesity. Annu Rev 

Immunol 2011;29:415–45. doi:10.1146/annurev-immunol-031210-101322. 

[41] Rocha DM, Bressan J, Hermsdorff HH. The role of dietary fatty acid intake in 

inflammatory gene expression: a critical review. Sao Paulo Med J 2017;135:157–

68. doi:10.1590/1516-3180.2016.008607072016. 

[42] Hermsdorff HHM, Zulet MÁ, Puchau B, Martínez JA. Fruit and vegetable 

consumption and proinflammatory gene expression from peripheral blood 

mononuclear cells in young adults: A translational study. Nutr Metab 2010;7:1–

11. doi:10.1186/1743-7075-7-42. 

[43] Hermsdorff HHM, Zulet MÁ, Abete I, Martínez JA. A legume-based hypocaloric 

diet reduces proinflammatory status and improves metabolic features in 

                  



24 
 

overweight/obese subjects. Eur J Nutr 2011;50:61–9. doi:10.1007/s00394-010-

0115-x. 

[44] Khan N, Khymenets O, Urpí-Sardà M, Tulipani S, Garcia-Aloy M, Monagas M, 

et al. Cocoa polyphenols and inflammatory markers of cardiovascular disease. 

vol. 6. 2014. doi:10.3390/nu6020844. 

[45] Jacobs DR, Steffen LM. Nutrients , foods , and dietary patterns as exposures in 

research : Am J Clin Nutr 2003;78:508–13. 

[46] DiNicolantonio JJ, Mehta V, Onkaramurthy N, O’Keefe JH. Fructose-induced 

inflammation and increased cortisol: A new mechanism for how sugar induces 

visceral adiposity. Prog Cardiovasc Dis 2018;61:3–9. 

doi:10.1016/j.pcad.2017.12.001. 

[47] Pate RR, Taverno Ross SE, Liese AD, Dowda M. Associations among physical 

activity, diet quality, and weight status in US adults. Med Sci Sports Exerc 

2015;47:743–50. doi:10.1249/MSS.0000000000000456. 

[48] Shivappa N, Hebert JR, Marcos A, Diaz LE, Gomez S, Nova E, et al. Association 

between dietary inflammatory index and inflammatory markers in the HELENA 

study. Mol Nutr Food Res 2017;61:1–10. doi:10.1002/mnfr.201600707. 

[49] Nettleton JA, Steffen LM, Mayer-davis EJ, Jenny NS, Jiang R, Herrington DM, 

et al. Dietary patterns are associated with biochemical markers of inflammation 

and endothelial activation 2006:1–3. 

[50] Julia C, Meunier N, Touvier M, Ahluwalia N, Sapin V, Papet I, et al. Dietary 

patterns and risk of elevated C-reactive protein concentrations 12 years later. Br J 

Nutr 2013;110:747–54. doi:10.1017/S0007114512005636. 

[51] Pimenta AM, Toledo E, Rodriguez-Diez MC, Gea A, Lopez-Iracheta R, 

Shivappa N, et al. Dietary indexes, food patterns and incidence of metabolic 

                  



25 
 

syndrome in a Mediterranean cohort: The SUN project. Clin Nutr 2015;34:508–

14. doi:10.1016/j.clnu.2014.06.002. 

[52] Shivappa N, Steck SE, Hussey JR, Ma Y, Hebert JR. Inflammatory potential of 

diet and all-cause, cardiovascular, and cancer mortality in National Health and 

Nutrition Examination Survey III Study. Eur J Nutr 2017;56:683–92. 

doi:10.1007/s00394-015-1112-x. 

[53] Fletcher GF, Landolfo C, Niebauer J, Ozemek C, Arena R, Lavie CJ. Reprint of: 

Promoting Physical Activity and Exercise. J Am Coll Cardiol 2018;72:3053–70. 

doi:10.1016/j.jacc.2018.10.025. 

[54] Ozemek C, Laddu DR, Lavie CJ, Claeys H, Kaminsky LA, Ross R, et al. An 

Update on the Role of Cardiorespiratory Fitness, Structured Exercise and 

Lifestyle Physical Activity in Preventing Cardiovascular Disease and Health 

Risk. Prog Cardiovasc Dis 2018;61:484–90. doi:10.1016/j.pcad.2018.11.005. 

[55] Harber MP, Kaminsky LA, Arena R, Blair SN, Franklin BA, Myers J, et al. 

Impact of Cardiorespiratory Fitness on All-Cause and Disease-Specific 

Mortality: Advances Since 2009. Prog Cardiovasc Dis 2017;60:11–20. 

doi:10.1016/j.pcad.2017.03.001. 

[56] Hiza HAB, Casavale KO, Guenther PM, Davis CA. Diet Quality of Americans 

Differs by Age, Sex, Race/Ethnicity, Income, and Education Level. J Acad Nutr 

Diet 2013;113:297–306. doi:10.1016/j.jand.2012.08.011. 

[57] Patterns D, Quality D, Diverse A, Study B, Aging OF. Older Adults : the 

University of Alabama At 2013;17:19–25. doi:10.1007/s12603-012-0082-

4.DIETARY. 

[58] Niclis C, Pou SA, Shivappa N, Hébert JR, Steck SE, Díaz M del P. 

Proinflammatory dietary intake is associated with increased risk of colorectal 

                  



26 
 

cancer: Results of a case-control study in Argentina using a multilevel modeling 

approach. Nutr Cancer 2018;70:61–8. doi:10.1080/01635581.2018.1397710. 

[59] Shivappa N, Niclis C, Coquet JB, Román MD, Hébert JR, Diaz M del P. 

Increased inflammatory potential of diet is associated with increased odds of 

prostate cancer in Argentinian men. Cancer Causes Control 2018;29:803–13. 

doi:10.1007/s10552-018-1056-6. 

[60] Da Costa Silva BY, De Carvalho Sampaio HA, Shivappa N, Hébert J, Silva 

Albuquerque L Da, Ferreira Carioca AA, et al. Interactions between dietary 

inflammatory index, nutritional state and Multiple Sclerosis clinical condition. 

Clin Nutr ESPEN 2018;26:35–41. doi:10.1016/j.clnesp.2018.04.018. 

[61] Lear SA, Humphries KH, Kohli S, Birmingham CL. The use of BMI and waist 

circumference as surrogates of body fat differs by ethnicity. Obesity 

2007;15:2817–24. doi:10.1038/oby.2007.334. 

[62] Shivappa N, Steck SE, Hurley TG, Hussey JR, Ma Y, Ockene IS, et al. A 

population-based dietary inflammatory index predicts levels of C-reactive protein 

in the Seasonal Variation of Blood Cholesterol Study (SEASONS). Public Health 

Nutr 2014;17:1825–33. doi:10.1017/S1368980013002565. 

[63] Wirth MD, Shivappa N, Davis L, Hurley TG, Ortaglia A, Drayton R, et al. 

Construct validation of the Dietary Inflammatory Index among African 

Americans. J Nutr Heal Aging 2017;21:487–91. doi:10.1007/s12603-016-0775-1. 

[64] Bodén S, Wennberg M, Van Guelpen B, Johansson I, Lindahl B, Andersson J, et 

al. Dietary inflammatory index and risk of first myocardial infarction; a 

prospective population-based study. Nutr J 2017;16:1–10. doi:10.1186/s12937-

017-0243-8. 

[65] IPAQ - International Physical Activity Questionnaire. International Physical 

                  



27 
 

Activity Questionnaire n.d. https://sites.google.com/site/theipaq/. 

[66] WHO. Global Physical Activity Questionnaire ( GPAQ ) WHO STEPwise 

approach to NCD risk factor surveillance. Surveill Popul Prev Prev 

Noncommunicable Dis Dep 2008:1–3. 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Body Mass Index values according to E-DII for men (A) and women (B) 

participants in the CUME project (n=3 151), 2016. 

p value of ANOVA. 

p value <0.05: different letters (a, b and c) mean statistical differences, according to 

Bonferroni post hoc to correct multiple comparisons. 

Q = quartile. 
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Table 1. Sociodemographic characteristics according to E-DII of the participants of the 

CUME project (n = 3151), 2016. 

Características E-DII 

 Q1 

(-5.48, -1.37) 

(most anti-

inflammatory) 

Q2 

(-1.37, -

0.26) 

Q3 

(-0.26, 

1.08) 

Q4 

(1.08, 4.55) 

(most pro-

inflammatory) 

p 

value 

n = 787 n = 788 
n = 

788 
n = 788 

Sex [n (%)]      

    Male 
205 (26.1) 

215 

(27.3) 

247 

(31.4) 
287 (36.4) 

< 

0.001     Female 
582 (73.9) 

573 

(72.7) 

541 

(68.6) 
501 (63.6) 

Age, years [mean 

(SD)] 
36.5 ± 9.9 

36.8 ± 

10.0 

35.7 ± 

8.8 
36.1 ± 8.9 0.040 

Marital status [n (%)]      

    Married or stable 

union 
413 (52.7) 

410 

(52.6) 

403 

(51.8) 
392 (50.5) 

0.840     Single, 

separated/divorced, 

widower 

370 (47.2) 
371 

(47.4) 

377 

(48.2)  
390 (49.5) 

Smoking [n (%)]      

    Never smoked 
660 (83.8) 

626 

(79.4) 

610 

(77.4) 
603 (76.5) 

0.001 
    Ex-smorkers and 

smokers 
127 (16.2) 

162 

(20.6) 

178 

(22.6)  
185 (23.5) 

Alcoholic beverage 

consumption [n (%)] 
     

No 
253 (32.2) 

229 

(29.1) 

172 

(21.8) 
202 (25.7) 

< 

0.001 Yes 
534 (67.8) 

559 

(70.9) 

616 

(78.2) 
586 (74.3) 

Physical activity 

practice [n (%)] 
     

Yes 
642 (81.6) 

625 

(79.3) 

570 

(72.4) 
538 (68.3) 

< 

0.001 No 
145 (18.4) 

163 

(20.7) 

218 

(27.6)  
250 (31.7) 

Graduation area [n 

(%)] 
     

Health Science 
305 (38.7) 

297 

(37.7) 

267 

(33.9) 
255 (32.3) 

0.020 

Human Science 
271 (34.4) 

250 

(31.7) 

262 

(33.2) 
288 (36.5) 

Exact Science 
141 (17.9) 

156 

(19.8) 

163 

(20.7) 
139 (17.6) 

Agrarian Science 
70 (8.9) 

85 

(10.8) 

96 

(12.2) 
106 (13.4) 
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p value of ANOVA or chi-square test, for continuous or categorical variables, 

respectively. 

Q = quartile. 

 

 

Table 2.Daily food consumption according to E-DII of the participants of the CUME 

project (n = 3151), 2016. 

 

Daily consumption E-DII 

 Q1 

(-5.48, -1.37) 

(most anti-

inflammatory) 

Q2 

(-1.37, 

-0.26) 

Q3 

(-0.26, 

1.08) 

Q4 

(1.08, 4.55) 

(most pro-

inflammatory) 

p 

trend* 

n = 787 
n = 

788 

n = 

788 
n = 788 

Energy intake(kcal)  

2 899 ± 1 483 

3 072 

± 1 

735  

3 155 

± 1 

471  

3 330 ± 1 573 <0.001 

Carbohydrate, %TCV 
50.7 ± 7.8 

50.1 ± 

9.5 

49.5 ± 

9.3 
49.9 ± 12.8 0.131 

Protein, %TCV 
19.0 ± 4.5 

18.8 ± 

5.9 

18.7 ± 

4.6 
18.3 ± 5.7 0.002 

Lipid, %TCV 
30.2 ± 6.3 

31.0 ± 

7.3 

31.7 

±7.5 
31.9 ± 10.3 

< 

0.001 

FAMonounsaturated, 

%TCV 
14.3 ± 4.3 

13.8 ± 

4.8 

13.5 ± 

4.8 
12.6 ± 5.7 

< 

0.001 

FAPolyunsaturated, 

%TCV 
5.8 ± 2.0 

5.4 ± 

2.1 

5.4 ± 

2.4 
4.6 ± 2.4 

< 

0.001 

FASaturated, %TCV 
7.9 ± 2.2 

8.6 ± 

3.0 

9.0 ± 

3.2 
9.4 ± 4.6 

< 

0.001 

Food Groups (g/day)      

Dairy products 

274.5 ± 207.5 

266.2 

± 

207.7 

258.1 

± 

199.8 

253.4 ± 232.2 0.01 

Red, fat and 

ultraprocessed meats 115.8 ± 82.0
 125.5 

± 99.0
 

142.4 

± 

110.7
 

156.4 ± 153.4
 

<0.001 

White and lean meats, 

fish/shellfish and eggs 133.7 ± 117.6
 

121.6 

± 

159.3
 

107.9 

± 

116.5
 

91.5 ± 128.0 <0.001 

Refined cereals (breads 

and noodles) 
131.0 ± 89.6

 142.9 

± 94.3
 

147.8 

± 99.5
 149.2 ± 117.6

 
0.05 

Whole grains (breads, 

oats and rice) 
63.3 ± 58.8

 53.7 ± 

55.1
 

46.4 ± 

53.5
 34.9 ± 51.5

 
<0.001 

Legumes 
115.5 ± 122.3

 72.7 ± 

96.5
 

66.8 ± 

73.2
 42.1 ± 46.1

 
<0.001 

Fats and oils, excluding 

olive oil 
14.1 ± 12.3

 16.3 ± 

14.9
 

18.0 ± 

15.5
 18.6 ± 17.8

 
<0.001 
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Olive oil 
4.6 ± 3.6

 4.2 ± 

3.3
 

4.2 ± 

4.3
 3.9 ± 4.4

 
0.003 

Fruits 

766.6 ± 467.5
 

569.2 

± 

333.4
 

397.7 

± 

298.3
 

224.4 ± 241.1
 

<0.001 

Vegetables, excluding 

potatoes 261.4 ± 169.7
 

199.5 

± 

110.0 
 

154.7 

± 93.4
 109.1 ± 84.9

 
<0.001 

Natural fruit juice 

153.9 ± 143.4
 

130.2 

± 

124.6 
 

106.7 

± 

118.2
 

85.8 ± 126.8
 

<0.001 

Industrial juices and 

soft drinks 100.5 ± 142.1
 

110.7 

± 

152.8 
 

133.4 

± 

165.9
 

138.8 ± 192.9
 

0.002 

Alcoholic beverage 

93.0 ± 136.7 
95.6 ± 

173.5 

108.2 

± 

193.2 

92.7 ± 145.9 0.15 

Oilseeds 
18.2 ± 23.2

 15.7 ± 

29.9 
 

13.5 ± 

29.6
 9.6 ± 22.5

 
<0.001 

Sugars and sweets 
33.2 ± 33.7

 34.9 ± 

37.7
 

39.4 ± 

39.0
 40.5 ± 51.1

 
0.001 

Preparation of the 

refined cereal base and 

fried foods 

61.9 ± 59.0
 69.8 ± 

72.2
 

75.6 ± 

79.8
 69.4 ± 102.0

 
0.49 

*p<0.05: for the multiple linear regression model, adjusted for sex (male or female), age 

(years), BMI (kg/m²), smoking (never smoked or ex-smokers and smokers). 

Data are expressed as mean ± SD. 

Q = quartile. 
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Table 3. Prevalence ratio (PR) for overweight*
,
†according to E-DII of the participants 

of CUME project (n = 3151), 2016.  

 

 Simple Poisson Regression Adjusted Poisson Regression 
b, c 

Total PR (95% CI) p value PR (95% CI) p value 

E-DII (quartile) 
 

    

1º (most anti-

inflammatory) 

1 (ref.)  1 (ref.)  

2º 1.15 (1.01 – 

1.33) 
0.036 1.13 (0.98 – 

1.29) 

0.08 

3º 1.26 (1.11 – 

1.44) 
0.001 1.22 (1.07 – 

1.39) 
0.002 

4° (most pro-

inflammatory) 

1.50 (1.32 – 

1.70) 
< 0.001 1.39 (1.23 – 

1.57) 
< 0.001 

Male PR (95% CI) p value  PR (95% CI) p value 

E-DII (quartile) 
 

    

1º (most anti-

inflammatory) 

1 (ref.)  1 (ref.)  

2º 1.08 (0.90 – 

1.32) 

0.381 1.08 (0.89 – 

1.31) 

0.40 

3º 1.10 (0.91 – 

1.32) 

0.310 1.10 (0.91 – 

1.32) 

0.31 

4° (most pro-

inflammatory) 

1.35 (1.14 – 

1.59) 
< 0.001 1.35 (1.14 – 

1.59) 
< 0.001 

Female PR (95% CI) p value  PR (95% CI) p value 

E-DII (quartile) 
 

    

1º (most anti-

inflammatory) 

1 (ref.)  1 (ref.)  

2º 1.19 (0.99 – 

1.43) 

0.064 1.14 (0.95 – 

1.36) 

0.14 

3º 1.32 (1.10 – 

1.58) 
0.002 1.30 (1.10 – 

1.55) 
0.003 

4° (most pro-

inflammatory) 

1.46 (1.22 – 

1.74) 
< 0.001 1.38 (1.17 – 

1.65) 
< 0.001 

* Overweight for BMI ≥ 25 kg/m² (WHO, 1998) and BMI ≥ 28 kg/m² (PAHO, 2002). 

† Total sample shows 1233 overweight individuals, male group 525 and female group 

708. 
b
 Adjusted for age (years),smoking (neversmokedor ex-smokers and smokers), physical 

activity (yes or no) and graduation area (health, human, exact and agrarian sciences) for 

male and female groups. 
c
 Additional adjustment for sex (male or female), for total sample. 
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Table 4. Prevalence ratio (PR) for obesity*
,
† according to E-DII of the participants of 

CUME project (n = 3151), 2016. 

 

 Simple Poisson Regression Adjusted Poisson Regression 
b, c 

Total PR (95% 

CI) 

p value PR (95% 

CI) 

p value 

E-DII (quartile) 
 

    

1º (most anti-

inflammatory) 

1 (ref.)  1 (ref.)  

2º 1.63 (1.17 

– 2.27) 
0.004 1.56 (1.12 

– 2.17) 
0.008 

3º 1.78 (1.28 

– 2.47) 
< 0.001 1.68 (1.21 

– 2.31) 
0.002 

4° (most pro-

inflammatory) 

2.24 (1.64 

– 3.06) 
< 0.001 1.99 (1.46 

– 2.71) 
< 0.001 

Male PR (95% 

CI) 

p value PR (95% 

CI) 

p value 

E-DII (quartile) 
 

    

1º (most anti-

inflammatory) 

1 (ref.)  1 (ref.)  

2º 1.65 (0.97 

– 2.81) 

0.064 1.63 (0.96 

– 2.77) 

0.07 

3º 1.70 (1.01 

– 2.85) 
0.043 1.70 (1.01 

– 2.84) 
0.04 

4° (most pro-

inflammatory) 

1.99 (1.22 

– 3.26) 
< 0.001 1.97 (1.20 

– 3.22) 
< 0.001 

Female PR (95% 

CI) 

p value PR (95% 

CI) 

p value 

E-DII (quartile) 
 

    

1º (most anti-

inflammatory) 

1 (ref.)  1 (ref.)  

2º 1.60 (1.05 

– 2.44) 
0.028 1.51 (0.99 

– 2.29) 

0.05 

3º 1.75 (1.16 

– 2.66) 
0.008 1.65 (1.09 

– 2.50) 
0.02 

4° (most pro-

inflammatory) 

2.24 (1.50 

– 3.36) 
< 0.001 1.95 (1.31 

– 2.90) 
0.001 

* Obesity for BMI ≥ 30 kg/m² (WHO, 1998; PAHO, 2002). 

† Total sample presents 347 individuals with obesity, male group 144 and female 203. 
b
 Adjusted for age (years), smoking (never smoked or ex-smokers and smokers), 

physical activity (yes or no) and graduation area (health, human, exact and agrarian 

sciences) for male and female groups. 
c
 Additional adjustment for sex (male or female), for total sample. 

 

 

                  


