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ABSTRACT 

Background:  Obesity is a complex disease that has an 

epidemic character affecting more than 1 billion 

people worldwide. Excessive accumulation of fat is 

associated with increased consumption of ultra-

processed foods. This type of food provides large 

amounts of free sugars and saturated fats, which 

contribute to a high energy intake. It is well 

established that the main cause of obesity involves 

regulation between calories consumed and expended, 

however, this concept may be incomplete. Several 

methods can be explored to reduce body weight, 

however, for a healthy weight loss process, it is 

important to direct the individual to a balanced diet, 

with control of quantity, correct proportions of 

macronutrients, variety and combinations of different 

foods and nutrients. Objective: The aim of the study 

was to analyse the diet quality according to the food 

production process considering the different obesity 

degree by body mass index in a women sample. 

Methods: 139 women with obesity aged between 20 

and 45 years old were included in this observational, 

cross-sectional study. Body composition and the 

three-day food record were analyzed.  Results: The 

consumption of carboydrates (%), lipides (%) and 

monounsaturated fat (%) from ultra-processed foods 

were higher in the group with the highest BMI. 

However monounsaturated fat (%) from in nature 

foods was higher in the group with the lowest BMI. In 

addition, a positive association between carbohydrates 

(from ultra-processed foods) and waist circumference 

was observed. Conclusion: This investigation can 

stimulate public health programs to reinforce 

guidelines regarding the type of food procedure, 

giving priority to take care of the population's health 

by improving nutritional quality, preventing, and 

treating obesity in a multidisciplinary way. 
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1 INTRODUCTION 

The main cause of obesity is the regulation of energy intake and expended calories, but this disease 

is complex and can interact with biological, social, cultural, public health and political dimensions (Lin X, 

Li H, 2021). It is well established that a high body mass index (BMI) has an important impact on obesity-

related comorbidities, such as diabetes, cardiovascular diseases, hypertension, hepatic steatosis, and cancer, 

resulting in dramatic decrease of life quality and expectancy (WHO, 2020). 

The prevalence of obesity has enhanced in both male and female, and across all ages. More than 1 

billion people worldwide are with obesity – 650 million adults, 340 million adolescents and 39 million 

children (WHO, 2022). According to the National Health Survey (PNS, 2020), in Brazil, more than half of 

adults are currently overweight (60.3%), with a higher prevalence in females (62.6%) than in males 

(57.5%). Obesity affects 25.9% of the population, reaching 41.2 million adults (Ministério da Saúde, 2021).  

This epidemic scenario can be explained by several possible mechanisms, such as increased 

consumption of high energy-dense foods since the fundamental cause of obesity and overweight is a 

positive energy balance. However, this concept may be incomplete. Reduced-calorie diets result in 

clinically meaningful weight loss, but the food sources and quality of nutrients showed to be more important 

than their quantities in the diet for weight control and disease prevention (Camacho S, Ruppel A. 2017; 

Srour B et al., 2019).  

Changes in global food system in the last few decades led to an increase in the consumption of ultra-

processed foods worldwide. This category of foods are formulations of many ingredients and several of 

exclusive industrial use. Physical and chemical processes are applied to foods including salting, sugaring, 

baking, frying, deep frying, curing, smoking, pickling, canning, and frequently the use of preservatives and 

cosmetic additives, and sophisticated types of packaging. These foods are thought to be microbiologically 

safe, increasing products shelf life; convenient, by reducing costs; and highly palatable, creating energy-

dense and nutritionally imbalanced foods (Srour B et al., 2019; Nardocci M et al., 2019; Monteiro CA et 

al., 2010). 

Chronic consumption of processed and ultraprocessed foods leads to a nutritionally poor diet, 

deficient in fibre, protein, vitamins, and minerals, and is highly associated with the development of 

overweight, obesity, metabolic syndrome and functional gastrointestinal disorders. A weight loss strategy 

by reducing the calorie intake, usually results in a short phase of rapid weight loss, however the patient can 

be vulnerable to malnutrition (Camacho S, Ruppel A. 2017; Monteiro CA et a., 2019; Juul F et al., 2018; 

Harrison S et al., 2020).  
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Despite the high prevalence and cost of obesity, it is a preventable and treatable disease. Several 

methods can be explored to reduce body weight, however, for a healthy weight loss process, it is important 

to direct the individual to a balanced diet, with control of quantity, correct proportions of macronutrients, 

variety and combinations of different foods and nutrients, adopting a balanced diet including fruits, 

vegetables, and whole grains. Also, a healthier diet includes the decreased intakes of saturated fatty acids 

and increased consumption of monosaturated and polyunsaturated fatty acids (Balani R et al., 2019, de 

Carvalho CM et al., 2015). 

In this context, the aim of the study was to analyse the diet quality according to the food production 

process considering the different obesity degree by body mass index in a women sample. 

 

2 METHODS 

Population 

The present study was an observational, cross-sectional study, approved by the Ethics and Research 

Committee of the Federal University of São Paulo (CEP nº 1277/2020; CAAE nº 20787319.4.0000.5505). 

All participants signed an informed consent form. 

One hundred and sixty women with obesity, classified according to the WHO were recruited from 

ads served in the media (newspapers, magazines, radio, television, and Instagram®). To be recruited, these 

women should have ages between 20 and 45 years old, with Body Mass Index (BMI) ≥30 kg/m². They 

could not present diseases that could interfere the weight loss therapy, such as, heart disease, 

musculoskeletal deformities, diseases related to the immune system, genetic, metabolic, or endocrine 

diseases, identified by the physician. At the end of the process, we had a dropout of 21 volunteers who did 

not correctly fill in the data in the questionnaire, totaling 139 women.  

 

Anthropometric measures and body composition 

The body mass was measured using light clothes and barefoot on a Filizola® (Brazil, São Paulo). 

Mechanical anthropometric scale, with a maximum capacity of 150kg and a sensitivity of 100g. Moreover, 

height was measured with a Sanny® brand stadiometer (Brazil, São Paulo) with a precision scale of 0.1 

cm. Subsequently, the body mass index (BMI) was calculated. 

Neck, waist, abdominal and hip circumferences were measured with a flexible and inelastic tape. 

Body composition, including measure of fat mass (% and kg) and free fat mass (kg) were measured by Bio-

impedance meter (BIA) provided by the device BIODYNAMICS 310e (TBW®) (EUA, Shoreline). 

 

Nutritional analysis 

The volunteers had to respond the three-day food record, which has free spaces  to complete the 

date, mealtimes, and details of food consumption, so we could analyze and understand their habits and food 
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preferences. The responses of three-day food record were transferred to a computer and analyzed by a 

nutritionist using the program Diet Smart (Diet Smart Copyright ©, 2012-2018). Macronutrients including 

carbohydrate, protein, lipids and fibers were reported and calculated. Thereafter, foods were divided by 

groups as proposed by NOVA, distinguishing by the extent and purpose of processing used in food 

production (chart 1). The frequency of consumption of each NOVA food group (1, 2, and 3) was calculated 

summing the amount (g/day) of each food item within the group. Finally, the consumption of each group 

was expressed as a percentage of total dietary intake (in g/day) (daily intake of each group in grams/total 

daily food intake in grams *100).  

 

Chart 1: Classification by NOVA. (BRASIL, 2014; MONTEIRO et al., 2018). 

(1) in natura or minimally processed: comprises the edible parts of plants, animals or fungi that have not 

undergone any processing or only minor modifications necessary for storage and/or consumption, such 

as husking, grain separation, pasteurization, freezing and refrigeration. Examples: leaves, fruits, meats, 

eggs, grains, milk; Processed culinary ingredients: they are extracted from the first group (example: oils, 

fats, sugars) or from nature (example: salt) to season and cook food. 

(2) processed foods: are food products that derive from the addition of culinary ingredients (group 2) to 

foods of the first group. Examples: canned vegetables, fruit in syrup, cheeses. 

(3) ultra-processed foods: industrial formulations composed of five or more ingredients, including food 

additives, preservatives, and emulsifiers, which undergo several stages of industrial processes and/or 

processing techniques. Examples: soft drinks, stuffed cookies, instant noodles. 

 

Statistical analysis 

Statistical analyses were performed using SPSS 21.0 software (SPSS Inc., Chicago, Illinois, USA). 

A generalized linear model (GzLM) using appropriate distribution (Gama or Linear) determined by Akaike 

information criterion (AIC) was used to determine the differences between groups. Sidak post hoc was 

applied to pairwise comparisons. Statistical significance was considered when p≤ 0.05. The subjects were 

grouped considering the body mass index groups: class I obesity group (BMI of 30 to < 35 kg/m²) n= 83 

and class II-III obesity group (BMI of 35 to <40 kg/m²) n= 56. 

 

Figure 1: Methodological design 
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3 RESULTS 

Table 1 presents the anthropometry measures and body composition according to BMI 

classification. The BMI of class II-III obesity group showed higher values of body mass (kg), BMI (kg/m²), 

neck, waist, abdominal and hip circumferences (cm), and body fat mass (%) compared to BMI of class I 

obesity group. For free fat mass (kg) no difference was observed.   

Table 2 shows the analysis of calories and macronutrients from different food groups: in (g) of the 

total calorie of the day and in (%) separated by the classification based on NOVA, being: in natura, 

processed and ultra-processed, demonstrating differences between groups in carboydrates (%), lipides (%) 

and monounsaturated fat (%) from ultra-processed foods - the group with the highest BMI showed the 

highest consumption of these nutrients. Considering monounsaturated fat (MUFA) (%) from in nature foods 

- the group with the highest BMI showed the lowest consumption of these nutrients. Interestingly, there 

was no significant difference in calories between groups. 

Positive association between carbohydrates (originated from ultra-processed foods) and waist 

circumference was observed (Table 3). 

 

4 DISCUSSION 

This cross-sectional study aimed to investigate the impact of quality of diet according BMI degrees 

in a sample of women with obesity. The major findings in the present investigation were that for the clinical 

treatment of obesity, calories should not be considered alone, but it is important to investigate the origin of 

each macronutrient in the individual's diet. 

Our investigate showed that although the calories intake was similar between the class I obesity 

group (BMI of 30 to < 35 kg/m²) and class II-III obesity group (BMI ≥ 35 kg/m²), there were an increase 

in macronutrients from ultra-processed foods relating to the highest values of anthropometric 

measurements. Therefore, the participation of the food industry and changes in obesogenic marketing that 

promotes foods with high content of sugar and fats to reverse the obesity epidemic by modulating human 

behavior seems to be crucial, once different classes of food influence differently the energy balance and the 

effect of disbalanced foods impacts on people’s health and body weight (Camacho S, Ruppel A. 2017).  

Although the main cause of obesity development is having more energy stored than expended, there 

are several mechanisms and factors that lead to obesity. Corroborating the results of this study, Lin X, Li 

H, 2021, found that the food sources and quality of nutrients is more valuable than the amount of calories 

intake in the diet for body weight control and prevention of obesity and related comorbidities. In a 13-year 

follow-up study on 3,000 young, those who consumed much more fast-food were found to weigh an average 

of ~6kg more and have larger waist circumferences than those with the lowest fast-food-intake. The same 

condition was found in the results of our study, which also showed that the group with the highest 

consumption of ultra-processed foods had larger neck, waist, abdomen, and hip circumferences.  
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It is increasingly known that regional adiposity rather than overall obesity is linked to adverse health 

outcomes. In particular, excess of visceral fat has been considered as the culprit contributing to the 

development of metabolic syndrome, providing insight into mechanisms that bridge the link between ultra-

processed foods and chronic diseases. We found that higher carbohydrates percentage from ultra-processed 

foods consumption was associated with greater waist adiposity accumulation (class II-III obesity group). 

In general, this can be explained by some features of industrial processing, such as increase of energy 

density by adding sugar and use of additives amplifying sensory properties, that might lead to an increased 

eating rate and delayed satiety signaling (Konieczna J et al., 2021).   

Monounsaturated fat (MUFA) found in plant and animal sources, present several health benefits, 

including the prevention of metabolic syndrome and its complications (Sheashea M et al., 2021). As our 

study shows that MUFA (%) from in nature foods was lower in group with the highest BMI, it is strongly 

suggested that dietary intervention adding MUFA can lead to anti-inflammatory effects and can decrease 

chronic inflammation ameliorating the general metabolic profile (Ravaut G et al., 2020).  

The high refined carbohydrate, fat, sugar and salt content of this group of foods may produce 

changes in gut-brain signaling, leading to addictive-like eating behaviors and over consumption. 

Furthermore, the nutritional quality decreases with processing grade, that’s why ultra-processed foods have 

a poor nutritional profile, contributing with personal, population, and planetary health problems (Small 

DM, et al., 2019; Hall KD et al., 2019; Lawrence M. 2021). 

The excess of consumption of fat is associated with dyslipidemia and cardiovascular diseases, such 

as atherosclerosis, which are the main cause of mortality in the world’s population. Ultra-processed foods 

are rich in saturated and trans fats, which make food more attractive and palatable. Corroborating this 

statement, a study carried out by Santana GJ et al., 2020, confirms the relationship between high 

consumption of foods rich in trans and saturated fats, and increased cardiometabolic risk in a population of 

Brazilian young adults. Food additives within ultra-processed foods, were demonstrated to promote 

inflammation, liver dysfunction and metabolic syndrome, that arises from changes in the microbiome 

(Santana GJ, et al., 2020). 

In this sense, interventions aiming health promotion, nutrition education, limiting consumption of 

ultra-processed foods, decreasing the consumption of sugar-sweetened beverage and foods rich in saturated 

fats, stimulating for healthy living, may be an effective strategy for obesity prevention and treatment having 

a strong impact on reducing the obesity epidemic. The consumption of in natura or minimally processed 

foods, including fruits and vegetables plays a prominent role in cardiometabolic protective effects and 

prevent of metabolic syndrome (Downer S, et a., 2020).  

According to the dietary guidelines of healthy eating for the population, must be considerate the 

cultural and social food patterns of each state, city and country (Guia Alimentar para a População Brasileira, 

2014). In this way, an alternative or a complementary strategy to improve the national diet is to target 
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processed foods for reformulation. This is supported by the World Health Organization (WHO) and The 

Food and Agriculture Organization (FAO) and represents a driving policy in many countries (Cediel, G. et 

al., 2021).  

Despite the limitations present in a cross-sectional study by analysing data in a single moment, it 

was possible to observe results with a good prognosis for the clinical treatment of obesity aiming a healthy 

weight loss. As major finding, it was observed that higher BMI are related to higher consumption of 

nutrients from ultra-processed foods, however, with no significant difference in the amount of total calories 

per day. This result demonstrates that using a nutritional strategy for the weight loss process preserving 

nutritional quality is more important than counting calories. 

 

5 CONCLUSION 

Evidence suggests that ultra-processed foods may be associated with greater accumulation of body 

fat, increasing risks for the development of obesity and related diseases such as metabolic syndrome. 

Corroborating this, the present investigation shows that highest consumption of ultra-processed foods was 

observed among individuals with higher BMI and percentage of fat mass. Obesity being one of the main 

public health problems, this investigation can stimulate public health programs to reinforce guidelines 

regarding the type of food procedure, giving priority to taking care of the population's health by improving 

nutritional quality and preventing, and treating obesity in a multidisciplinary way. 
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Table 1. Anthropometric and body composition parameters 

variáveis 

BMI I  

(n= 83) 

BMI II-III 

(n= 56) Wald df p 

body weight (kg) 87.74 ± 7.55 104.96 ± 13.67 93.184 1 <0.01 

BMI (kg/m²) 32.57 ± 1.38 39.3 ± 3.52 250.712 1 <0.01 

neck circumference (cm) 35.68 ± 1.8 39.03 ± 5.02 41.826 1 <0.01 

abdominal circumference (cm) 106.08 ± 6.99 119.18 ± 11.15 73.552 1 <0.01 

waist circumference (cm) 92.93 ± 6.44 104.65 ± 9.34 77.536 1 <0.01 

hip circumference (cm) 118.44 ± 5.17 128.58 ± 8.66 76.479 1 <0.01 

fat mass (%) 38.49 ± 2.65 41.51 ± 3.77 31.119 1 <0.01 

fat free mass (kg) 60.48 ± 5.67 62.14 ± 6.94 2.441 1 0.11 

BMI: body mass index; df: degree of freedom 

Generalized linear model (GzLM) post hoc Sidak. Statistical significance p≤ 0.05 

 

Table 2. Dietary evaluation. 

variáveis 

BMI  I 

(n= 83) 

BMI II-III 

 (n= 56) Wald df p 

Total energy (kcal) 1699.02 ± 566.08 1674.59 ± 464.93 0.073 1 0.80 

Carbohydrate (g) 203.94 ± 79.68 208.52 ± 68.68 0.113 1 0.74 

Carbohydrate (% kcal) 11.99 ± 2.62 12.38 ± 1.36 1.113 1 0.29 

Carbohydrate (% kcal in nature) 152.54 ± 966.54 53.88 ± 56.52 0.589 1 0.44 

Carbohydrate (% kcal processed) 69.49 ± 67.91 76.43 ± 197.21 0.89 1 0.77 

Carbohydrate (% kcal ultra-processed) 40.73 ± 29.57 76.71 ± 148.44 4.685 1 0.03 

Protein (g) 80.84 ± 24.23 80.24 ± 25.54 0.019 1 0.89 

Protein (% kcal) 4.98 ± 1.46 4.91 ± 1.22 0.101 1 0.75 

Protein (% kcal in nature) 41.53 ± 219.54 18.78 ± 15.39 0.607 1 0.44 

Protein (% kcal processed) 29.22 ± 30.24 32.98 ± 98.77 0.107 1 0.74 

Protein (% kcal ultra-processed) 18.69 ± 17.24 32.99 ± 65.76 3.623 1 0.06 

Lipids (g) 63.64 ± 28.1 58.32 ± 19.47 1.555 1 0.21 

Lipids (% kcal) 3.68 ± 0.79 3.45 ± 0.57 3.599 1 0.058 

Lipids (% kcal in nature) 39.77 ± 230.42 15.62 ± 17.23 0.62 1 0.43 

Lipids (% kcal processed) 21.68 ± 23.73 24.18 ± 74.97 0.082 1 0.78 

Lipids (% kcal ultra-processed) 12.46 ± 8.98 18.28 ± 25.12 3.813 1 0.051 

Saturated fat (g) 20.51 ± 10.11 18.31 ± 7.25 2.01 1 0.16 

Saturated fat (% kcal) 1.18 ± 0.35 1.09 ± 0.37 2.32 1 0.13 

Saturated fat (% kcal in nature) 10.09 ± 50.4 4.77 ± 5.05 0.627 1 0.43 

Saturated fat (% kcal processed) 7.22 ± 9.13 7.7 ± 23.82 0.028 1 0.88 

Saturated fat (% kcal ultra-processed) 4.09 ± 3.43 5.81 ± 7.31 3.509 1 0.06 

Monounsaturated fat (g) 16.38 ± 8.99 14.65 ± 5.41 1.908 1 0.17 

Monounsaturated fat (% kcal) 0.95 ± 0.34 0.88 ± 0.27 1.619 1 0.20 

Monounsaturated fat (% kcal in nature) 6.59 ± 26.75 3.71 ± 3.45 0.64 1 0.001 

Monounsaturated fat (% kcal processed) 5.65 ± 6.22 7.26 ± 27.56 0.266 1 0.61 

Monounsaturated fat (% kcal ultra-processed) 3.38 ± 2.8 5.06 ± 7.21 3.79 1 0.052 

Polyunsaturated fat (g) 10.7 ± 9.53 9.37 ± 4.73 1.735 1 0.19 

Polyunsaturated fat (% kcal) 0.6 ± 0.38 0.55 ± 0.2 1.272 1 0.26 

Polyunsaturated fat (% kcal in nature) 9.35 ± 62.96 2.66 ± 4.12 0.639 1 0.42 

Polyunsaturated fat (% kcal processed) 3.51 ± 3.88 3.44 ± 9.15 0.004 1 0.95 

Polyunsaturated fat (% kcal ultra-processed) 2.01 ± 1.73 3.3 ± 6.49 3.028 1 0.08 
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Fibers (g) 14.39 ± 6.52 16.56 ± 9.32 2.653 1 0.10 

Fibers (% kcal) 0.88 ± 0.38 1.003 ± 0.51 2.291 1 0.13 

total in nature (kcal) 568.22 ± 290.4 556.54 ± 316.41 0.051 1 0.82 

total processed (kcal) 449.35 ± 338.32 453.91 ± 264.56 0.007 1 0.93 

total ultra-processed (kcal) 664.32 ± 411.72 608.19 ± 442.99 0.593 1 0.44 

df: degree of freedom 

Generalized linear model (GzLM) post hoc Sidak. Statistical significance p≤ 0.05 

 
Table 3. Association among waist circumference and macronutrients originated from ultra-processed foods 

 β value Wald Exp(B) (95% CI) p 

Carbohydrate (% kcal ultra-processed) 0.001 4.022 1.001 (1.000 - 1.001) 0.04 
Protein (% kcal ultra-processed) -0.001 2.219 0.999 (0.997 - 1.000) 0.13 
Lipids (% kcal ultra-processed) -0.001 0.128 0.999 (0.996 - 1.002) 0.72 

dependent variable: waist circumference 
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