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The food patterns of a multicenter 
cohort of Brazilian nulliparous 
pregnant women
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Assessment of human nutrition is a complex process, in pregnant women identify dietary patterns 
through mean nutrient consumption can be an opportunity to better educate women on how to 
improve their overall health through better eating. This exploratory study aimed to identify a 
posteriori dietary patterns in a cohort of nulliparous pregnant women. The principal component 
analysis (PCA) technique was performed, with Varimax orthogonal rotation of data extracted from 
the 24-h dietary recall, applied at 20 weeks of gestation. We analysed 1.145 dietary recalls, identifying 
five main components that explained 81% of the dietary pattern of the sample. Dietary patterns found 
were: Obesogenic, represented by ultra-processed foods, processed foods, and food groups rich in 
carbohydrates, fats and sugars; Traditional, most influenced by natural, minimally processed foods, 
groups of animal proteins and beans; Intermediate was similar to the obesogenic, although there 
were lower loads; Vegetarian, which was the only good representation of fruits, vegetables and dairy 
products; and Protein, which best represented the groups of proteins (animal and vegetable). The 
obesogenic and intermediate patterns represented over 37% of the variation in food consumption 
highlighting the opportunity to improve maternal health especially for women at first mothering.

The gestational process involves a diversity of adaptations to enable mother and child to complete the entire 
development cycle until birth. Maternal nutrition plays a determining role in this process. Despite its complexity, 
maternal nutrition is the factor that can be  modified1.

The science of nutrition has attributed the health-food relationship to an isolated nutrient, failing to consider 
that this reductionist approach is often unable to observe that the synergistic strength between food and nutrients 
has a greater influence on human  health2. The discovery that food combination is better for health outcomes 
than any isolated nutrient, caused a reflection on the synergistic power between food compositions of the diet 
in this process. For this investigation, it is necessary to consider a hierarchical structure in nutritional analysis, 
initiating the exploration from the largest components (diets) to the smallest (nutrient) component. This method 
constitutes the “top-down” approach, which is capable of providing initial clues to further investigate  nutrition3.

Diet is determined by a food group that is predominant in daily consumption and this food group forms the 
dietary patterns. Patterns may be guided by a method of hypothesis, named “a priori”, or by exploratory statistical 
methods using machine learning, named “a posteriori”. Dietary analyses based on the use of predefined models 
(a priori) are not able to assess the interrelationships between food, reducing the original information into a 
smaller set of food groups, with a minimal loss of information. As a result, adequacies to patterns considered 
“healthy or unhealthy” are measured, which do not reflect diet diversity in general which include multiple com-
binations of food  intake4. Thus, when a single nutritional component is unable to reflect the health of a study 
group, the application of dietary patterns may provide us with relevant information about the diet, since it takes 
into account the high level of underlying inter-correlations5. From this perspective, with machine learning, it is 
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possible to explore large volumes of data and identify profiles in the lack of a prelabelled  response6. This study 
aimed to identify dietary patterns of Brazilian nulliparous pregnant women at mid-gestation, addressing the 
original food groups, and identify which food combinations best represents the characteristic of the choices for 
food consumption in this population.

Results
In the 1.145 women that responded to the food recall (Fig. 1), the highest proportion of adequate BMI category 
was found in 40% (mean of 23.9 kg/m2), followed by overweight in 26% (28.3 kg/m2) and equal proportions of 
obese (35.4 kg/m2) and low weight (20.0 kg/m2) in 17% of the sample (Table 1).

Table 2 shows the descriptive analysis of food groups selected according to the degree of food industrializa-
tion and calorie percentage, food groups with similar nutritional characteristics and the approximate percentage 
according to the mean value considered adequate for consumption.

After dimensioning the original variables using the Principal Component Analysis (PCA) technique, five 
principal components were extracted (eigenvalue =  ≥ 1.03) using the Kaiser rule, which indicates that an eigen-
value of 1.0 or greater can measure the variance in all variables. Together, these five components were able to 
explain 81% of the variation in food consumption.

The PCA result maximized the higher loads of variables that had the most significant influence on food con-
sumption and decreased variables that had less influence on consumption. To assess interrelationships between 
variables and the five dimensions selected, rotations were made on the perceptual map, using the first component 
(Dim 1) as the baseline responsible for the greater variation in food consumption (21.7%) (Fig. 2). The size of 
the variable is displayed on a colour scale, with the higher loads represented by red and purple, and lower loads 
represented by blue and green vectors. The direction of the variable vectors indicates correlations between vectors 
and how diets are dimensioned. The angles between the vectors indicate inter-correlations between variables. 
The proximity between the two vectors may suggest that foods are consumed together. Factor loadings close to 
− 1 or 1 indicate that the variable has a strong influence on the component. Factor loadings close to 0 indicates 
that the variable has a weak influence on the component. The smaller angles show a dependence on consump-
tion. In contrast, the distance observed in the map suggests greater independence, therefore we can infer that the 
proximity of UMPF, Beans, Meat vectors suggest a greater dependence between them, suggesting that they are 
consumed together (Dim2). Similarly, Dim1, UPF and FS groups and Grains and PF suggest a dependence on 
consumption (Fig. 2a). Concerning vector size represented by colours, the three principal dimensions (explain-
ing 57.2% of consumption) showed the groups of Fruit/Vegetables (FV) and dairy products. It also showed that 
the FV group had a low correlation and size.

Figure 2b shows the representation of dispersion between the first and third dimensions, with a similar size 
for vectors PF, Grains and UPF, where both groups suggest a dependent consumption in both dimensions that 
total 37.2% of consumption. Figure 2c (Dim 1 and 4) explains 34% of variations and is the only configuration 
in the map where vector FV has greater participation in the diet and also indicates a shorter distance from the 

Figure 1.  Flowchart of the sample (produced by MJ Miele).
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Dairy group, indicating dependence on consumption. Finally, in Fig. 2d with 33% of the variance, Beans are 
highlighted among the remaining groups followed by Grains.

Figure 3 shows the proportions and interrelationships between each dimensional loading. Variations caused 
by dimensioning define the principal component combinations of the maternal diet. Considering the 5 dietary 
patterns (Kaiser criteria) that best represented sample variability, the diets extracted were identified according 
to loading characteristics and relabeled according to food group combinations: “Obesogenic”, “Traditional”, 
“Intermediate”, “Vegetarian” and “Protein” (Table 3).

Discussion
In our study, it was observed a low frequency in the consumption of dairy and high consumption of UPF among 
Brazilian nulliparous women at mid-pregnancy. Results comparing data of the Brazilian National Survey of 
2002/2003 to 2018/2019, revealed a decrease of dairy intake of up to 42% and an increase of ultra-processed 
food, representing 18.4% consumed at home  eating7. Also, consumption of FS and Beans was higher than recom-
mended adequate levels. The use of PCA uncovered 5 dietary patterns that explained 81% of food consumption 
variation amongst nulliparous women in Brazil. There are two components thought to have a bad influence on 

Table 1.  Sample distribution according to sociodemographic and anthropometric characteristics. BMI Body 
Mass Index measured at study entry and last visit before childbirth (Atalah, 1997).

Maternal features N %

Country region

Northeast 556 49

South and Southeast 589 51

Income (per year)

 < 6,000 (U$) 47 4.1

6,000–12,000 (U$) 248 21.6

 > 12,000–24,000 (U$) 375 32.7

 > 24,000 (U$) 475 41.4

Occupation

Paid work 579 50.5

Housewife 208 18.1

Not working* 358 31.2

Marital Status

With partner 828 72.3

Without partner 317 27.6

Maternal Color/ethnica

White 442 39.0

Black 114 10.1

Brown 569 50.2

Other 8 0.7

Maternal age (year)

 < 20 284 24.8

20–34 779 68.0

 > 34 82 7.1

Education (year)

 < 9 169 14.7

9–12 641 55.9

 > 12 335 29.2

BMI (study entry)

Low weight 196 17

Adequate 449 40

Overweight 294 26

Obese 193 17

BMI (before childbirth)

Low weight 94 13

Adequate 268 36

Overweight 213 28

Obese 196 26
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health (obesogenic and intermediate diet) which represented 37.2% of the variation, suggesting there is potential 
to improve women’s food choices.

Our results were not different than those from other studies about the UPF levels intake in Brazil, but con-
siderably lower than in the USA. In a study of an American adult population, the high consumption of ultra-
processed foods accounted for 58% of calories ingested. Of these, 89% were composed of sugar and candies, 
which lead to weight gain, especially in  women8. Whereas, in a sample of 8977 Brazilian adults, the consumption 
of UPF has a positive association with the increases in BMI. The mean observed was 22.7% of the total energy 

Table 2.  Profile distribution of food group consumption Interquartile range (IQR). UMPF Unprocessed and 
minimally processed food, PF processed food, UPF ultra-processed food, Grains foods rich in carbohydrates 
such as rice, pasta, bread, crackers, corn, potato and other tubers, Fruits/vegetables fruits, leaves and vegetables, 
Dairy cheese, milk and yoghurts, Meat/eggs animal-based protein including eggs and chicken, cow and pork 
meat, Beans foods rich in vegetable protein such as beans, soy and peas, Fats/sweet sugars, sweets, desserts 
and candies, oils, pork lard, butter and margarine. Servings considered adequate for each food group were: 
grains = 6, beans = 1, fruits and vegetables = 5, Meat/eggs = 2, Dairy = 4, Fat and Sweets (FS) = 2.

Calories (kcal) Median (IIQ) Total (%)

UMPF 1112.8 (748.2) 51.93

PF 590.1 (646.9) 27.54

UPF 439.9 (639.3) 20.53

Serving (unit) Adequacy (%)

Grains 5.6 (4.3) 93.6

Fruit/vegetables 5.3 (6.6) 106.4

Dairy 1.5 (1.6) 37.5

Meat/eggs 2.7 (2.4) 133.0

Beans 3.0 (3.4) 302.0

Fat/sweets 4.5 (3.3) 226.5
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Figure 2.  Perceptual map of interrelationships and correlations between dimensions of dietary patterns. Image 
obtained from the R software. UMPF Unprocessed and minimally processed food, PF processed food, UPF 
ultra-processed food, FV fruits and vegetables, Meat meat and eggs, FS fats and sweet.
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of  UPF9. The data from high and middle-income countries, revelated UPF products leads the food system from 
retailing to food services. In Brazil, the rise of UPF consumption had increased sharply, jumped from 18.7% in 
1987 to 26.1% in  200310. A study with Brazilian pregnant women revealed a quarter of the total energy intake 
was provided from UPF, corresponding to 19.3% of total energy intake between the first and second  trimester11. 
Although there is no determination about the adequate amount of UPF consumption, there is a consensus about 
as lower as possible to prevent unhealthy  consequences12,13.

Nevertheless, changes in dietary patterns have revealed the consumption of unhealthy items throughout the 
world, indicating a generally worse quality of the human  diet14. A study evaluating a diet “a posteriori” in a group 
of 63,808 Norwegian pregnant women obtained as the result of the principal component a diet rich in vegetables, 
fruits and whole cereals and low consumption of processed meat and  sugar15. The use of specific exploratory 
techniques to identify dietary patterns a posteriori in pregnant women is still rare.

In our study, we observed a substantial increase in BMI for the groups of women classified as obese and 
overweight. In addition, we highlight the importance and originality of our study regarding the gestation period 
evaluated and the characteristics of the sample formed by nulliparous pregnant women.

This is a daunting prospect since this is a particular group of nulliparous pregnant women that may have 
another pregnancy. Post gestational weight retention in obese or overweight women increases the risks for dia-
betes during a second pregnancy, while weight loss reduces this  risk16. On the other hand, nutritional counselling 
on dietary patterns can reduce excess weight during pregnancy, as well as post gestational weight retention and 
adverse outcomes for the mother and  offspring17. Two other previous studies performed with the same sample 
of pregnant women showed a positive association between obese/overweight women and the development of 
pregnancy-related diseases such as gestational diabetes. Obese women who had more weight gain had a higher 
incidence of preterm  delivery18,19.
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Figure 3.  Food groups best represented in correlations of each of the five dimensions of dietary patterns. The 
image shows the representation of the variables loads for each component on gradual colours white to dark blue 
(between 0 and 0.78% on the scale). Image obtained from the R software. UMPF Unprocessed and minimally 
processed food, PF processed food, UPF ultra-processed food, FV fruits and vegetables, Meat meat and eggs, FS 
fats and sweet.
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On the other hand, the greater intake of UMPF, Fruit and Vegetables is to be considered. The benefit of diets 
rich in dairy products, fruits and vegetables resulted in greater benefits, substantially reducing pro-inflammatory 
biomarkers, hypertensive events, dyslipidaemias and better blood glucose control, decreasing insulin resist-
ance, in addition to better weight  control20. Our results have shown that patterns except for the “Vegetarian” 
diet explained by 12.3%, the lack of consumption of dairy foods, fruits and vegetables was frequently absent in 
the three pattern diets which together have explained > 57% of dietary identified. These findings also reinforce 
the need to observe dietary habits in pregnant women and the opportunity to improve health by promoting 
adequate counselling. The results showed the variability of foods that were consumed together and pointed to 
a trend in eating behaviour. The food group restriction as vegetables and fruits and replacement of homemade 
meal consumption by the incorporation of industrialized meals, with amounts of sugar and trans-fat, reinforce 
our hypothesis that dietary patterns should be investigated to gain knowledge and understanding of the  diet5,21. 
A reflection about food synergism exposes the complexity of human eating habits. There is no such thing as a 
“perfect model” or a “static” diet without changes in real-life models and therefore new eating habits. A careful 
and constant evaluation is  recommended22.

This study did not aim to present a definitive response to Brazilian dietary patterns during pregnancy, owing to 
its exploratory nature. Nevertheless, the daily eating reality of these women was outlined in the profile description 
found in the study. There is no perfect dietary pattern. All components identified in our analysis are needed in 
different quantities for a balanced diet. The binary assessment of a person overall diet as ‘healthy’ or ‘unhealthy’ 
does not account for complexities such as having increased consumption of both, a component that has a good 
influence on the health but also a component that has bad  influence23. Furthermore, using adequacy scores for 
calories or nutrients is useful for evaluation, although it is important to observe numerous biochemical interac-
tions triggered by food in the human body. A broader analysis of this topic is  required24.

Individuals choose food, not nutrients. Food choice is based on affective memory, specific flavours of regional 
cuisine, emotions from different stages of human life, and the “practicality” of a ready-made meal. All these 
compositions suffer constant changes in diets and habits. Industrialized food has become a more frequent meal 
option  worldwide25. Although we had over one thousand diet recalls, we also have a limitation of just one ques-
tionnaire per woman. However, this was an exploratory study, which found a combination of foods that can 
develop or aggravate pregnancy-related conditions. Moreover, these dietary patterns are from the 2nd trimester 
when the women no longer suffer important influences from the pregnant state as nausea events. In addition, 
theoretically, with this early identification of inappropriate dietary patterns in mid pregnancy among overweight/
obese women, possibly interventions to modify this could have been introduced, what would make a single recall 
insufficient to detect such changes. This could also be considered a bias of tool assessment, however the propor-
tion of pregnant women followed in the cohort that were considered as overweight/obese only increased along 
gestation, suggesting no effective interventions were in fact implemented. Concurrent, we still have half of the 
pregnancy ahead, one reasonable time to offer information and encourage changes in habits. The differential of 
this study was that it evaluated a sample with culinary diversity from different country regions, to observe and 
describe which compositions were formed, differentiating food characteristics and degree of industrialization.

This study confirms previous inadequacies in maternal food consumption in Brazil. In addition, it describes 
the variability in dietary patterns of this sample. Variation in components of eating patterns can be seen as 
an opportunity to influence eating behaviour and should be considered when developing eating educational 
programs. Lifelong physical activity and dietary education before women become pregnant could contribute to 

Table 3.  Factor loadings of food groups in the principal dietary components obtained using PCA. PCA 
principal component analysis. Result of the extraction of principal components, relabeled according to the 
characteristics of dietary patterns and scores. In boldface, loads ≥ 0.40 (negative and positive), contribute to 
the creation of each component. UMPF Unprocessed and minimally processed food, PF processed food, UPF 
ultra-processed food, Grains foods rich in carbohydrates. Fruit/Vegetables fruits, leaves and vegetables, Dairy 
cheese, milk and yoghurt, Meat/eggs eggs and animal-derived meat, Beans beans, soy and peas, Fats/Sweets fats 
and sugar. Eigenvalue variance represented the percentage of each diet pattern and cumulative represents the 
sum of eigenvalues of dietary explanation.

Groups

Principal component loading

Obesogenic Traditional Intermediate Vegetarian Protein

UMPF 0.247 0.886 0.232 0.120 0.027

PF 0.627 − 0.089 − 0.662 0.066 − 0.123

UPF 0.674 − 0.378 0.509 − 0.062 0.035

Grains 0.703 0.194 − 0.535 − 0.118 − 0.011

Fruits/vegetables 0.012 − 0.023 0.135 0.763 − 0.036

Meat/eggs 0.247 0.652 0.291 0.011 − 0.563

Dairy 0.186 − 0.108 − 0.095 0.681 0.203

Beans 0.143 0.488 0.057 − 0.115 0.805

Fats/sweets 0.658 − 0.388 0.496 − 0.102 0.062

Eigenvalue variance 21.7 20.0 15.5 12.3 11.4

Cumulative eigenvalue 21.7 41.7 57.2 69.5 80.9
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the improvement of overweight and obesity. However, if pregnancy is a short period of time, halfway through 
pregnancy is even shorter. Still, there is time to apply guidelines that can help, through diet, to reduce risks and 
prevent excessive weight gain and dietary disorders.

Methods
Study design and setting. This is an analysis of secondary objectives of a multicentre cohort of nul-
liparous pregnant women from the primary study termed “Preterm-SAMBA—Preterm Screening and Metabo-
lomics in Brazil and Auckland”26. It is a cross-sectional approach nested in a cohort study. The study included 
women between July 2015 and July 2018 in five maternity units from three country regions (Southeast, South 
and Northeast) that provide care as part of the Brazilian public health system. Nulliparous women with a single 
fetus and gestational age between 19 and 21 weeks were invited to participate in the study. Pregnancy was con-
firmed and dated by an early ultrasound scan. Nulliparous women without associated comorbidities, with single 
gestation and gestational age between 19 and 21 weeks were invited to participate in the study with the purpose 
of obtaining a low-risk population of pregnant women not influenced by severe clinical conditions or high par-
ity. Furthermore, the regular use of steroids, aspirin, heparin, calcium supplementation, fish oil, vitamin C, or 
vitamin E, were considered as excluded criteria for this study. Other vitamins as iron and folic acid supplements, 
routines in prenatal care, or polivitamins were not exclusion criteria. The dietary patterns addressing the original 
food groups were evaluated from the food recall questionnaire applied during the first original study visit. The 
flowchart of the sample is presented in Fig. 1.

Dietary assessment. This study was approved by the Institutional Review Boards of the University of 
Campinas and by those of all participating centres (coordinating centre protocol 20182318.8.0000.5404), in 
addition to the Brazilian National Ethics Committee for Research (CONEP).

To explore the dietary profile of women, we used the concept of  Willett27 where the 24 h-food recall was 
applied once during the first visit of the study, between 19 and 21 weeks of gestation, on different days of the week 
(including the analysis of food intake also on weekends) as being sufficient for this purpose. Dietary analysis was 
conducted by a specialized dietitian using the multi-passage  method28. To improve the understanding of serv-
ing sizes and determine the amount of food consumed, an album of images containing photographic records of 
household measures and food sizes were used during the interviews with participating  women29.

To standardize servings, the household measures reported were converted into grams or millilitres. The 
Brazilian consumption manual was the  reference30,31. To ensure that amounts were in accordance with consump-
tion, information on labels of industrialized foods and typical recipes of Brazilian cuisine were extracted and 
reproduced by national Food Tables.

The DietWin-Plus Brazilian software (version 3090, https:// dietw in. zende sk. com/ hc/ pt- br/ categ ories/ 
20018 2303- Dietw in) was used for dietary analysis, allowing the choice to use national and international Food 
 Tables32–34, in addition to the inclusion of recipes and industrialized food labels.

Using the “xlsx”, “tidyverse” and “magrittr” packages of R Software (R version 3.6.3), data of the 1.145 food 
recalls were treated and reorganized into a single document for analysis, resulting in a single list with all crude 
data of consumption in weight, volume and calories. From this list, foods were categorized into groups according 
to nutritional characteristics based on dietary recommendations in the Food Guide for the Brazilian  population35, 
such as (1) foods rich in carbohydrates in general, including potatoes and other tubers, bread, crackers, pasta, 
rice, cereals, corn and cornmeal, composing the “Grain” group; (2) vegetables, leaves and fruits, were grouped 
forming a single group called “Vegetables and Fruits”; (3) cheese, milk and yoghurt formed the “Dairy” group; 
(4) animal-derived proteins such as meat (chicken, bovine and pork) and eggs formed the “Meat and Eggs” 
group”; (5) foods rich in vegetable protein such as beans, soya and peas formed the family of legumes labelled 
the “Beans” group; (6) foods such as sugars, sweets, desserts and candies, oils, butter, pork lard and margarine 
form the “Fat and Sugar” group. Servings were established according to the calorie content of the food group 
(serving/calorie), from the national food consumption tables converted into household  measures30,36. The mean 
servings considered adequate for each food group was based on the Brazilian Food Pyramid  Guide37. Finally, the 
listed foods were also categorized based on the degree of industrial processing, according to the NOVA Food 
 Guide38. In this study, three categories were separated: (1) “unprocessed food or minimally processed food”; (2) 
“processed food”, (3) “ultra-processed food”. Added salt, fat, and sugar corresponding to the NOVA Guidelines 
were incorporated into meal preparation.

The height and weight of the pregnant woman were measured in the first prenatal visit and the Body Mass 
Index (BMI) was calculated, generated by software using the formula weight/height2 (kg/m2). To perform the 
analysis of BMI categories, the Atalah Index according to the week of gestation was used (19–21 weeks)39. 
Analysis of sociodemographic data was obtained through a self-reported questionnaire. Classifications were 
reported according to the responses obtained for annual family income converted into categories correspond-
ing to American dollars: (1) up to 6 thousand; (2) between 6 and 12 thousand; (3) between 12 and 24 thousand; 
(4) Above 24 thousand. Women responded whether they had a paid job outside the house or worked at home 
doing domestic work without remuneration, and how long they attended school: less than 12 years or ≥ 12 years 
of study. Skin colour was categorized as black or other. All evaluations were made by previously trained health-
care professionals and data was inserted in real-time into the electronic platform of the study (MedSciNet AB, 
Sweden, https:// medsc inet. com/).

Statistical analysis. Analysis of sociodemographic data was conducted according to records and the per-
centage representation in whole data (n%). Dietary assessment was made by using the original data, initially to 
check data normality, creating a histogram followed by a normality test (Shapiro–Wilk) to evaluate data distri-

https://dietwin.zendesk.com/hc/pt-br/categories/200182303-Dietwin
https://dietwin.zendesk.com/hc/pt-br/categories/200182303-Dietwin
https://medscinet.com/
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bution in food groups. A descriptive analysis using the median and interquartile range was conducted for the 
initial exploration of food consumption. Then a comparison was made according to the degree of food industri-
alization and total calories and approximation of the number of servings per food group with the mean serving 
recommended (%).

Afterwards, multivariate data analysis was conducted by the Principal Component Analysis (PCA) technique, 
with Varimax orthogonal  rotation40. It is an exploratory analysis technique that identifies new dietary patterns 
using original data. These patterns are named principal components. The original data was used to construct an 
axial system, where the linear relations of covariance and correlation in different dimensions were measured. 
The technique reduces the number of original variables and evaluates food groups that are consumed together. 
Furthermore, the result can explain the variability in food consumption that best reflected the dietary pattern of 
the sample. For this analysis, the original data was initially standardized by transforming calorie measurements 
and food servings in a homogenous scale for analysis through the z-score. To determine the adequate number 
of the principal components, the Kaiser rule was used with a cut-off on the eigenvalues of ≥ 1.0, along with the 
analysis of the proportion of variance explained by the Scree Plot graph (Cattell test)41. To determine the crea-
tion of each principal component that depicts the dietary patterns found, a cut-off value of ≥ 0.40 (positive or 
negative) was adopted for loading scores, as well as to explain the distribution of variables. From an exploratory 
perspective, purely technical criteria may help in making this decision. The result depicted the characteristics of 
principal components that best represented the combined consumption of food groups. These food groups were 
relabelled according to the characteristics of dietary combinations. For data exploration and statistical analysis, 
the ‘‘FactoMineR”, “factoextra”, “cluster” and “corrplot” packages of software R (version 3.6.3)42 were used.

Ethics declarations. All women signed an individual two-way informed consent form before study admis-
sion. The Preterm-SAMBA study was conducted, in compliance with the Declaration of Helsinki (2013), follow-
ing national and international regulations according to the Brazilian Resolution CNS 466/12. It was approved by 
the Institutional Review Boards of all participating centres (coordinating centre protocol 20182318.8.0000.5404), 
in addition to the National Ethics Committee for Research (CONEP). All women included in this study signed 
an individual informed consent term, before admission. This manuscript follows the guidelines of the Strength-
ening the Reporting of Observational Studies in Epidemiology (STROBE)43.
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Received: 15 February 2021; Accepted: 9 July 2021

References
 1. Institute of Medicine and National Research Council. Weight gain during pregnancy: Reexamining the guidelines. Wash. Natl. 

Acad. Press. Natl. Acad. Sci. 1, 2 (2009).
 2. Messina, M. et al. Reductionism and the narrowing nutrition perspective: Time for reevaluation and emphasis on food synergy. 

J. Am. Diet. Assoc. 101, 1416–1419 (2001).
 3. Jacobs, D. R. & Steffen, L. M. Nutrients, foods, and dietary patterns as exposures in research: A framework for food synergy. Am. 

J. Clin. Nutr. 78, 508–521 (2003).
 4. Hoffmann, K., Schulze, M. B., Schienkiewitz, A., Nöthlings, U. & Boeing, H. Application of a new statistical method to derive 

dietary patterns in nutritional epidemiology. Am. J. Epidemiol. 159, 935–944 (2004).
 5. Hu, F. B. Dietary pattern analysis: A new direction in nutritional epidemiology. Curr. Opin. Lipidol. 13, 3–9 (2002).
 6. Bruce, P., Bruce, A. & Gedeck, P. Practical Statistics for Data Scientists: 50+ Essential Concepts Using R and Python. (2020).
 7. Instituto Brasileiro de Geografia e Estatística. Pesquisa de orçamentos familiares 2017–2018: avaliação nutricional da disponibilidade 

domiciliar de alimentos no Brasil/IBGE, Coordenação de Trabalho e Rendimento. Rio de Janeiro, IBGE (2020).
 8. Juul, F., Martinez-Steele, E., Parekh, N., Monteiro, C. A. & Chang, V. W. Ultra-processed food consumption and excess weight 

among US adults. Br. J. Nutr. 120, 90–100 (2018).
 9. Silva, F. M. et al. Consumption of ultra-processed food and obesity: Cross sectional results from the Brazilian Longitudinal Study 

of Adult Health (ELSA-Brasil) cohort (2008–2010). Proc. Int. Astron. Union 21, 2271–2279 (2018).
 10. Monteiro, C. A., Moubarac, J. C., Cannon, G., Ng, S. W. & Popkin, B. Ultra-processed products are becoming dominant in the 

global food system. Obes. Rev. 14, 21–28 (2013).
 11. de Gomes, C. B. et al. Ultra-processed food consumption by pregnant women: The effect of an educational intervention with health 

professionals. Matern. Child Health J. 23, 692–703 (2019).
 12. Ministry of Health of Brazil. Dietary Guidelines for the Brazilian Population. Brasília: Ministry of Health (2014).
 13. Monteiro, C. A., Levy, R. B., Claro, R. M., De Castro, I. R. R. & Cannon, G. Increasing consumption of ultra-processed foods and 

likely impact on human health: Evidence from Brazil. Public Health Nutr. 14, 5–13 (2011).
 14. Imamura, F. et al. Dietary quality among men and women in 187 countries in 1990 and 2010: A systematic assessment. Lancet 

Glob. Health. 3, e132–e142 (2015).
 15. Torjusen, H. et al. Food patterns and dietary quality associated with organic food consumption during pregnancy; Data from a 

large cohort of pregnant women in Norway. BMC Public Health 12, 612 (2012).
 16. Ehrlich, S. F. et al. Change in body mass index between pregnancies and the risk of gestational diabetes in a second pregnancy. 

Obstet. Gynecol. 117, 1323–1330 (2011).
 17. Nicodemus, N. A. Prevention of excessive gestational weight gain and postpartum weight retention. Curr. Obes. Rep. 7, 105–111 

(2018).
 18. Nicolosi, B. F. et al. Incidence and risk factors for hyperglycemia in pregnancy among nulliparous women: A Brazilian multicenter 

cohort study. PLoS ONE 15, e0232664 (2020).
 19. Souza, R. T. et al. Clinical and epidemiological factors associated with spontaneous preterm birth: A multicentre cohort of low 

risk nulliparous women. Sci. Rep. 10, 1–10 (2020).
 20. Mozaffarian, D., Appel, L. J. & Van Horn, L. Components of a cardioprotective diet: New insights. Circulation 123, 2870–2891 

(2011).
 21. Hodge, A. & Bassett, J. What can we learn from dietary pattern analysis?. Public Health Nutr. 19, 191–194 (2016).



9

Vol.:(0123456789)

Scientific Reports |        (2021) 11:15554  | https://doi.org/10.1038/s41598-021-95185-2

www.nature.com/scientificreports/

 22. Jacobs, D. R. & Tapsell, L. C. Food, not nutrients, is the fundamental unit in nutrition. Nutr. Rev. 65, 439–450 (2007).
 23. Waijers, P. M. C. M., Feskens, E. J. M. & Ocké, M. C. A critical review of predefined diet quality scores. Br. J. Nutr. 97, 219–231 

(2007).
 24. Newby, P. K. & Tucker, K. L. Empirically derived eating patterns using factor or cluster analysis: A review. Nutr. Rev. 62, 177–203 

(2004).
 25. Rauber, F. et al. Ultra-processed food consumption and indicators of obesity in the United Kingdom population (2008–2016). 

PLoS One 15, e0232676 (2020).
 26. Cecatti, J. G. et al. Use of metabolomics for the identification and validation of clinical biomarkers for preterm birth: Preterm 

SAMBA. BMC Pregnancy Childbirth 16, 212 (2016).
 27. Willett, W. C. Nutritional Epidemiology (Oxford University Press, 2012).
 28. Fisberg, R. M., Slater, B., Marchioni, D. M. L. & Martini, L. A. Inqueritos Alimentares: Metodos e Bases Cientificos (Manole, 2005).
 29. Brasil. Ministério da Saúde. Instituto Nacional de Alimentação e Nutrição. Secretaria de Programas Especiais. Registro fotográfico 

para inquéritos dietéticos: utensílios e porções. (NEPA-UNICAMP, 1996).
 30. Pinheiro, A. B. V., Lacerda, E. M., Benzecry, E. H., Gomes, M. C. & Costa, V. M. Tabela para avaliação de consumo alimentar em 

medidas caseiras (Atheneu, 2008).
 31. Fisberg, R. F. & Slater, B. Manual de medidas caseiras para calculo de inqueritos alimentares: manual elaborado para auxiliar o 

processamento de inqueritos alimentares (Signus, 2002).
 32. IBGE—Instituto Brasileiro de Geografia e Estatística. Tabela de composição de alimentos. (Estudo Nacional de Despesa Familiar 

(ENDEF), 2011).
 33. Universidade de São Paulo (USP). Food Research Center (FoRC). Tabela Brasileira de Composição de Alimentos (TBCA). Uni-

versidade de São Paulo (USP) (2018). http:// www. fcf. usp. br/ tbca. (Accessed 11 Dec 2018).
 34. United States Department of Agriculture & Agricultural Research Service. USDA Food Composition Databases. United States 

Department of Agriculture (2018). https:// ndb. nal. usda. gov/ ndb/. (Accessed 5 Nov 2018).
 35. da Saúde, M. Guia Alimentar para a População Brasileira Guia Alimentar para a População Brasileira. Ministério da Saúde 2, 6–17 

(2014).
 36. Pinheiro, A., Lacerda, E., Benzecry, E., Gomes, M. & Costa, V. Tabela para avaliação de consumo alimentar em medidas caseiras 

(Atheneu, 2005).
 37. Tucunduva Philippi, S., Romero Latterza, A., Teresa, A., Cruz, R. & Ribeiro, L. C. Pirâmide Alimentar Adaptada: Guia Para Escolha 

Dos Alimentos. Rev. Nutr. Campinas 12, 65–80 (1999).
 38. Monteiro, C. A. et al. NOVA. The star shines bright. World Nutr. 7, 28–38 (2016).
 39. Atalah, E., Castillo, C., Castro, R. & Aldea, A. Proposal of a new standard for the nutritional assessment of pregnant women. Rev. 

Med. Child 125, 1429–1436 (1997).
 40. Jolliffe, I. T. Principal component analysis. In Principal Components in Regression Analysis (ed. Springer) 129–155 (1986). https:// 

doi. org/ 10. 1007/ 978-1- 4757- 1904-8_8.
 41. Kaiser, H. F. The varimax criterion for analytic rotation in factor analysis. Psychometrika 23, 187–200 (1958).
 42. R Core Team. R: A Language and Environment for Statistical Computing. (R Foundation for Statistical Computing, 2020). https://R- 

proje ct. org/.
 43. von Elm, E. et al. The strengthening the reporting of observational studies in epidemiology (STROBE) statement: Guidelines for 

reporting observational studies. Int. J. Surg. 12, 1495–1499 (2014).

Acknowledgements
The Preterm SAMBA study group also included: Maria L. Costa, Mary A. Parpinelli, Rafael B. Galvão, José Paulo 
Guida, Danielly S Santana, Bianca F. Cassettari, Daisy de Lucena, Denise F. Cordeiro, Elias F. Melo Junior, Danilo 
Anacleto, Lucia Pfitscher, Luiza Brust.

Author contributions
M.J.M., R.T.S., J.M., R.C.P., M.C.V. and J.G.C. designed the study; M.J.M., R.T.S., J.M., I.M.C., F.E.F., D.F.L., 
E.A.R., K.G.F. and J.V. conducted data collection; M.J.M., J.G.C. and M.C.V. conducted data analysis. All authors 
had access and participated in the interpretation of results. M.J.M. wrote the first draft of the manuscript, 
reviewed initially by J.G.C. and then by all authors who read, revised and approved the final version submitted 
for publication.

Funding
This study was granted jointly by the Brazilian National Research Council (CNPq) (Award 401636/2013-5) and 
the Bill and Melinda Gates Foundation (Grant OPP1107597). The funders played no role whatsoever in study 
design, writing of the manuscript or in the decision to submit the manuscript for publication.

Competing interests 
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to J.G.C.

Reprints and permissions information is available at www.nature.com/reprints.

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

http://www.fcf.usp.br/tbca
https://ndb.nal.usda.gov/ndb/
https://doi.org/10.1007/978-1-4757-1904-8_8
https://doi.org/10.1007/978-1-4757-1904-8_8
https://R-project.org/
https://R-project.org/
www.nature.com/reprints


10

Vol:.(1234567890)

Scientific Reports |        (2021) 11:15554  | https://doi.org/10.1038/s41598-021-95185-2

www.nature.com/scientificreports/

Open Access  This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

© The Author(s) 2021

http://creativecommons.org/licenses/by/4.0/

	The food patterns of a multicenter cohort of Brazilian nulliparous pregnant women
	Results
	Discussion
	Methods
	Study design and setting. 
	Dietary assessment. 
	Statistical analysis. 
	Ethics declarations. 

	References
	Acknowledgements


