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Objectives: to identify dietary patterns (DP) of postpartum women and to evaluate the effect of food 
insecurity, age, and level of schooling on unhealthy DP. 

Methods: Cohort carried out by non-probabilistic consecutive sampling process in a city in the 
Northeast region in Brazil, between 2017-2018. From the food frequency questionnaires, DP were 
derived by principal component analysis in the 3rd (n=207), 6th (n=195), and 12th month (n=183) 
postpartum. The associations between DP and the independent variables were investigated using mixed 
effects logistic regression model. 

Results: two dietary patterns were identified: predominantly healthy DP (PHDP) and predominantly 
ultra-processed DP (PUPDP). It was found that the higher the age (OR= 0.92; CI95%= 0.85-0.99; 
p=0.031) and the level of schooling (OR= 0.81; CI95%= 0.70-0.93; p=0.003), the lower the chance of 
adherence to PUPDP. Families with some level of food insecurity were more likely to adhere to PUPDP 
(OR= 1.55; CI95%= 1.01-2.37; p=0.044). 

Conclusion: adherence to PUPDP increases with the level of food insecurity. The higher age and 
level of schooling decrease adherence to this DP. These findings provide support for the association 
between food insecurity, age and education with adherence to PUPDP, suggesting the need for effective 
measures to ensure food security, particularly for vulnerable populations.
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Introduction

An inadequate dietary intake predisposes to a greater 
risk of developing nutritional disorders, including 
micronutrient deficiencies, among other forms of 
malnutrition, especially among the most vulnerable 
population groups, such as women of reproductive age.1

The dietary guide for the Brazilian population 
recommends limiting the consumption of processed food 
and avoiding ultra-processed food, as a general rule.2 
This recommendation should apply even more strongly 
to women during pregnancy and the postpartum period.2,3 
At this stage of the life cycle it is essential for women to 
receive nutritional guidance for a healthy and adequate 
diet, considering that healthy behaviors are fundamental 
to women and children’s health.1,3

However,  transformations in the global food 
system have led to changes in the dietary patterns (DP) 
of the Brazilian and global populations, including an 
increasing consumption of ultra-processed food and 
drinks.4 Women tend to have healthier eating behaviors 
during pregnancy.5 However, the quality of diet tends 
to decrease after giving birth, with an increase in the 
consumption of processed food and a reduction in the 
consumption of fruit and vegetables, especially in the 
first six months after giving birth.5,6 Over the years, 
however, we have seen that the dietary intake of pregnant 
women, women who have recently given birth and 
puerperal  women has consisted of DPs dominated by 
ultra-processed food.7,8

Women’s food consumption is influenced by 
several factors. According to the study, women with a 
lower level of schooling are more likely to adhere to 
less healthy DP, including ultra-processed food, while 
women with more years of schooling tend to adhere to 
healthier DPs.9 Age is considered one of the factors that 
most determine adherence to DP.10 In general, age can act 
as a protective factor for healthy eating, as studies show 
a trend towards lower consumption of ultra-processed 
food as you get older.10,11

The relation between food insecurity and the 
consumption of ultra-processed food has been the subject 
of interest in the scientific literature.12 Studies indicate 
that food insecurity is associated with unhealthy DP 
adherence, particularly in economically more vulnerable 
populations.12,13

Food insecurity poses barriers to the adoption of 
a healthy diet, as it makes it difficult to access these 
food (physically/financially), favoring the consumption 
of unhealthy, cheap and accessible food. This situation 
is of particular concern among women of reproductive 

age, given the high nutritional demands at this stage of 
the life cycle.13

In view of the above and considering that diet is a 
modifiable component related to important maternal and 
neonatal outcomes, the aim of this study was to identify 
DPs of puerperal women with high socioeconomic 
vulnerability, and to analyze the effect of food insecurity, 
age and education on unhealthy DP.

Methods

This study is a prospective cohort, developed in Rio 
Largo/Alagoas, which followed women and their 
conceptus during the first year postpartum. The city 
of Rio Largo is located in the State of Alagoas, in 
theNortheast region of Brazil, a strategic territory, due 
to its similar characteristics to the state that hosts it, 
such as sociodemographic and economic conditions, 
health determinants and the Human Development Index 
(HDI),14 conferring external validity on the results, such 
others city in the Northeast region.

A non-probabilistic consecutive sampling process 
was carried out by convenience. The study included 
women who gave birth between February and August 
2017 in the only public hospital in the city, which has a 
low-risk maternity. Women who did not live in the city 
and those with HIV/AIDS were excluded. Of the 284 
eligible women, 240 were recruited.

Data collection occurred in four waves over 12 
months: immediate postpartum (maternity), third, 
sixth and twelfth month postpartum by home visits. 
Supplementary Figure 1 shows the flowchart of study 
participants and losses to follow-up.

A semi-quantitative food frequency questionnaire 
(FFQ) validated for the Brazilian population was used 
to identify DPs.15 The instrument contains 110 items, 
and includes the usual food consumed by the population 
studied. It was applied on the third (n=207), sixth 
(n=195) and twelfth (n=183) months postpartum. Data 
were collected by trained interviewers.

The FFQ was composed of nine categories of 
consumption frequency, with options of response 
ranging f rom ‘does  not  consume’ to  ‘consumes 
more than three times/day’, later converted into the 
following score: “more than 3 times/day”=3; “2-3 times/
day”=2; “1 time/day”=1; “5-6 times/week”=0.78; “2-4 
times/week”=0.42; “1 time/week”=0.14; “1-3 times/
month”=0.07; “hardly ever/never”=0.010; “seasonal 
consumption”=0.005.  For  the  answer  “does  not 
consume”, was assigned a value=0.00. 
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Table 1

Grouping food from the food frequency questionnaire by nutritional similarities. Saúde, Alimentação, Nutrição e Desenvolvimento Infantil 
(SAND) (Health, Food, Nutrition and Child Development) (, Rio Largo-Brazil, 2017-2018.

Food Groups Food/Description

Fruit
Orange, banana, papaya, apple, watermelon, melon, pineapple, avocado, mango, 
grape, guava, strawberry, pine cone, jackfruit, fruit salad

Vegetables
Lettuce, cabbage, tomatoes, pumpkin, chayote, green beans, okra, onions, garlic, 
carrots, beet, cauliflower, broccoli

Milk and dairy products Milk, yogurt, white cheese, yellow cheese, cottage cheese

Natural drinks Natural fruit juices and coconut water

Tubers English potato, cassava, yam, sweet potato, plantain

Beans, legums and derived products Beans, feijoada, lentils, chickpeas, peas and acarajé 

Processed and ultra processed meat Sausage, hamburger, bacon, ham

Meat, fish and prepared food
Liver, gut, boned meat, boneless meat, pork, chicken breast, fried chicken, boiled 
chicken, boiled fish, fried fish, stroganoff

Sweets, desserts and chocolate
Plain cake, filled cake, sweet cookie, ice cream, popsicle, caramel, jelly, powdered choco-
late, chocolate bars, pudding, fruit jam, honey, cereal bar

Ultra processed and ready-to-eat food
Instant noodles, instant soup, salty cookies, pizza, baked salty snacks, fried salty snacks, 
hot dogs, cheese bread

Ultra processed drinks Processedjuice, soft drinks

The first application of the FFQ (three months 
postpartum) obtained data on the last year (pregnancy 
and the first three months postpartum). On the sixth and 
twelfth months, data were collected relating to the last 
quarter and last semester, respectively.

Food with a consumption frequency of less than 
5% were excluded (e.g., soy extract, which had a 
participation rate of 1.5%). The group of rice, bread, 
corn-derived food and alcoholic beverages were not 
included in the analysis as they had a very low factorial 
load.  The items were grouped into 11 food groups, based 
on nutritional similarity, in coherence with literature.16 
Table 1 shows the groups and their respective food that 
made up the DP with the highest adherence.

The DP shows standardized scores generated for each 
woman evaluated. For each DP identified, standardized 
scores were generated for each woman. It was assumed 
that the score value represented the women’s proximity 
to the DP and it was assigned to each woman the DP with 
the highest probability of adherence. Thus, in the model, 
dichotomous variables were generated and attributed a 
single DP to each individual, identifying the DP that best 
characterizes the individuals, as proposed in a previous 
study17 (Supplementary Figure 1).

The perception of food insecurity was assessed using 
the Escala Brasileira de Insegurança Alimentar (EBIA) 
(Brazilian Insecurity Scale), applied in the immediate 
postpartum, considering access to food in the last three 
months. Each affirmative answer on the questionnaire is 

equivalent to one point, and the sum of the points gives 
the total score on the scale; the classification is based 
on the sum of points, which ranges from zero to 15. The 
classification was carried out as follows: 0: security; 1-5: 
mild insecurity; 6-10: moderate insecurity; and 11-14: 
severe insecurity. Estimates were calculated based on 
using this variable at its four levels.18

Data on the immediate postpartum period were 
analyzed to characterize the population: age (<20 years 
and ≥20 years), as recommended by World Health 
Organization19; years of study/schooling (≤8 years 
and >8 years); family’s economic class (Class B+C 
and Class D+E), assessed according to the Critério de 
Classificação Econômica Brasil20 (Brazil Economic 
Classification Criteria), a household assets-based 
form that includes the head of the family’s educational 
level and availability of sanitation services and street 
pavement; and number of children (≤2 child >2 child). 
For the model, time variables (third, sixth and twelfth 
months postpartum), age in years and schooling (years 
of study) were used as continuous and food insecurity 
as ordinal variable, based on the score obtained, in 
four categories: food security/none insecurity; mild, 
moderate and severe food insecurity.

The data was double-entered/validated in Epi-
Info3.5.4 [Centers for Disease Control/Prevention], 
Atlanta, USA). Statistical analyses were carried out 
using Stata/SE 13 (StataCorp LP, College Station, TX, 
USA).
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Descriptive statistics were used to compare the 
characteristics of the women included and excluded, 
using Fisher ’s exact test. DPs were derived using 
principal component analysis (PCA), which reduces 
the number of variables based on the correlation of 
groups. The varimax rotation method was applied to 
simplify the interpretation of the extracted factors. The 
suitability of the data set for applying the PCA was 
confirmed by the Kaiser-Meyer-Olkin (KMO >0.50) 
and Bartlett ‘s test of sphericity (p<0.05).

The number of factors was defined based on the 
components with an eigenvaluegreater than 1. Each 
principal component was interpreted based on food 
with factor loadings ≥0.3. The naming of the DPs was 
determined from the food that made up the components.

To examine the longitudinal association between 
DP, time, food insecurity, age and level of schooling 
we conducted mixed effects logistic regression model. 
Time, food insecurity, age and schooling were used 
as fixed effects. For the random effect, which allows 
for variation in the coefficients to be estimated, the 
individual (women) and time were included. This 
model ing has  two components :  in t ra- individual 
( longitudinal  change described by model with a 
population-cluster intercept and slope) and between 
individuals (variation in the individual intercept and 
slope). The statistical strategy adopted allows for the 
analysis of temporally unbalanced measures, as well 
as missing information.21 The unstructured covariance 
matrix was used for this model, considering the number 
of children and whether they breastfed at any stage 
of the study. These variables were inserted as model 
adjustment. For all the tests applied, p≤0.05 to be 
statistically significant. Estimates were presented as 
odds ratio (OR) with their respective 95% confidence 
interval (CI95%).

The ResearchEthics Committee of Universidade 
Federal de Alagoas approved the study protocol SAND 
(CAAE: 5483816.9.0000.5013), acronym for “Saúde, 
Alimentação, Nutrição e Desenvolvimento Infantil” 
in Portuguese, or “Child Health, Food, Nutrition and 
Development” in English. 

Results

The KMO coefficient showed acceptable and adequate 
values to carry out the analysis on the third (0.78), 
sixth (0.73) and twelfth month postpartum (0.81). 
According to Bartlett ‘s test of sphericity (χ2=332.52; 

p<0.001) ,  the  food  g roups  eva lua ted  were  no t 
considered independent and were strongly correlated, 
parameters needed to carry out the PCA (Supplementary 
Table 1). The KMOcriterion identified two DPs, named 
according to their composition: Predominantly healthy 
DP (PHDP) and predominantly ultra-processed dietary 
pattern (PUPDP).

Between February-August 2017, there were 394 
births. Of the total eligible cases (284), 240 women 
were recruited to participate in the study. At the end of 
the 12-month follow-up, losses represented 23.5% of 
the initial sample, with the main reason, was moving to 
other cities (Supplementary Figure 2).

Table 2 describes the characteristics of the population 
included and excluded from the study; no statistically 
significant differences were identified between the two 
groups. The population was composed of around 70% 
women ≥20 years of age and approximately 60% with 
>8 years of study. About socio-economic class, most 
of the women evaluated were on low incomes (67%), 
according to the criteria adopted. With regard to food 
insecurity, 29% of the women had mild insecurity, 12% 
had moderate insecurity and approximately 6% had 
severe insecurity, according to the score obtained by 
the EBIA.

The format ion  of  the  two fac tors  and the i r 
respect ive explained variances are  presented in 
Supplementary Table 2 and Figure 1. In the first stage 
of the study, the PHDP showed higher factor loadings 
for fruit, vegetables, milk and dairy products, fresh 
beverages, meat, beans and tubers (Figure 1A). In the 
second stage, the PHDP showed higher factor loadings 
for fruit, vegetables, milk and dairy products, fresh 
drinks, meat and beans (Figure 1B). In the third stage, 
the PHDP was characterized by higher factor loadings 
for fruit, vegetables, fresh drinks, beans and tubers 
(Figure 1C). The PUPDP, in the first stage of the study, 
showed higher factor loadings for ultra-processed 
meat, ultra-processed and ready-to-eat food, sweets 
and cookies and ultra-processed drinks (Figure 1A). 
In the second stage, the PUPDP showed higher factor 
loadings for ultra-processed meat, ultra-processed 
and ready-to-eat food, sweets and cookies, tubers and 
ultra-processed drinks (Figure 1B). In the third stage, 
the PUPDP was characterized by higher factor loadings 
for milk and dairy products, meat, ultra-processed 
meat, ultra-processed and ready-to-eat food, sweets 
and cookies and ultra-processed drinks (Figure 1C).
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Table 2

Characteristics of women included and excluded from the study. Saúde, Alimentação, Nutrição e Desenvolvimento Infantil (SAND) (Health, 
Food, Nutrition and Child Development), Rio Largo-Brazil, 2017-2018.

Variables1
Included Excluded

p*
n % n %

Age (years)

< 20 63 30.4 9 27.3 0.839

≥ 20 144 69.6 24 72.7

Schooling (years of study)

≤ 8 85 41.1 16 48.5 0.452

> 8 122 58.9 17 51.5

Economyclass

B+C 68 32.9 8 24.2 0.421

D+E 139 67.1 25 75.8

Food insecurity

None** 109 52.7 13 39.4 0.263

Mild food insecurity 61 29.5 13 39.4

Moderate food insecurity 25 12.0 3 9.1

Severe food insecurity 12 5.8 4 12.1

Numberofchildren 0.829

≤2  children 158 76.3 26 78.8

>2 children 49 23.7 7 21.2

Total 207 86.2 33 13.8

*p-value Fisher teste; 1: variables referring to the perinatal stage; Economic class: According to the criteria of the Brazilian Association of Research Companies; Food Security 
defined according to the Brazilian Food Insecurity Scale (EBIA); **Food security.

The eigenvalues for the DPs identified, as well 
as the variances explained according to the periods 
analyzed, are described in Supplementary Table 2 and 
Figure 1. It was observed that eigenvalues for PHDP 
were 3.0, 2.6 and 3.5 in the three stages of the study, 
respectively; while for PUPDP the eigenvalues were 1.4 
for the three stages of the study. It was observed that 
PHDP explained the greatest variance in the three stages 
analyzed: 27.6%, 24.3% and 32.7%, respectively, while 
for PUPDP, the explained variance was 13.1% for the 
first stage and 12.9% for the second and third stage; the 
accumulated variance of DP identifies in the three stages 
analyzed were: 40.7%, 37.2% and 45.6%, respectively 
(Supplementary Table 2 and Figure 2).

The mixed effects logistic regression evaluated 
factors related to greater adherence to PUPDP among 
postpartum women. In relation to the temporal evolution 
of adherence to PUPDP, no statistically significant 

changes were observed in adherence at the three time 
points studied. Regarding greater adherence to PUPDP, 
an inverse association was observed with age, in years 
(OR=0.92; CI95%= 0.85; 0.99; p=0.031), indicating 
that for each additional year of age, the likelihood 
of adherence to the DP decreases. Similarly, a higher 
education level, in years of study, was related to 
adherence (OR= 0.81; CI95%=0.70; 0.93; p=0.003), 
with each one-unit increase in schooling level reducing 
the likelihood of adherence. Conversely, it is observed 
that adherence to DP increases with the level of food 
insecurity (OR= 1.55; CI95%= 1.01; 2.37; p=0.044). 
Thus, for each increase of one level in food insecurity 
(e.g., from food security to mild, from mild to moderate, 
or from moderate to severe food insecurity), the odds 
of greater adherence to the PUPDP increase by 55% 
(Table 3).
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Table 3

Dietary pattern predominant ultra-processed of postpartum women, by mixed effects logistic regression model. Saúde, Alimentação, Nutrição 
e Desenvolvimento Infantil (SAND) (Health, Food, Nutrition and Child Development), Rio Largo-Brazil, 2017-2018.

Variables

Predominant Ultra-processed Dietary Pattern

Unadjusted value Adjusted value*

OR CI95% p OR CI95% p

Stage (months)

3rd 1.00 1.00

6th 1.18 0.69; 2.00 0.540 1.14 0.68; 1.92 0.621

12th 1.59 0.76; 3.33 0.214 1.33 0.75; 2.35 0.344

Age (years) 0.97 0.91;1.03 0.343 0.92 0.85; 0.99 0.031

Schooling (years of study) 0.78 0.69; 0.88 <0.001 0.81 0.70; 0.93 0.003

Food insecurity** 1.80 1.21; 2.68 0.004 1.55 1.01; 2.37 0.044

CI95%= 95% Confidence Interval; bold= values indicate statistically significant associations (p<0.05); Gross value= univariate analysis; *Adjusted value= multivariate analysis, 
adjusted for number of children and breastfed at any stage of the study; **Food insecurity levels: mild, moderate and severe food insecurity.

PHDP

PUPDP

BeansTubers

Meat, fish and 
preparad food

Natural drinks

Milk and dairy 
products

Vegetables

Fruits

0,8

Processed and ultra 
processed meats

Ultra processed and 
ready-to-eat foods

Sweets, desserts 
and chocolates

Ultra processed 
drinks

C

B

A

PHDP

PUPDP

BeansTubers

Meat, fish and 
preparad food

Natural drinks

Milk and dairy 
products

Vegetables

Fruits

Processed and ultra 
processed meats

Ultra processed and 
ready-to-eat foods

Sweets, desserts 
and chocolates

Ultra processed 
drinks

PHDP

PUPDP

BeansTubers

Meat, fish and 
preparad food

Natural drinks

Milk and dairy 
products

Vegetables

Fruits

Processed and ultra 
processed meats

Ultra processed and 
ready-to-eat foods

Sweets, desserts 
and chocolates

Ultra processed 
drinks

Figure 1

Factor loadings of food groups consumed by postpartum women. Saúde, Alimentação, Nutrição e Desenvolvimento Infantil (SAND) (Health, Food, 
Nutrition and Child Development, Rio Largo-Brazil, 2017-2018.

Variance explained according to stage: (1A) first stage: PHDP: 27.6%; PUPDP: 13.1%; accumulate: 40.7%; (1B) second stage: PHDP: 24.3%; PUPDP: 12.9%; accumulate: 
37.2%; (1C) third stage: PHDP: 32.7%; PUPDP: 12,9%; accumulate: 45.6%; Factor loadings ≥0.30 were included for each dietary pattern. Varimax rotation; PHDP= 
Predominantly Healthy Dietary Pattern; PUPDP= Predominant Ultra-processed Dietary Pattern.
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Discussion

This study, developed with data from the first cohort in 
Alagoas that followed postpartum women, identified two 
DPs: a composed predominantly of healthy food, PHDP; 
and a DP composed of predominantly ultra-processed food, 
PUPDP, with no variation temporal impact on adherence to 
unhealthy DP throughout follow-up. Regarding the main 
findings of the study, it is highlighted that the lower the 
age and level of schooling of the population studied, the 
greater the adherence to PUPDP and that adherence to 
PUPDP increases with the level of food insecurity.

The identif ied DPs were named considering 
the predominance of the food that formed them, 
characterized according to their degree of processing. 
The PHDP was predominantly made up of healthy food. 
However, it is possible to observe that unhealthy food 
was also part of this DP, but to a lesser extent. In general, 
women who are more likely to adhere to a PHDP are 
more likely to follow the recommendations proposed 
by the food guide for the Brazilian population, which 
encourages the consumption of natural and minimally 
processed food.2,3

The PUPDP was predominant ly  made up of 
unhealthy food, such as ultra-processed food. However, 
healthy food was also included in this DP, but to a lesser 
extent. Just as it was identified in the PHDP, with regard 
to unhealthy food. Ultra-processed food are industrial 
formulations made from the inclusion of ingredients 
that are harmful to the health when ingested in high 
quantities, such as sugar, sodium, saturated fat and 
food additives, which means that individuals who use 
them as the basis of their diet have an increased risk 
of developing various types of chronic diseases, such 
as hypertension, diabetes, cancer, among others.22,23 
A variation in the composition of DP over time was 
observed with an incorporation of some healthy items 
in the PUPDP in the second andthird times evaluated, 
change that indicates the complex and dynamic nature 
of individuals’ food choices over time.

Studies that evaluated women during pregnancy 
and/or the postpartum period identified similar DPs.7,8 
Despite different methods of identifying and naming 
DPs, most analyses show variations, from healthy DPs 
to DPs characterized by ultra-processed food and drinks. 
The need for nutritional counseling to avoid increased 
consumption of ultra-processed food is emphasized, 
especially during the period analyzed.7,8 Considering the 
variances of the PHDP, was the one that best explained 
the food consumption of this population.

Similar results were found in a population in this 
stage of life, the healthy DP also best explained the food 
consumption of the population evaluated.7 Another study 

indicated that the DP with the greatest variance and 
explanatory power of the food consumption of pregnant 
women evaluated was characterized by saturated 
and trans fats, sodium, sugars and low in fruit and 
vegetables.8 There is scientific evidence in the literature 
regarding the consequences of eating ultra-processed 
food on human health,24 however, studies analyzing the 
consumption of ultra-processed food during the first 
year after birth are rarer and more recent.25

The Pesquisas de Orçamentos Familiares (POF) 
(Household Budget Surveys) revealed an increase in 
ultra-processed food in the total calories of the Brazilian 
population’s diet, contributing approximately 20% 
of daily calories11 while there was a decrease in the 
consumption of freshand minimally processed food in 
all of the  macro-regions in the country.22This condition 
is strongly influenced by urbanization, industrialization, 
and globalization, which facilitate the insertion and 
availability of ultra-processed food in middle and low-
income countries. These factors have favored an increase 
in the consumption of these products and a decline in the 
consumption of fresh and minimally processed food.22

A factor that deserves attention in this type of 
assessment concerns age, which can be identified in 
our study as being negatively associated with PUPDP. 
These findings are in line with those of previous 
studies, in which younger pregnant and puerperal 
women showed lower adherence to healthy DP when 
compared to adherence to unhealthy DP.5,7 It is clear 
that older women, when evaluating the period between 
pregnancy and the first year postpartum, have a greater 
consumption of healthy foods during pregnancy, when 
compared to younger women.5

In our explanatory model, the effect of level of 
schooling on adherence to PUPDP was also analyzed. 
Women with more years of schooling had lower 
adherence to PUPDP. Awareness of the importance 
of eating properly increases with greater access to 
schooling.5 It is possible to infer a strong and positive 
association between age and level of schooling, as well 
as greater adherence to healthier eating behaviors and 
greater concern for maternal and child health.10

Another point that deserves attention concerns food 
insecurity, and our findings show that this condition 
was also related to adherence to the PUPDP. The food 
insecurity to which the women were subjected, the 
higher the contribution of ultra-processed products 
in the composition of the DP adopted, a situation that 
compromises the adequate supply to meet the maternal 
and fetal demands of the mother and child.1 Scientific 
evidence shows that food insecurity compromises the 
quantity and quality of the diet perceived as adequate, 
resulting in changes to the usual DPs of the population. 
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The results of a food consumption study conducted 
among food insecure women during pregnancy showed 
a lower consumption of vegetables when compared to 
food secure women.13

Survival strategies, with a reduction in the quality 
and quantity of food consumed, have been adopted 
in situations of food insecurity. In this context, these 
families begin to replace healthy food, which are often 
more expensive (fresh food, proteins of high biological 
value, etc.), with cheaper products of lower nutritional 
quality (ultra-processed, calorie-dense, with an excess 
of simple carbohydrates, sodium, and trans fats and 
low in fiber).12

The consumption of ultra-processed food has grown 
exponentially in recent years, especially among middle- 
and low-income countries, increasingly affecting the 
most socioeconomically vulnerable populations, like 
the population studied here. The availability of ultra-
processed food is high and is increasing, affecting the 
DPs of the world’s population, which now consists of 
ultra-processed food.23 These changes in DPs have led 
to important changes in the epidemiological profile of 
the population.26 The production and high consumption 
of ultra-processed food also fosters an unsustainable 
food system, which encourages monocultures, impacts 
environmental health and degrades food crops.23,27

However,  we must emphasize that diet  is an 
important  modif iable  r isk  factor  and a l ter ing a 
pathogenic DP by adopting a healthy diet has a positive 
impact on human health, preventing illness and early 
death.27

Considering the nutritional recommendations at this 
stage of the life cycle, consumption should be assessed in 
a targeted way. Certainly, food and nutritional guidance 
for women during prenatal care, the puerperium, the 
immediate postpartum period and throughout the first 
year is considered strategic. However, food choices are 
not only determined by the recognition of nutritional 
and physiological needs, but above all, by physical 
and financial access to food. Therefore, it is essential 
to improve the access of food insecurity of families to 
healthy food.28

Emancipatory food and nutrition education is 
therefore necessary, together with the implementation 
of public policies that have an impact on improving 
the population’s access to healthy diets before, during 
and after pregnancy.29 Taxes on ultra-processed food 
have been implemented in several countries, achieving 
positive results in terms of reducing the population’s 
consumption of these products. Tax subsidies aimed 
at stimulating the production and marketing of fresh/
minimally processed food have the potent ial  to 

improve access to healthy food and positively shape the 
composition of DPs.30

This study has some limitations, such as the sample 
size, which may have had an impact on the effects 
identified, suggesting caution when discarding the 
statistically non-significant associations found. Also, it 
is noteworthy the non-probabilistic sampling approach, 
which may cause bias to the selection, including only 
those who have more access to health services and 
possibly greater health care. However, it is important 
to emphasize that all women who gave birth in the only 
public hospital in the city were included.

It is worth noting that we did not include a group of 
food derived from rice, bread, and corn in our analysis 
due to their very low factor load. While this decision 
was based on strict statistical criteria, the absence of 
these items could potentially affect the results of diets 
that frequently include them. Additionally, by analyzing 
the DP as a dichotomous variable and assigning a single 
pattern to all, we may have disregarded the individual’s 
participation in the other DPs. Finally, the study was 
carried out with low-income women, and the results may 
need to be validated for other social classes, ethnicities, 
or specific people.

Strengths include the fact that this is a prospective 
study carried out with rigorous data quality control. 
Considering its internal validity, the results can be 
extended to other locations since the characteristics 
of the city studied are similar to those of many other 
Brazilian cities with a similar HDI, especially in the 
Northeast region. The food consumption assessment 
tool used was validated for the Brazilian population, 
with more than 100 items that include preparations and 
regional food that are part of the eating habits of the 
population studied. The mixed-effects logistic regression 
model developed made it possible to assess intra-
individual variations and the effect of time on adherence 
to the DP, which favors the analysis of longitudinal data. 
The analysis technique used takes into account temporal 
variation, as well as the correlation between successive 
measurements. 

This cohort study provided a better understanding 
of DP among low-income women over a year after 
childbirth, as well as factors that influence adherence, 
which did not vary over the period evaluated.

The adherence to PUPDP increases with the level 
of food insecurity. The analytical approach adopted 
also showed that the higher age and level of schooling 
decreases the adherence to this DP. These findings 
provide additional support for the association between 
the levels of food insecurity with adherence to PUPDP, 
suggesting the need for effective measures to ensure food 
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security and the human right to adequate food. In relation 
to the women’s health care and care network, efficient 
and decisive responses are recommended that promote 
food and nutritional information and favor access to 
healthy food, especially among the most biologically 
and socially vulnerable population groups.
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Supplementary Figure 1

Analytical diagram of the identified DPs. Saúde, Alimentação, Nutrição e Desenvolvimento Infantil (SAND) (Health, Food, Nutrition and Child 
Development), Rio Largo-Brazil, 2017-2018.

*Value 1: the most prevalent dietary pattern for each woman; Value 0: another less prevalent dietary pattern. PCA=principal component analysis.

February - August 2017
394 births

Loss to follow-up (n=33/13.6%)

Dropout (n=8) 
Moved to another city (n=13) 
Death (n=1)
Genetic disorder (n=1)
Home visit period expired (n=6) 
Gave up the child for adoption (n=2) 
Address not found and telephone number unavailable (n=2)

Eligible
284 women

Baseline
240 women

Refused to participate (n=41/14.4%)

Recovered (n=4)

Recovered (n=7)

Loss to follow-up (n 19/9.6%)

Dropout (n=1) 
Moved to another city(n=5) 
Home visit period expired (n=1)
Gave the child up for adoption (n=3)
Address not found and telephone number unavailable (n=9)

Loss to follow-up (n 16/7.6%)

Moved to another city (n=4) 
Home visit period expired (n=11) 
Address not found and telephone number unavailable (n=1)

3rd month
207 women

6th month
195 women

12th month
183 women

Supplementary Figure 2

Flowchart and the selection of the analytical sample of the Project. Saúde, Alimentação, Nutrição e Desenvolvimento Infantil (SAND)(Health, Food, 
Nutrition and Child Development), Rio Largo-Brazil, 2017-2018.

Supplementary Table 1

Kaiser-Meyer-Olkin Adequacy Measure. Saúde, Alimentação, Nutrição e Desenvolvimento Infantil (SAND) (Health, Food, Nutrition and Child 
Development), Rio Largo-Brazil, 2017-2018.

Stage (months postpartum)

3rd month 6th month 12th month

Kaiser–Meyer–Olkin 0.78 0.73 0.81

Bartlett's Test of Sphericity
Chi-squared (χ2) 332.52 247.13 434.24

Sig. p<0.001 p<0.001 p<0.001
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Supplementary Table 2

Factor loadings of food groups of women postpartum generated by principal component analysis. Saúde, Alimentação, Nutrição e 
Desenvolvimento Infantil (SAND) (Health, Food, Nutrition and Child Development), Rio Largo-Brazil, 2017-2018.

First Stage

Food Groups
Dietary Patterns

Predominant Healthy Predominant Ultra processed

Fruit 0.7235 0.0340

Vegetables 0.6295 0.1740

Milk and dietary products 0.5366 0.0960

Natural drinks 0.6426 -0.3196

Meat, fish and prepared food 0.4923 0.3074

Beans 0.5316 0.1641

Tubers 0.5305 0.1546

Processed and ultra-processed meat 0.2168 0.5831

Ultra processed and ready-to-eat food 0.3223 0.4452

Sweets, desserts and chocolates 0.3391 0.5363

Ultra processed drinks -0.1305 0.8112

Eigenvalues 3.03 1.44

Variance explained (%) 27.6 13.1

Cumulative Variance (%) 27.6 40.7

Second Stage

Food Groups

Dietary Patterns

Predominant Healthy
Predominant

Ultra processed

Fruit 0.6111 0.3300

Vegetables 0.6769 0.0960

Milk and dietary products 0.4296 0.2728

Natural drinks 0.6985 -0.1947

Meat, fish and prepared food 0.4296 0.2809

Beans 0.3842 0.0811

Tubers 0.3195 0.4527

Processed and ultra-processed meat -0.1184 0.4904

Ultra processed and ready-to-eat food 0.3327 0.5316

Sweets, desserts and chocolates 0.2245 0.6678

Ultra processed drinks -0.3345 0.6280

Eigenvalues 2.67 1.42

Variance explained (%) 24.3 12.9

Cumulative Variance (%) 24.3 37.2
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Third Stage

Food Groups

Dietary Patterns

Predominant Healthy
Predominant

Ultra processed

Fruit 0.6248 0.3108

Vegetables 0.7146 0.2517

Milk and dietary products 0.4159 0.4373

Natural drinks 0.6594 0.0532

Meat, fish and prepared food 0.3093 0.6634

Beans 0.5050 -0.1165

Tubers 0.6390 0.1806

Processed and ultra-processed meat 0.1129 0.6604

Ultra processed and ready-to-eat food 0.3758 0.5580

Sweets, desserts and chocolates 0.2667 0.6570

Ultra processed drinks -0.3925 0.6006

Eigenvalues 3.59 1.42

Variance explained (%) 32.7 12.9

Cumulative Variance (%) 32.7 45.6
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