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Abstract

Understanding the determinants of malnutrition is pivotal for public health interventions.
This study aimed to identify socio-economic, demographic, dietary and maternal determinants
of wasting and overweight among Brazilian children between 6 and 59 months. Data from the
Brazilian National Survey on Child Nutrition were analysed (n 11 789). Children’s weight-for-
height Z-scores were calculated according to the WHO growth standard and classified as
wasting (Z < —2), normal weight (-2 <Z < 1), overweight risk (1 <Z <2) and overweight
(Z> 2). Socio-economic, demographic, dietary and maternal covariables were considered.
Adjusted multinomial logistic regression (OR and 95 % CI) was employed. The prevalence of
overweight and wasting was 9-5 and 2.6 %, respectively. In the adjusted model, younger age
(6-23 months: OR: 1-7; 95 % CI: 1.3, 2-2), consumption of > 5 ultra-processed food groups
(OR: 1:8; 95% CI: 1-1, 3-1), maternal underweight (OR: 0-4; 95 % CI: 0-2, 0-9), overweight
(OR: 1:5; 95 % CI: 1-2, 1-9) and mild food insecurity (OR: 0-8; 95 % CI: 0-6, 1-0) were associated
with child overweight. The Brazilian Northeast (OR: 4-9; 95% CI: 2-1, 11-3), Southeast
(OR: 7-1; 95 % CI: 30, 16-6), South (OR: 4-7; 95 % CI: 1-8, 12-1), Midwest regions (OR: 2-7; 95 %
CL: 1-2, 6-2) and maternal underweight (OR: 5-4; 95 % CI: 2-7, 10-7) were associated with
wasting. Overweight in Brazil is prevalent among children between 6 and 59 months, while
wasting is not a major public health problem. The main determinants of these Brazilian
children’s nutritional status were age, ultra-processed food consumption and maternal
nutritional status.

Undernutrition is still a critical public health problem among children from low- and middle-
income countries because its effects are long-lasting and surpass childhood*?. Globally, data
from 2019 show that 6-9 % of children under 5 years of age (< 5 years) were underweight®.
Conversely, the prevalence of overweight and obesity has rapidly increased in many countries
and different populations. The WHO estimates that about 38 million children worldwide are
overweight®. In Brazil, the National Demographic and Health Survey conducted in 2006
indicates that the prevalence of wasting and overweight (including obesity) among children
under 5 years was 1-4 and 7-3 %, respectively(®.

Wasting has been observed in younger children (< 24 months), and the different prevalence
between countries seems to be related to socio-demographic characteristics®®. All forms of
undernutrition can weaken the immune system, affect cognitive function in childhood and
adversely affect school performance, productivity and overall health”. Like wasting, being
overweight is more prevalent in low-income countries and has been related to poor diet quality
and food insecurity®”. Being overweight in childhood affects physical and psychological
consequences, with the possibility of remaining overweight in adulthood and developing
non-communicable chronic diseases, such as diabetes and CVD®10),

In low- and middle-income countries, the determinants of different forms of malnutrition
include parental education, sanitation and housing conditions, diet quality, breastfeeding
practices and the child’s nutritional status of micronutrients®'®. Studies showed that
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ultra-processed foods (UPF) consumption is linked to overweight
in preschoolers and schoolchildren. In addition, two studies
revealed that maternal schooling, access to household goods and
maternal nutritional status were the determinants that mainly
explained child overweight!!>!®), However, no nationally repre-
sentative data on malnutrition in children < 5 years were available
in Brazil since 2006, a low- and middle-income country with
substantial socio-economic and health disparities. The availability
of the Brazilian National Survey on Child Nutrition (ENANI-
2019) data allowed an update of the malnutrition status and the
associated factors.

Given the impact of childhood nutritional status on health and
quality of life, it’s crucial to explore the determinants of
malnutrition and the most vulnerable groups. Thus, this study
aimed to identify socio-economic, demographic, dietary and
maternal determinants of wasting and overweight among Brazilian
children between 6 and 59 months.

Methods
Study design, sampling and population

This study used data from the ENANI-2019, a population-based
survey conducted between 2019 and 2020. The ENANI-2019 has a
complex probabilistic sample!”) that uses stratification and
clustering, incorporating two or three selection stages. We selected
municipalities or census enumeration areas as the primary
sampling units. The elementary sampling units were the house-
holds with at least one child < 5 years. The ENANI-2019 sample is
representative of Brazil’s five geographic regions, children’s age
groups (0-23 and 24-59 months) and sex(”). Detailed information
on the study protocol has been previously described'®).

The ENANI-2019 evaluated 14 558 children < 5 years in 12 524
households. For the present study, children aged 6-59 months and
with information on the biological mothers’ anthropometric
measures were included (n 11 998). Children who had any
syndrome or physical disability that compromised the anthropo-
metric measure (n 4), those in which it was not possible to calculate
the weight-for-height Z-score (WHZ) (n 54), those with
implausible values (n 2), whose mothers were pregnant at the
evaluation (1 59) or whose mothers had maternal missing values of
anthropometric measurements (n 11) were excluded. Those
classified as indigenous or Asian descendant’s skin colour/race
(n79) were further excluded due to low sample precision. Thus, the
final sample comprised 11 789 children.

Anthropometric measures

The data collection team comprised 30 supervisors and 323
interviewers. The staff was recruited to collect data in the 123
municipalities participating in ENANI-2019. All participants
underwent training and standardisation for the collection of
anthropometric measurements. Interviewers were responsible for
visiting the households, performing the anthropometric measure-
ments and administering the questionnaire. At the same time,
supervisors would assist interviewers in cases of difficulties and
would cross-check the obtained measurements. Detailed informa-
tion on training sessions and the standardisation of the anthropo-
metric measurements can be found in a previous publication'?.
The weight and length/height measurements were obtained
using portable SECA brand equipment. Measurement of weight
(kg) and height (cm) for biological mothers and children > 2 years
of age were collected on a digital platform scale (model 813) and
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stadiometer (model 213). For children < 2 years of age, paediatric
scales (model 336) and anthropometers (model 417) were used.

All measurements were obtained in duplicate and recorded on a
mobile device. Interviewers could not retrieve or access the first
measurement while recording the second one. The mobile device
was programmed to detect implausible anthropometric measure-
ments of children by calculating the Z-scores according to the
WHO growth standards®?).

After collection, data were evaluated based on the quality
indicators proposed by WHO/UNICEF?). The ENANI-2019
anthropometric data were in accordance with the recommenda-
tions for all indicators assessed. Subsequently, the missing (n 197;
1-4 %) or implausible values (n 135; 0-9 %) were imputed using the
‘nearest neighbour’ imputation method, in which socio-economic
and demographic information (macro-region, sex, age and income
quarter) and existing anthropometric measurements were
considered while selecting donor records®*??), This method was
chosen for its ability to preserve the data structure and the
relationships between variables.

Implausible measures were classified if WHZ was < —5 or > 5,
length/height for age Z-score was < —6 or > 6 and weight-for-age
Z-score was < —6 or > 5?1, The system asked for confirmation of
birth date or to repeat the measurement in these cases. At the end
of the fieldwork, there were 0-9 % implausible cases for WHZ; after
imputation, only 0-1 % of the WHZ remained implausible. Data
after fieldwork revealed that only 0-8 % of children were flagged as
having a difference greater than 0-3 kg for weight between the first
and second measurements and 1-84 % for length/height above 0-5
and 1 cm, respectively. The first measurement of weight and
length/height of children was used to classify the nutritional status
according to the WHO growth standard®”). In contrast, the second
measurement was utilised solely as a quality assurance mechanism
to identify inconsistencies and validate field staff performance.

The anthropometric nutritional status was classified according
to the Brazilian Ministry of Health and WHO recommendations,
as wasting (WHZ < —2), normal weight (-2 <WHZ < 1), over-
weight risk (1 < WHZ < 2) and overweight (WHZ > 2)2%?%, For
adult biological mothers (age > 20 years), anthropometric status
was based on BMI (calculated by dividing the weight (kg) by the
squared height (m)) classification using the WHO cutoffs®>, For
adolescent biological mothers (<20 vyears), the BMI-for-age
Z-score was calculated and classified according to WHO reference
charts®®),

Dietary information

The children’s dietary data were collected using a structured
questionnaire that included a group of food markers and referred
to the consumption of any quantity on the day before the interview.
Children were classified as having a minimum dietary diversity if
they received at least five out of eight food groups ((1) breast milk;
(2) grains, roots and tubers (bread, rice, pasta, baby cereal,
potatoes, other starchy vegetables); (3) beans, nuts and seeds
(beans, lentils, peas, chickpeas); (4) dairy products (animal milk,
infant formula, yogurt, porridge); (5) flesh foods (animal meat,
liver, kidney, heart, sausages, processed meats); (6) eggs;
(7) vitamin A- rich fruits and vegetables (carrots, pumpkin, sweet
potato, cabbage, spinach, other local dark greens leafy vegetables);
and (8) fruits and Vegetables)<27). Children were also classified
according to zero vegetable or fruit consumption, and those who
did not consume any vegetables or fruits during the previous day
were classified as yes for this indicator®”). The foods/food groups

ssaud Aissanun abpuguied Aq auluo paysliand /62000525t L L£000S/£101°0L/B10"10p//:sdny


https://doi.org/10.1017/S0007114525000297

676

assessed in the present study were classified as ultra-processed,
according to Monteiro et al. (2019)?®. The number of UPF groups
consumption (none, 1-2, 3-4, > 5 groups) was classified based on
the following ten food groups: (1) sweet or salty cookies/crackers;
(2) instant flours (rice, corn, wheat or oatmeal); (3) carbonated
drinks; (4) other sugar-sweetened beverages (excluding carbonated
drinks) (boxed juice, boxed coconut water, guarana syrup, currant
juice, powdered juice or natural fruit juice with added sugar);
(5) candies (confectionery); (6) processed meats (hamburger, ham,
mortadella, salami, nugget, sausages or frankfurter); (7) packaged
snacks; (8) processed bread (such as flatbread, breadsticks and
hamburger buns); (9) instant noodles; and (10) yogurts.

Socio-economic and demographic characteristics

The following socio-economic and demographic characteristics
were evaluated: Brazilian geographical regions (North, Northeast,
Southeast, South and Midwest); child age group (6-23; 24-59
months); maternal age (< 20, 20-29, 30-39, > 40 years), child skin
colour/race (white, brown, black); sex (male, female); National
Wealth Score (classified in tertiles of sample distribution), which is
a household synthetic index based on a set of items related to
the possession of consumer goods, the household characteristics
and the education of the head of the household and allow the
stratification of the economic status®”; the Brazilian Food
Insecurity Scale (classified as food security, mild food insecurity,
moderate or severe food insecurity); and household crowding
(0-1, 2-3, > 4 individuals per bedroom).

Statistical analysis

All the analyses were conducted considering the study’s complex
sample design using the R programming language packages:
‘survey’, ‘srvyr’ and ‘svyVGAM’ to consider the structure of the
sampling plan, weights and calibration. These functions account
for the complexity of the sampling design. We tested for
multicollinearity, but the analysis suggests this is not a significant
issue in our data. The Z-scores of anthropometric indices of
children and adolescent mothers were calculated using the R
packages ‘growthstandards’ and ‘anthro’.

The descriptive analysis included the point prevalence of
nutritional status, 95 % CI and the estimated population size with
each condition (children x 1000). Pearson’s y* and Rao and Scott
adjustment tests were used to compare the proportion of
nutritional status according to socio-demographic, maternal and
dietary determinants.

Crude and adjusted multinomial logistic regression models
were used to evaluate factors associated with the anthropometric
conditions of the children: wasting, overweight risk and over-
weight, using normal weight as the reference category. The
magnitude of the associations was expressed in OR. The adjusted
models were defined using a backward stepwise selection of
variables, in which we started with the complete model and
excluded one variable at a time, in descending order of P-value,
until all the remaining variables were statistically associated with
the outcomes at a 20 % significant level. A P-value of 5 % or lower
was considered statistically significant.

Results

Children were predominantly aged 24-59 months (65-8 %), brown
(524 %) and males (50-8 %). The most frequent maternal age
category was between 20 and 29 years (49-1 %), and 48-4 % of
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the households experienced any level of food insecurity. The
prevalence of overweight among children’s biological mothers was
586 %, 9-5 % of Brazilian children between 6 and 59 months were
overweight and 2-6 % were wasted (Table 1).

The prevalence of wasting varied significantly between regions,
being lower in the North (0-7 %), compared with the Northeast
(2-9%) and Southeast (3-3%). The prevalence of wasting was
significantly higher in mothers with underweight (12-9 %)
compared with those with normal weight (2-8 %) or overweight
(2:0 %). The prevalence of overweight was significantly higher in
children aged <24 months (11:6 %) than in those aged > 24
months (8:4%) and in children from overweight mothers,
compared with those with underweight (10-6 % v. 3-6 %) (Table 2).

In the adjusted model, younger age (6-23 months: OR 1-7; 95 %
CI: 1-3, 2-2), consumption of > 5 ultra-processed food groups (OR:
1.7; 95 % CI: 1-0, 2-9), maternal overweight (OR: 1-5; 95 % CI: 1-2,
1-9) and mild insecurity (OR: 0-8; 95 % CI: 0-6, 1-0) were associated
with a higher OR of child overweight, while maternal underweight
(OR: 0-4; 95% CI: 0-2, 0-9) was inversely associated (Table 3).
Higher household crowding (2-3 or >4 people per bedroom) was
inversely associated with being overweight. Children from the
Northeast (OR: 4-9; 95 % CI: 2-1, 11-3), Southeast (OR: 7-1; 95 % CI:
3-0, 16:6), South (OR: 4-7; 95 % CI: 1-8, 12-1) and Midwest regions
(OR: 2-7; 95% CI: 1-2, 6-2) and those whose mothers were
underweight (OR: 5-4; 95% CI: 27, 10-7) had higher odds of
wasting.

Discussion

This study reveals a 9-5 % overweight prevalence among Brazilian
children aged 6-59 months in 2019, while wasting is of lesser
concern as a public health problem with a prevalence below 3 %.
Second, we identified socio-economic, demographic, dietary and
maternal characteristics significantly associated with child over-
weight and wasting. Specifically, being 6-23 months and having
> 5 UPF group consumption were associated with 1-7 and 1-7 odds
of being overweight, respectively. Maternal nutritional status also
played an important role, directly impacting child malnutrition,
encompassing both overweight and wasting. The prevalence of
wasting in children of underweight mothers was 12-9 % (95 %
CI: 57, 20-2).

The magnitude of overweight observed in this national
populational study classifies Brazil as a country with a medium
prevalence of overweight, according to the WHO- UNICEF
Technical Expert Advisory Group on Nutrition Monitoring®?).
Childhood overweight is rising in Brazil: its prevalence increased
from 6:6 to 9-5 % in 2006-2019, that is, a 43-9 % expansion over
13 years*3). The 2019 prevalence was similar to other Latin
American and Caribbean Countries for children < 5 years, such as
Cuba (10-3 %, 2019), Uruguay (11-4%, 2018) and Paraguay
(12-4 %, 2016), and for the USA (9-4 %, 2018) but higher than
countries like China (85 %, 2017) and Peru (8-1 %, 2019)©2).

The period between conception and 2 years of age is considered a
significant vulnerability and crucial for developing the body, brain,
metabolism and immune system©?. Although the brain undergoes
continuous development throughout life, during infancy, the first
1000 d are the greatest period of growth and development, during
which the foundations for long-term health are also laid®®.

A higher odd of being overweight was observed among children
who reported the consumption of > 5 UPF groups the day before
the interview, compared with those who did not. This result is
worrying since the trend in the consumption of UPF is increasing
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Table 1. Distribution of Brazilian children under 5 years of age according to socio-economic, demographic, dietary and maternal characteristics (ENANI-2019)

Frequency (%) 95% Cl Children (x1000)*

Brazilian regions

North 10-9 10-6, 11-2 1360-1

Northeast 27-4 26-8, 28-0 3424-1

Southeast 40-0 39-6, 40-4 49924

South 13-6 13-4, 13-8 1695-8

Midwest 81 7-9, 83 10120
Child age (months)

6-23 34-2 33-8, 34-6 4267-1

24-59 65-8 65-4, 66-2 8217-3
Child skin colour

White 41-0 38-4, 43.7 5121-4

Brown 52-4 49.8, 55-0 6542-8

Black 66 5.5, 7-6 820-2
Child sex

Male 50-8 50-4, 51-1 6336-2

Female 49-2 48-9, 49-6 6148-1
Zero vegetable or fruit consumption

No 747 72:2,77-2 9325.-8

Yes 253 22:8,27-8 31585
Minimum dietary diversity

No 37-8 35.0, 40-6 4717-5

Yes 622 59-4, 65-0 7766-8
Child ultra-processed food consumption (number of groups)

None 11-2 93,131 1399-8

1-2 46-1 43-2, 49-0 5756-5

3-4 33:2 30-5, 36-0 4146-7

>5 9-5 7-8,11-1 1181-4
Maternal age (years)

<20 6-2 53,71 776-9

20-29 49-1 47-2, 50-9 6123-9

30-39 379 36-3, 39-5 4734-2

> 40 6-8 5.9, 7-7 849-4
Maternal nutritional status’

Normal weight 38-2 36-1;40-3 47869-8

Underweight 32 2:4, 3.9 395-4

Overweight 58-6 56-5, 60-8 7319-1
Household crowding (individuals per bedroom)

0-1 56 4-4,6-8 694-4

2-3 78-0 75-8, 80-2 9736-5

>4 164 14-2, 187 2053-5
Brazilian Food Insecurity Scale

Food security 51-6 46-4, 56-8 6444-0

Mild insecurity 380 33-5,42:6 47487

Moderate insecurity 6-2 51,73 T73-4

Severe insecurity 42 32,51 5182

(Continued)
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Table 1. (Continued)
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Frequency (%) 95 9% ClI Children (x1000)*
Weight-for-age Z-score*
Wasting (< —2) 26 1.9, 34 329-0
Normal weight (-2 <WHZ <1) 70-1 68:5, 71-7 8757-3
Overweight risk (1 <WHZ <2) 177 166, 189 2215-4
Overweight (WHZ > 2) 9.5 83, 107 1182-7

WHZ, weight-for-height Z-score.

*Children (x 1000) cell value times 1000 represents the total of mother—child dyads estimate in the population with the condition. 'Classified according to the BMI (WHO, 1995) for adult women
(> 20 years). Classified according to BRAZIL, 2011; WHO, 2006.

Table 2. Distribution of the nutritional status (weight for age)* of Brazilian children under 5 years of age, according to socio-economic, demographic, dietary and

maternal characteristics (ENANI-2019)

Wasting Normal weight Overweight risk Overweight Pt
Prevalence Prevalence Prevalence Prevalence
(%) 95% Cl (%) 95% ClI (%) 95 % CI (%) 95% ClI
Brazilian regions 0-008
North 0-7 02,11 75-9 72-4,76:9 152 12:3,18:1 83 4.9, 116
Northeast 29 1.7,4-1 70-7 67-3, 74-1 171 14.4, 19-7 93 7-2,11.5
Southeast 33 1-6, 49 68-4 656, 71-2 185 167, 20-3 9.9 7.6, 12:2
South 21 1.3, 3:0 65-1 61-1, 69-0 21.5 18-6, 24-5 11-3 8-5, 14-0
Midwest 2:1 1.6, 2.7 776 747, 80-5 13-6 11-4, 157 67 6-7, 82
Child age (months) <0-001
6-23 2:8 1-8,3-7 64-3 61-8, 66:9 213 19-1, 23-5 116 10-0, 131
24-59 2:6 1.7, 3-4 73:2 71-1, 75-2 159 14.9, 17-3 8-4 6-8, 10-0
Child skin colour 0-796
White 2:2 1.5, 2.9 689 64-4, 6715 19-3 178, 20-8 9.6 7.3,11-8
Brown 3-0 1.8,4-3 70-9 684, 73-3 167 14.7, 18-8 9-4 8-0, 10-7
Black 2:3 0-0, 4-85 719 67-4, 76:5 15.9 11-6, 20-2 9.9 64, 13-3
Child sex 0-415
Male 3-0 2.0, 41 689 66:5, 71-3 17-9 15-6, 20-2 10-1 8.4, 11.9
Female 2:2 11,33 71-5 68:9, 74-0 17-6 157,194 88 72,103
Child ultra-processed food consumption (number of groups) 0-575
None 38 21,56 69:-0 64-4, 713-7 17-8 142, 215 93 6:6, 12.0
1-2 2-7 1.7, 3.7 70-2 67-7, 72-8 177 16-0, 19-5 9-4 7-5,11-2
3-4 2:4 12,35 71.5 69:-0, 74-0 17-4 15.0, 19-8 8-8 7-3,10-3
>5 2-0 02,37 66-4 60-4,72-3 191 15.0, 231 12-6 8:0, 17-2
Child zero vegetable or fruit consumption 0-503
Yes 2.5 1.7,3-3 70-4 68-8, 72-1 17-4 16-0, 187 97 85, 10:9
No 3-0 17,43 69-3 66:0, 72:6 189 167, 21-0 8.9 6.7, 11-0
Child minimum dietary diversity 0-744
No 30 2.0, 3:9 706 67-8, 73-3 16-7 15.0, 18-4 9.8 81,15
Yes 2:4 1.5, 34 69-9 681, 71-7 184 169, 19-9 93 7-9, 10-7
Maternal age (years) 0-309
<20 31 1.0, 5-2 66-5 60-8, 72-3 188 14.1, 235 115 70, 16:1
20-29 1.8 11,26 70-7 68:3, 73-1 181 16-3, 19:9 9-4 8:0, 10-8

(Continued)
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Table 2. (Continued)
Wasting Normal weight Overweight risk Overweight pt
Prevalence Prevalence Prevalence Prevalence
(%) 95% Cl (%) 95% Cl (%) 95% Cl (%) 95% Cl
30-39 33 21,45 69-9 67-7, 72-1 172 15.0, 193 9.7 74,119
> 40 44 0-7, 0-0 70-9 64-1, 77-6 177 115, 23-8 71 4.0, 10-2
Maternal nutritional <0-001
status?
Normal weight 28 1.9, 3.7 732 71-1, 75-4- 158 142, 17-4 8:2 67, 9-6
Underweight 12:9 5.7, 20-2 723 653, 79-3 11-2 43,181 36 0-9, 63
Overweight 2.0 11,28 68-0 66-0, 70-0 194 17.9, 20-8 10-6 9.0, 122
National wealth score 0-219
(tertiles)
Ist 2.7 2:0, 3-4 72:6 709, 74-3 164 15.0, 17-9 83 7-0, 9-5
2nd 3.0 1.7, 44 67-8 64.9, 70-9 19-6 17-2, 21-9 9.6 7.6, 116
3rd 22 0.9, 3-4 70-2 67-1, 73-2 172 14.9, 19-5 10-5 79, 131
Household crowding (individuals per bedroom) 0-007
0-1 37 0-5, 6:9 63-8 56:6, 70-9 144 9-0, 19-8 182 13-1, 232
2-3 26 1.9, 34 70-4 686, 72:1 17-8 164, 19-1 9.2 7.9, 106
>4 23 1.3, 34 71-2 66-8, 75-7 188 15-8, 21-8 76 47, 10-5
Brazilian Food Insecurity Scale 0-143
Food security 27 1-6, 3-8 687 66-4, 70-9 18:0 16-4, 19-6 10-6 89, 124
Mild insecurity 2.7 18,36 71-1 68-4, 73-7 181 16-1, 20-2 82 6-7, 9-6
Moderate insecurity 1-8 01, 3-6 71-0 66-0, 76-0 19.0 14.6, 229 81 4.2,12.0
Severe insecurity 29 09, 48 787 71.-0, 86-3 93 5-4,13-2 91 27,156

Data are presented as prevalence (%) and 95 % CI. *Child nutritional status was classified using weight-for-height Z-score (WHZ) (wasting (< —2); normal weight (-2 < WHZ < 1); overweight risk
(1 < WHZ < 2); overweight (WHZ > 2)) according to BRAZIL, 2011; WHO, 2006. The P-value refers to Pearson’s y% Rao and Scott adjustment test. *Classified according to the BMI (WHO, 1995) for

adult women (> 20 years).

in many countries®>*%, including Brazil®”). The energy density of
the diet, the relative content of free sugar, fats in general, saturated
fats and trans fats increase significantly with increasing con-
sumption of UPF. The association between UPF and health
outcomes®®, including overweight, has been established in the
literature for adults®*‘?). However, there is a lack of studies
exploring this association among children, mainly <5 years.
Prospective cohorts with Portuguese™) and British? children
found that a higher UPF consumption was significantly associated
with increased trajectories of BMI. On the other hand, a
longitudinal study with Brazilian preschool children (at 4 years
old) evaluated the percentage of total energy consumption
attributed to UPF and found no statistically significant association
with BMI but statistically significant with waist circumference*?,
More studies are needed to understand the implications of UPF
consumption for nutritional status in preschool children. Maternal
nutritional status also plays a vital role in child malnutrition, being
associated with both overweight and wasting. The mother and
child share more than genetic aspects; parents can expose their
children to healthy or unhealthy food options. Mothers are
considered the principal caregivers responsible for purchasing and
preparing food for children®, so the association of maternal
characteristics has been widely studied with infant nutrition*>49),
Maternal food consumption can also be a modulator of children’s

food preferences since the child will consume the food purchased
by their parents’4%,

Mild food insecurity was associated with lower odds of a child
being overweight. Overweight and food insecurity often coexist
among children, and this seemingly paradoxical relationship has
been increasingly documented in the literature’->", Although this
relationship does not yet appear to be fully explained, many
variables could affect food insecurity status, such as physical
activity, nutritional exposure and school environment. These
factors may influence the classification of food insecurity status
and how food insecurity impacts weight outcomes.

We have noted a disparity in the prevalence of overweight risk
and overweight across various regions of Brazil. The factors
contributing to nutritional transition, such as urbanisation and
dietary habits, can partially explain these regional variations, which
may vary across the country®?. Additionally, an increased odds of
overweight risk was observed in the 2nd tertile of the National
Wealth Score, but no association was found with overweight. On
the other hand, household crowding was inversely associated with
overweight prevalence. Household crowding, a condition where
the number of occupants exceeds the capacity of the dwelling space
available, is often considered a marker of poverty and social
deprivation. Those results indicate that socio-economic status is
directly associated with overweight in Brazil, with a higher
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Table 3. Multinomial logistic regression models of the association between socio-economic, demographic, dietary and maternal characteristics and nutritional status* in Brazilian children under 5 years of age (ENANI- S
2019)

Crude model Adjusted model
Wasting Overweight risk Overweight Wasting Overweight risk Overweight
OR  95%Cl Pt OR 95%Cl Pt OR 95%Cl 2 OR  95%Cl Pt OR 95%Cl Pt OR  95%Cl Pt

Brazilian regions (reference category: North)

Northeast 4.7 2:0,10-8 < 0-001 1.2 0-9, 1-6 0-202 1.2 0-7, 2-0 0-468 4.9 21,113 < 0:001 1.2 09, 1.7 0-229 1.2 0-7, 1.9 0-513

Southeast 5.5 22,133 < 0-001 1-4 1.1, 1.7 0-018 1.3 08,22 0-284 71 3.0, 16:6 < 0-001 1.3 1.0,1-8 0-061 13 0-8, 2-0 0-329

South 37 16,87 0003 1.7 13,22 <0001 16 0927 0-084 47 18,121 <0001 16 11,21 0-008 14 09,24 0-170

Midwest 31 1-4,6-8 0-004 0-9 07, 1.2 0-368 0-8 05, 1.3 0-346 2.7 12,62 0-014 09 07, 1.2 0-477 0-8 05, 1.2 0-242
Child age (months; reference category: 24-59)

6-23 1.2 08,19 0-307 1.5 1.3,18 < 0-001 1-6 1.2,2:0 < 0-001 11 0.7, 1.7 0-619 1-6 13,19 < 0-001 1.7 1.3,2:2 < 0-001
Child skin colour or race (reference category: white)

Brown 1.3 0-7, 2-4 0-326 0-8 0-7, 1-0 0-086 1.0 0-7, 1-3 0-766 1-6 08, 3.1 0-205 0-9 07,11 0-337 11 0-8, 1.5 0-676

Black 1.0 0-3, 3-0 0-996 0-8 0-7, 1-0 0-163 1.0 0-7, 1-5 0-961 1.0 0-3, 3-0 0-987 0-8 0-6, 1-1 0-171 1.0 0-7, 1.5 0-962
Child sex (reference category: male)

Female 0-9 0-5, 1-6 0-714 1 0-8, 1-2 0-944 0-8 0-6, 1-1 0-117

Child ultra-processed food consumption (number of groups; reference category: none)

1-2 07 04,12 0218 10 07,13 0-866 10 06,15 0-959 06 04,12 0155 11 08,14 0-684 11 07,16 0-729
3-4 06 03,12 0138 09 07,13 0-704 09 06,15 0623 06 03,11 0110 11 08,15 0-677 11 07,16 0-725
>5 05 02, 14 0199 11 0816 0-592 14 09,23 0171 05 02,11 0100 13 09,20 0215 17 10,29 0-037

Child zero vegetable or fruit consumption (reference category: no)

Yes 1.2 0-8, 1-9 0-402 11 09, 13 0-270 0-9 0-7,1-2 0-576

Child minimum dietary diversity (reference category: no)

Yes 0-8 0-5,13 0-408 11 09,13 0-188 1.0 0-8,12 0-7609

Maternal age (years; reference category: < 20)

20-29 0-6 02,12 0-15 0-9 0-6, 1-3 0-563 0-8 0-5, 1-2 0-248 0-5 02,12 0-069 0-9 0-6, 1-3 0-636 0-8 0-5, 1.2 0-257
30-39 1.0 0-4,22 0-998 0-9 0-6, 12 0-425 0-8 0-5,12 0-317 1.2 0-5,2:6 0-690 0-9 06,12 0-413 0-7 0-5,12 0-177
> 40 13 0-4, 39 0-632 0-9 0-6, 1-4 0-727 0-6 03,11 0-107 1.5 0-5, 4-4 0-446 0-9 0-6, 1-4 0-609 0-6 03,11 0-096

Maternal nutritional status (reference category: normal weight)*

Underweight 4.7 2:3,93 <0-001 07 0-4,1-4 0-342 0-4 0-2,0:9 0-027 54 2:7,10-7 <0001 07 03,14 0-324 0-4 0-2,0:9 0-023

Overweight 0-8 0-4,1-3 0294 13 11,15 <0-001 1.4 17,18 0-003 0-6 04,11 0-112 1.4 1.2,16 <0-001 1.5 1.2,19 <0-001
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Table 3. (Continued)

National wealth score (tertiles; reference category: 1st)

0-619 1.2 1.0, 1-4 0-053 12 09, 15 0-220

0-6, 1-6

1.0

0-096

10,16

13 11,15 0-006 12

0-458

07, 2:0

1.2

2nd

0-235 1.0 0-8,1.2 0-809 11 08,13 0-499

03, 1.0

0-6

0-099

13 1,18

0-395

11 09,13

0-568

04, 1.6

0-8

3rd

Household crowding (individuals per bedroom; reference category: < 1)

0-235 1.0 0-7,1-6 0-838 0-4 0-3,0-6 0-001

03,13

<0:001 0-6

03, 0-7

0-5

0-589

11 07,18

0-292

03,15

0-6

2-3

07,18 0-603 0-4 0-2, 0-6 0-001

1.1

0-105

02,12

0-5

< 0-001

0-4 0-2, 0-6

0-932

1 0-8,1-2

0-239

0-2, 1-5

0-6

Brazilian Food Insecurity Scale (reference category: security)

0-030

0-8 0-6, 1.0

07, 1.7 0-827 1.0 08,12 0-784

11

0-034

0-7 0-6, 1.0

0-770

0-8,1-2

1.0

0-853

0-6, 1-6

1.0

Mild insecurity

0-379

10 07,15 0914 08 05,13

0-656

03,22

0-282

07 04,13

0-900

10 07,14

0-413

02,18

0-7

Moderate
insecurity

0-745

0-5 0-3,0-8 0-003 0-9 04,18

0-515

03,18

0-4,1-6 0-459

0-8

0-001

0-5 0-3,0-7

0-869

0-4,2:1

0-9

Severe

insecurity

< 1); overweight risk (1 < WHZ < 2); overweight (WHZ > 2)) according to BRAZIL, 2011; WHO, 2006. 'P-value refers to multinomial logistic

-2 <WHZ
regression. *Classified according to the BMI (WHO, 1995) for adult women (> 20 years) and BMI-for-age Z-scores for adolescents (BRASIL, 2011; de ONIS, 2007).

*Child nutritional status was classified using weight-for-height Z-score (WHZ) (wasting (< —2); normal weight (
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prevalence in wealthy households. Other studies have reported a
direct association between socio-economic status and overweight/
obesity in different age groups®*->?, In line with our results, a
systematic review®”) of studies assessing the association between
socio-economic status and obesity in low- and middle-income
countries found a direct association between socio-economic
status and obesity in children, regardless of age, the level of gross
national income per capita, the level of obesity or the socio-
economic status indicator chosen.

We identified a 2-6 % prevalence of wasting among children
aged 6-59 months in Brazil, classifying the country as having
a low prevalence (when considering the threshold for children
< 5years)®”), Nevertheless, it is crucial to note that this prevalence
has risen since 2006 when it was 1-4% (the last national
representative survey in Brazil for children <5 years, using the
WHZ indicator)¥). Brazil has also undergone significant
economic changes during and after the COVID-19 pandemic,
with a notable increase in food insecurity indicators®®®), potentially
impacting childhood malnutrition. Therefore, continuous mon-
itoring of this indicator at the population level is imperative.

Furthermore, specific policy attention is required in countries
like Brazil, where the double burden of malnutrition is
increasing®. A recent systematic review consolidates evidence
regarding the impact of nutrition-specific and nutrition-sensitive
interventions on undernutrition and overnutrition, highlighting
the associated risks and opportunities for dual-purpose actions.
Interventions aimed at influencing nutrition-related behaviours in
mothers, infants or schoolchildren and those focused on
modifying school food environments demonstrated reduced risks
of unintended outcomes and presented promising opportunities
for dual-benefit strategies®”).

Utilising individual-level data derived from a nationally
representative survey constitutes a strength of this study.
The anthropometric measurements in ENANI-2019 were meticu-
lously ascertained following standardised protocols, and the
training process was uniformly conducted by qualified instructors
across all regions in Brazil, in addition to the real-time electronic
monitoring of children’s anthropometric data. The study’s
limitations include using a qualitative assessment of dietary intake
the day before the interview, which may not accurately measure
dietary exposure. Nevertheless, it is noteworthy that we adopted
indicators recommended by the WHO to assess young child feeding
practices at the household level?”). The use of imputation is another
strength of the present study. Imputation is vital in population
studies to ensure sample representativeness, preventing selection
bias resulting from the exclusion of observations with missing data.
Additionally, given the low percentage of implausible values in our
sample, the number of imputations performed was minimal, with
negligible impact on the prevalence estimates. On the other hand,
not performing imputation and excluding observations with
missing data could result in a loss of statistical power and a
reduction in sample representativeness.

Overweight (including obesity) had an alarmingly high
prevalence among Brazilian children aged 6-59 months in
2019, highlighting the imperative need for targeted interventions
to address this pressing public health challenge. Although only
2:6 % of Brazilian children were wasted, this prevalence has
increased in the last 13 years and should be monitored, especially
after the rise in food insecurity after the COVID-19 pandemic.
This research highlights the need for targeted public health
interventions to improve child and mother nutrition in Brazil and
reduce the consumption of ultra-processed foods in Brazil.
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