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Abstract

Introduction

The Double Burden of Malnutrition (DBM), characterized by the coexistence of over-
weight/obesity and nutritional deficiencies, represents a growing risk to child health,

affecting Ideal Cardiovascular Health (CVH). This study aimed to assess the preva-

lence of DBM and examine its association with CVH.

Methods

The SAYCARE study was conducted in public and private schools in Sdo Paulo

and Fortaleza, including children aged 3—10 years. CVH was evaluated based on
the eight components recommended by the American Heart Association. DBM was
defined as the coexistence of overweight/obesity (classified by BMI according to age-
and sex-specific percentiles) and iron deficiency (serum ferritin concentration <50
pg/L). Data collection included parent questionnaires, anthropometric assessments,
accelerometer measurements, blood pressure, and blood samples. Descriptive sta-
tistics and multilevel Poisson regression models were applied to estimate prevalence
ratios (PR) with 95% confidence intervals (95% Cl), with p<0.05 considered signifi-
cant. Cluster analyses were also performed using hierarchical and non-hierarchical
methods.

Results

The sample included 611 children, of whom 35.96% had low CVH. DBM was identi-
fied in 4.45% of the children, characterized by the coexistence of overweight/obesity
and iron deficiency. Children with overweight had a 43.06% prevalence of low CVH,
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while those with obesity had 49.06%. Poisson regression analysis found no signifi-
cant associations between DBM and CVH; however, factors such as maternal educa-
tion and family income positively influenced CVH.

Conclusion

This study showed that most Brazilian children present moderate to high cardiovas-
cular health, although a significant proportion remains at risk due to factors such as
poor diet, sedentary behavior, and excess weight. The presence of DBM highlights
the complexity of the nutritional transition in Brazil. Although no significant associ-
ation between DBM and CVH was found, multifactorial interventions are needed to
address the social, behavioral, and biomedical determinants of cardiovascular health
in childhood.

Introduction

The changes observed in recent decades in eating habits and lifestyle behaviors
have resulted in the paradoxical coexistence of undernutrition and overweight within
populations, families, and even individuals, a phenomenon known as the Double
Burden of Malnutrition (DBM) [1,2]. In the pediatric context, DBM may be even more
concerning, as it directly affects children’s growth, cognitive development, and future
health, thereby compromising their physical and intellectual development potential
[3,4]. The coexistence of nutritional deficiencies, such as iron deficiency anemia, and
excess weight in the same child can exacerbate negative health impacts, increasing
the risk of chronic diseases and compromising quality of life [5,6]. DBM therefore
represents a critical barrier to achieving the Sustainable Development Goals (SDGs),
particularly those related to zero hunger (SDG 2) and good health and well-being
(SDG 3), which aim to ensure food security and promote healthy lives at all ages
[7.8].

Although iron deficiency and overweight are widely studied as independent public
health problems, the coexistence of these two conditions in the same child, a specific
manifestation of DBM, remains underexplored in the scientific literature [3,9]. Few
studies have investigated how these conditions may coexist and interact within an
individual, especially in contexts of nutritional transition such as Brazil, where tradi-
tional undernutrition persists while childhood obesity is rapidly emerging [10,11].

Overweight and nutritional deficiencies, when present in childhood, can have
significant and long-lasting impacts on cardiovascular health [12,13]. Overweight is
associated with early alterations in the cardiovascular system, such as increased
blood pressure, dyslipidemia, and insulin resistance, factors that predispose individ-
uals to atherosclerosis and cardiovascular diseases (CVDs) in adulthood [14—16].
On the other hand, iron deficiency, one of the most prevalent nutritional deficiencies
worldwide, not only impairs cognitive and immune development but may also lead
to metabolic and cardiovascular alterations, such as reduced cardiac capacity and
increased risk of hypertension, especially when occurring during critical growth
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periods [17—-19]. The coexistence of these two conditions in the same child may further aggravate these risks, compromis-
ing cardiovascular health from early life and increasing the likelihood of chronic diseases in adulthood [6,20].

Child cardiovascular health has become an increasing concern over the past decades, as the prevalence of risk factors
associated with CVDs has risen significantly among children and adolescents [21,22]. Although most CVDs are diagnosed
in adulthood, robust evidence indicates that risk factors may develop early, often during childhood, and persist throughout
life [23,24]. The impact of these factors on long-term cardiovascular health is substantial, since conditions such as ath-
erosclerosis, hypertension, and heart failure have their roots in vascular and metabolic alterations that begin in childhood
[14,25].

Ideal cardiovascular health, as defined by the American Heart Association (AHA) in the context of Life’s Essential 8,
encompasses metrics such as healthy diet, regular physical activity, adequate lipid and glucose levels, blood pressure
control, maintenance of healthy weight, adequate sleep, tobacco abstinence, and limited exposure to environmental pol-
lutants [26]. These indicators are essential for preventing early cardiovascular disease and ensuring healthy aging. How-
ever, the presence of DBM, especially when combined with unfavorable socioeconomic determinants, can significantly
compromise children’s ability to achieve these ideal standards of cardiovascular health [5,6,9,27].

The condition of DBM is particularly concerning in low- and middle-income countries, such as Brazil, where public
policies still face significant challenges in simultaneously mitigating different forms of malnutrition, such as undernutrition
and obesity [9,28]. This scenario contributes to the multiplication of cardiovascular risk factors among children, especially
those in vulnerable situations, including the youngest, those from low-income families, and those exposed to humanitarian
crises or food insecurity [3,29,30]. Determinants such as low maternal education, insufficient family income, and limited
access to nutritious foods and health services may play a crucial role in perpetuating DBM, yet remain underexplored in
epidemiological studies [30,31].

DBM, by combining nutritional deficiencies such as iron deficiency and excess weight, may be associated with a less
favorable cardiovascular health profile, particularly in contexts of social inequality and rapid nutritional transition, where
access to nutritious foods and health services is limited. In this context, assessing the prevalence of DBM and examining
its association with a composite indicator of global cardiovascular health becomes important for the development of more
effective public health policies. Such policies must be capable of addressing, in an integrated way, the various aspects of
child nutrition and health, aiming to prevent chronic diseases in adulthood and contributing to reducing health inequalities
and improving the quality of life of future generations.

Materials and methods
Study design

This study refers to the baseline analysis of the SAYCARE project, entitled “New Perspectives on Pediatric Nutritional
and Cardiovascular Health: Strategies for Assessing the Double Burden of Malnutrition and Ideal Cardiovascular Health
in Low- and Middle-Income Countries — SAYCARE Cohort Study.” It is a multicenter, cross-sectional, school-based study
designed to investigate the relationship between the double burden of malnutrition (DBM) and ideal cardiovascular health
(CVH) in children and adolescents [32].

Study population and sample size

The study included preschool and school-aged children enrolled in public and private schools in Sdo Paulo and Fortaleza,
Brazil. These cities were selected for having populations exceeding 500,000 inhabitants and for hosting specialized
research centers, ensuring both representativeness and feasibility. The sampling design aimed to capture the cultural and
socioeconomic diversity of urban areas through a two-stage stratified random sampling process, thereby ensuring a com-
prehensive and balanced approach.
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First stage: Schools were randomly selected based on type (public or private) and size, ensuring proportional represen-
tation across population strata defined by sex and age. The total number of eligible schools serving the target age group
was first identified; eligible schools were defined as public and private schools in the selected cities with enrolled children
in the target age range (3—10 years). Schools were then randomly selected in proportion to the distribution of school
types.

Second stage: Within selected schools, classes were randomly sampled using stratified randomization to ensure age
representativeness. The allocation was proportional, guaranteeing that the distribution of students by age group accu-
rately reflected the target population. This methodological approach sought to maximize the precision and validity of the
results.

All children enrolled in the selected classes were invited to participate. However, inclusion in the final analytical sample
depended on parental or guardian consent and completion of all required assessments. Therefore, not all invited children
were included in the final analysis.

The sample size was calculated considering a significance level of 5% (a=0.05), a statistical power of 80%,
and an expected prevalence of the outcome (ldeal Cardiovascular Health) of 13.9%, with a margin of +4 percent-
age points. To account for the multistage sampling design, a design effect of 2.0 was applied, resulting in an initial
estimate of at least 470 children. To compensate for possible losses and refusals, an additional 10% was added,
followed by another 10% increase to ensure feasibility of multivariate analyses. Thus, the final minimum sample
size was approximately 569 participants. This sample size not only meets statistical requirements but also aligns
with the objectives of a broader health survey requiring robust samples for simultaneous evaluation of multiple
outcomes.

Ethical principles

The project was conducted in accordance with the ethical principles for research involving human subjects, as established
by the Declaration of Helsinki. The SAYCARE study protocol received formal approval from the Research Ethics Commit-
tee on Human Beings of the School of Medicine, University of Sdo Paulo (Faculdade de Medicina da Universidade de Sao
Paulo—FMUSP), Sao Paulo, Brazil (CAAE: 04900918.4.1001.0065; opinion number: 3.120.232; approval date: January
24, 2019). Written informed consent was obtained from parents or legal guardians prior to participants’ enrollment. The
project also complied with local regulations on human research in each participating city.

Data collection protocol

The recruitment of participants began on September 1, 2019, and ended on December 8, 2022. Inclusion criteria
comprised children aged 3—-10 years whose parents or legal guardians voluntarily consented to their participation by
signing the Informed Consent Form (ICF). Only children who completed all required clinical assessments, including
fasting blood collection and anthropometric measurements, were included in the final analytical sample. Exclusion
criteria included: parents’ inability to complete questionnaires, lack of consent from the child, and absence of fasting
before blood collection.

Materials and data collection timeline

Various measurement methods were employed, including equipment for anthropometric assessment, automated oscillo-
metric blood pressure monitors, blood collection materials, accelerometers, and a series of questionnaires.

Data collection occurred in four main stages, distributed over sequential visits (Fig. 1):

This protocol ensured the systematic and organized collection of data, guaranteeing the quality and integrity of the
information obtained.
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Fig 1. Timeline of visits and procedures for data collection in the SAYCARE study.

https://doi.org/10.1371/journal.pone.0349440.9001

Variable descriptions

The study variables were collected through both direct and indirect measures (Fig 2).

The direct measures included: (1) Anthropometric assessments, such as weight and height, to determine nutritional
status; (2) Blood pressure measurement using an electronic oscillometric device; (3) Monitoring of physical activity, sleep,
and sedentary behavior using accelerometers; and (4) Blood collection for the analysis of biochemical markers such as
glucose, cholesterol, ferritin, C-reactive protein (CRP), and other metabolic parameters.

The indirect measures were obtained through questionnaires, covering: (1) Environmental and demographic factors,
such as biological sex, type of school, and age; (2) Socioeconomic factors, including family income and maternal educa-
tion; and (3) Dietary habits, assessed through a food frequency questionnaire.

This multidimensional approach allows for a comprehensive analysis of the factors associated with children’s health
and development.

Operational definition of variables

The previously described variables were operationalized for inferential analyses as follows: biological sex (female/male),
age group (3-5 and 6-10 years), DBM, and CVH were treated as categorical variables. Age was included in the models
as a dichotomous variable. DBM was modeled as a binary variable (presence versus absence). CVH was dichotomized
into Low (0—49 points) and Moderate/High (50—-100 points) and used as the outcome in mixed-effects Poisson regression
models to estimate prevalence ratios.

Anthropometry

Anthropometric measurements were performed according to the WHO Anthropometric Standardization Manual [33]. Body
weight was measured using a calibrated digital scale (Omron® HN-289, Omron Healthcare Co., Kyoto, Japan) with a flat
platform (precision+0.1 kg), and height was measured using a portable stadiometer (SECA 213, SECA GmbH & Co. KG,
Hamburg, Germany) with a vertical rule and sliding headpiece (precision+0.1 cm).
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Fig 2. Study variables and data collection methods.

https://doi.org/10.1371/journal.pone.0349440.9002

Each anthropometric variable was recorded once, following this order, and then repeated once or twice, maintaining
the same sequence. A third measurement was performed only if the difference between any pair of readings exceeded
the maximum allowable variation for each variable (weight: 100 g; height/length: 7 mm). All instruments were calibrated
according to the manufacturer’s recommendations prior to data collection. All assessments were performed by the same
trained researcher at each site, in a private room at the school. Measurements were taken with minimal clothing and no
shoes [34].

Accelerometer

Physical activity level, sedentary behavior, and sleep time were assessed exclusively through objective measurement using
the Actigraph MTI accelerometer (model GT9X, Manufacturing Technology Inc., Fort Walton Beach, FL, USA) [35]. Parents
or guardians, as well as the children, were instructed to ensure continuous use of the device day and night for 7 consecu-
tive days, starting the day after receiving the monitor. The accelerometers were returned 8 days later. The device was worn
on the waist, attached by an elastic belt. At the time of delivery, the accelerometer was positioned on the child by a trained
researcher, and parents or guardians were instructed to supervise its continuous use throughout the monitoring period.

Participants received a daily log with detailed instructions and were asked to record any removal or replacement of the
device, along with the activities performed and their corresponding times. Non-wear time was defined as periods of 220
consecutive minutes of zero counts per minute (CPM). A valid day was defined as at least 8 hours of wear time. A valid
week was defined as at least 4 valid days, including at least 1 weekend day.

Periods with 0 counts per minute (CPM) for more than 20 minutes or more than 20,000 CPM were excluded. The
accelerometers were configured at 30 Hz, with an epoch length of 5 seconds. Accelerometer data collection and process-
ing followed the SAYCARE study protocol, based on previously published methodological recommendations for pediatric
accelerometry [36,37].

Physical activity

Data analysis included overall physical activity (CPM/day) and mean daily time spent in light, moderate, and vigorous
physical activity, using pediatric ActiGraph cut points derived from the Evenson calibration approach, which has been
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widely applied in children: (1) Light: 26—-573; (2) Moderate: 574—1002; and (3) Vigorous: 2 1003. Moderate-to-vigorous
physical activity (MVPA) was calculated as the sum of moderate and vigorous minutes per day. MVPA was dichoto-
mized as <420 minutes/week or 2420 minutes/week, corresponding to the recommendation of at least 60 minutes/day of
moderate-to-vigorous physical activity [38,39].

Sedentary behavior

Sedentary time was estimated as the accumulated period below 100 CPM during accelerometer wear time. For each
valid day, total sedentary time (SB) was expressed in minutes/day. Since wear time varied among participants, sedentary
behavior was standardized by adjusting for wear time and recalculated to a 12-hour day (720 minutes) using the formula:
SB time/ total wear time x 720 minutes, resulting in total SB in minutes per day. Total sedentary time was calculated as:
[(mean SB on weekdays % 5) + (mean SB on weekends x2)]/ 7.

Participants were classified using an operational threshold of <120 minutes/day (2 hours/day) of sedentary behavior,
based on pediatric sedentary behavior recommendations commonly used in the literature [40,41]. Because this reference
is most often applied to recreational screen-based sedentary behavior rather than total accelerometer-derived sedentary
time, this categorization was interpreted cautiously.

Sleep duration

Sleep duration was estimated from accelerometer data during the nocturnal period between 10:00 p.m. and 6:00 a.m.
Sleep time was defined as continuous periods of nighttime inactivity within this interval, excluding periods of intense
movement. Mean total sleep time per night was calculated in hours/night [42,43]. For analytical purposes, participants were
classified according to the operational sleep categories adopted in this study: 8—10 hours/night and <8 or >10 hours/night.

Blood pressure

Blood pressure (BP) measurements were conducted following AHA guidelines [44]. Systolic (SBP) and diastolic (DBP)
pressures were measured twice, with a two-minute interval between readings. If the second measurement differed by
more than 5% from the first, a third measurement was taken.

Three cuff sizes were used for children: small (12—21 cm), medium (22—32 cm), and large (33—42 cm). The appropriate
cuff size was essential for accuracy, as a cuff that is too large or too small relative to the arm circumference can overesti-
mate or underestimate BP values.

Measurements were performed on the right arm, with the arm supported at heart level, in a quiet room. Children were
seated, with their back supported, feet on the floor, and arm resting on a firm surface. After 5 minutes of rest, the mea-
surement began.

The device used was the Omron HEM-7200, a validated oscillometric digital BP monitor with an automatic inflation/
deflation mechanism and a measurement range of 0—299 mmHg. This model has been validated for children and adoles-
cents. The device was calibrated every 30 days to ensure accuracy [45,46].

Blood sample collection procedures

Blood samples were collected using a Vacutainer system (Becton Dickinson, UK) [47]. Collection was performed in the
early morning, after a 10—12-hour overnight fast, pre-scheduled with the school. Parents were instructed to maintain fast-
ing and informed that breakfast would be provided after collection.

Qualified nurses collected 20 mL of venous blood from the antecubital vein. These were distributed into: (1) 5 mL EDTA
tube (1 mg/mL); (2) 5 mL heparinized tube; and (3) 5 mL serum tube.

The protocol included: (1) Samples rested for 10 minutes at room temperature; (2) Centrifugation for 15 minutes at
3,000 rpm; and (3) Storage at —70°C.
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For hemoglobin, hematocrit, and other hematological analyses, a heparinized tube was added, processed within 2
hours after collection. Samples were transported under optimal conditions to a specialized laboratory, where hematologic
and metabolic analyses were performed.

Questionnaires

All questionnaires were derived from the SAYCARE Study, previously developed and tested for reliability. For children
aged 3-10 years, parents or guardians completed the questionnaires [32].

Demographic factors questionnaire. Included questions about sex and age (date of birth).

Socioeconomic factors questionnaire. This included 14 questions regarding household assets, domestic services,
family income, parents’ education level, and current employment status [48].

Family Income: Monthly income was categorized into five groups based on the national minimum wage at data collec-
tion: Low Income, Lower-Middle Income, Middle Income, Upper-Middle Income, and High Income, following World Bank
classifications [49].

Maternal Education: Classified into four levels — Elementary School, High School, Technical Education, and University
Degree — according to WHO (2010) recommendations for studies on social determinants of health [50].

Family income was retained as the primary household socioeconomic indicator because it was directly reported and
was interpreted jointly with maternal education, capturing complementary dimensions of socioeconomic position.

Food Frequency Questionnaire (FFQ) — Dietary intake was assessed through a validated FFQ [51], divided into 11
food groups: (1) Cereals and baked goods, (2) Tubers, (3) Vegetables, (4) Fruits, (5) Oils and olive oil, (6) Meats, fish, and
eggs, (7) Milk and dairy products, (8) Legumes, (9) Beverages, (10) Sweets and snacks, (11) Sauces.

Parents or guardians indicated consumption frequency using a 9-point scale.

For the diet metric, dietary variables from the SAYCARE FFQ were operationalized according to the American Heart
Association Life’s Essential 8 dietary framework, using the food items available in the questionnaire. Because the SAY-
CARE FFQ did not exactly reproduce all items of the original framework, the diet metric was adapted to the available
dietary variables while preserving the component-based logic of the LE8 construct. FFQ responses were recoded into
binary dietary components (criterion met vs. not met) using age-group—specific frequency thresholds.

The following components were derived: olive oil, fruits (fruit plus natural juice), butter/creams, fast food, sweets/bakery
products and sugar-sweetened beverages, fish, red/processed meats, whole grains, vegetables, poultry, cheeses, and
legumes/beans. These components were summed to generate a composite diet score, which was then converted into LE8
diet points according to age-group—specific operational scoring rules used in the study.

Main variable: Double burden of malnutrition (DBM)

DBM was defined at the individual level, focusing on the coexistence of childhood overweight/obesity and iron deficiency.
Childhood overweight and obesity were classified according to the International Obesity Task Force (IOTF) age- and
sex-specific BMI cutoffs proposed by Cole et al. [52]. These cutoffs are based on internationally derived reference
curves and correspond to adult BMI values of 18.5 kg/m? (thinness), 25 kg/m? (overweight), and 30 kg/m? (obesity) at
18 years of age.
Iron Deficiency: Defined as serum ferritin <50 ng/mL, according to Namaste et al. (2017) and WHO recommendations [53].
DBM was characterized by the coexistence of overweight/obesity and iron deficiency in the same child.

Outcome variable: Ideal cardiovascular health (CVH)

CVH was defined using the American Heart Association’s “Life’s Essential 8” framework [26], which includes 8 metrics
divided into two domains:
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Domain 1 — Health Behaviors: (1) Diet — Frequency of consumption across 12 food groups, scored 0—100 points; (2)
Sleep — “Sleep — Nighttime sleep duration, classified according to the age-specific thresholds adopted for the cardiovas-
cular health metric in this study; and (3) Physical Activity — 100 points for 2420 min/week of MVPA, consistent with the
pediatric recommendation adopted in the AHA framework.

Domain 2 — Health Factors: (1) BMI — 100 for normal, 70 for overweight, 30 for obese; (2) Non-HDL Cholesterol — 100
for <100 mg/dL, 0 for 2190 mg/dL; (3) Glucose — 100 for <100 mg/dL, 50 for 101-125 mg/dL, 0 for 2126 mg/dL; and (4)
Blood Pressure — classified using pediatric systolic and diastolic blood pressure percentiles specific for age, sex, and
height, with categorization based on cutoffs corresponding to the 50th, 90th, 95th, and 99th percentiles for the operational
definition of the CVH score.

Since participants were children, smoking was excluded. The global CVH score was calculated as the mean of the
7 remaining metrics and classified as follows: (1) Moderate/High CVH: 50—-100 points and (2) Low CVH: 0-49 points.
Age-specific pediatric thresholds recommended by the AHA Life’s Essential 8 framework were applied whenever applica-
ble, particularly for sleep duration, physical activity, and blood pressure.

In this study, CVH was operationalized as a composite indicator of overall cardiovascular health status based on the
AHA Life’s Essential 8 framework, rather than as a downstream causal outcome of each individual metric included in the
score. Therefore, analyses involving DBM and CVH should be interpreted as examining the association between DBM
and a summary cardiovascular health construct (Fig 3).

Statistical analysis

All statistical analyses were conducted using Stata version 15.0 (Stata Corporation, College Station, TX, USA). Various
statistical methods were applied, and for all hypothesis tests, the criterion for statistical significance was set at a=0.05.

Descriptive analyses

Descriptive analyses included the calculation of means, standard deviations, percentages, and 95% confidence intervals,
stratified by city. These analyses provided an overview of the demographic and behavioral characteristics of the study
participants.

Individual
level
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Fig 3. Socioeconomic clusters, health behaviors, and cardiovascular health in the double burden of malnutrition.

https://doi.org/10.1371/journal.pone.0349440.9003
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Normality of continuous variables was assessed using graphical inspection and appropriate normality tests when
applicable.

Exploratory socioeconomic cluster analysis

Exploratory cluster analysis was conducted as a complementary descriptive approach to summarize the joint distribution
of key socioeconomic indicators in the sample [54]. Three social variables were considered: family income, type of school
(public or private), and maternal education (Incomplete Basic Education; Completed Elementary School; Completed High
School; Completed Higher Education). Family income was included because, together with maternal education and school
type, it captures a complementary dimension of household socioeconomic position and helps characterize combined
socioeconomic profiles rather than isolated indicators

Three groups were identified, each representing a distinct socioeconomic profile derived from the combination of these
indicators. These clusters were used for descriptive characterization only and were not intended to replace the conven-
tional socioeconomic variables included separately in the regression models:

Cluster 1 — BEBR: combines low maternal education and low family income;
Cluster 2 — EMVE: represents medium maternal education and family economic vulnerability;
Cluster 3 — AEMC: includes high maternal education and higher socioeconomic status.

A strategy combining hierarchical and non-hierarchical clustering was adopted to identify groups with similar socioeco-
nomic profiles. Initially, complete linkage hierarchical clustering was applied based on squared Euclidean distances. The
initial solution was then refined using non-hierarchical k-means clustering, using the resulting centroids. This procedure
was used to support an exploratory descriptive grouping of children according to combined socioeconomic characteristics.

To visualize the hierarchical structure of the clusters, a dendrogram was created, showing how observations were
grouped as clusters were combined (Fig 4). This visualization helped determine the appropriate number of clusters for the
study, allowing categorization of children into groups with different cardiovascular risk profiles based on specific social and
economic determinants.

Multilevel analyses

Multilevel Poisson regression models with random intercepts were used to estimate prevalence ratio (PR) coefficients and
their 95% confidence intervals for variables of interest and potential confounders. In the multilevel regressions, the con-
textual variable considered was the school and/or city. The association models examining DBM in relation to CVH were
treated as exploratory and interpreted with caution because DBM includes overweight/obesity, while BMI is also a compo-
nent of the composite CVH score.

The association between ideal cardiovascular health and several covariates was analyzed, considering two levels of
data organization: (1) Contextual factors: city (research center), maternal education, family income, and type of school;
and (2) Individual factors: sex, age, physical activity, sedentary behavior, sleep time, and DBM.

A 10% change in the B coefficient of any variable already present in the model was considered significant. Variables
with p<0.20 in univariate analysis were included in the multivariable multilevel models. The level of statistical significance
was set at p<0.05.

Directed acyclic graph (DAG)

A directed acyclic graph (DAG) was developed using Dagitty (www.dagitty.net) to depict the conceptual structure underly-
ing the multilevel analyses and to improve transparency regarding covariate inclusion. The DAG summarizes the assumed
relationships among double burden of malnutrition (DBM), contextual socioeconomic indicators (family income, maternal

PLOS One | https://doi.org/10.137 1/journal.pone.0349440 June 3, 2026 10/24



www.dagitty.net

PLO\Sﬁ\\.- One

Dendrogram for cluster CVH3 cluster analysis
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n=100 n=278 n=58

Fig 4. Dendrogram showing the distribution of identified clusters.

https://doi.org/10.1371/journal.pone.0349440.9004

education, and type of school), demographic variables (age and sex), city (research center), and accelerometer-derived
behaviors (physical activity, sedentary behavior, and sleep duration) in relation to ideal cardiovascular health (CVH). The
DAG was included as a supplementary figure (S1 Fig).

Results

A total of 674 children initially agreed to participate in the study. However, some participants were absent on the days of
clinical assessments or did not complete blood collection. Additionally, a small number of cases presented incomplete
information regarding biological sex or date of birth, which precluded their inclusion in the analyses. After these exclu-
sions, the final analytical sample consisted of 611 children.

Table 1 presents the distribution of sociodemographic, behavioral, and health characteristics of the participating chil-
dren. The sample included children from two Brazilian cities (77.74% from Sao Paulo and 22.26% from Fortaleza), with a
balanced distribution between biological sexes (52.29% male and 47.71% female). Most children attended public schools
and came from low-income families (51.93% classified as low income). Maternal education varied, with the majority of
mothers having completed high school (48.23%).

Regarding metabolic and behavioral health, a high prevalence of unhealthy habits was observed. Inadequate diet
was reported in 69.77% of the sample, 60.34% presented non-recommended sleep duration and 90.83% exceeded
2 hours/day of accelerometer-derived sedentary time according to the operational classification used in this study.
Despite this, most children met the physical activity recommendations (88.54% accumulated 2420 minutes/week of
MVPA).

Nutritional status revealed that 35.17% of the children presented excess weight (19.15% overweight and 16.02%
obesity), while 5.34% were underweight. Regarding blood pressure, 30.11% had hypertension and 56.73% had elevated
blood pressure, totaling 86.84% with non-ideal blood pressure levels.

Concerning metabolic markers, cholesterol and glucose levels were mostly adequate (74.31% had non-HDL cholesterol
<120 mg/dL and 99.79% had glucose <100 mg/dL), but 12.08% of the children exhibited iron deficiency. The presence of
DBM (overweight/obesity +iron deficiency) was identified in 4.45% (n=21) of the sample.
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Table 1. Distribution of Independent Variables and Prevalence of Ideal Cardiovascular Health among Brazilian children in the SAYCARE

Study, Brazil, 2024.

Independent Variables Total n=611* Prevalence (%) (95% CI)
Research Center

Fortaleza 136 22.26% 19.12-25.74

Séo Paulo 475 77.74% 74.25-80.87
School Type

Public 503 82.32% 79.08-85.15

Private 108 17.68% 14.84-20.91
Maternal Education

Elementary School 85 17.75% 14.56-21.44

High School 231 48.23% 43.76-52.71

Technical School 40 8.35% 6.17-11.19

University Education 123 25.68% 21.95-29.79
Household Income

Low 229 51.93% 47.24-56.57

Low-Medium 147 33.33% 29.07-37.88

Medium 46 10.43% 7.89-13.66

Medium-High 18 4.08% 2.58-6.39

High 1 0.23% 0.03-1.60
Biological Sex

Female 271 47.71% 43.61-51.83

Male 297 52.29% 48.16-56.38
Age Group

3-5 years 151 26.73% 23.22-30.54

6-10 years 414 73.27% 69.45-76.77
Diet

Inadequate 337 69.77% 65.51-73.71

Moderate 142 29.40% 25.49-33.63

Ideal 4 0.83% 0.31-2.19
Sleep?

<8 or >10 h/night 175 60.34% 54.56-65.84

8-10 h/night 115 39.66% 34.1545.43
Physical Activity®

<420 min/week 40 11.46% 8.50-15.27

>420 min/week 309 88.54% 84.72-91.49
Sedentary Behavior®

>2h/day 317 90.83% 87.30-93.45

<2h/day 32 9.17% 6.54-12.69
Nutritional Status

Underweight 29 5.34% 3.73-7.58

Ideal Weight 323 59.48% 55.28-63.55

Overweight 104 19.15% 16.04—22.69

Obesity 87 16.02% 13.16-19.36
Blood Pressure?

Hypertension 103 30.11% 25.59-35.00

Elevated Blood Pressure 194 56.73% 51.39-61.90

Ideal Blood Pressure 45 13.16% 9.95-17.19

(Continued)
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Table 1. (Continued)

Independent Variables Total n=611* Prevalence (%) (95% CI)
Cholesterol®

<120 mg/dL 350 74.31% 70.15-78.06

120-144 mg/dL 102 21.66% 18.15-25.62

>145 mg/dL 19 4.03% 2.58-6.24
Glycemia’

<100 mg/dL 470 99.79% 98.49-99.97

101-125 mg/dL 1 0.21% 0.02-1.50
Iron Deficiency?

>50 ng/dL 415 87.92% 84.64-90.57

<50 ng/dL 57 12.08% 9.42-15.35
DBM"

Without DBM 451 95.55% 93.26-97.08

With DBM 21 4.45% 2.91-6.73
Ideal Cardiovascular Health

Low 123 35.96% 31.0241.21

Moderate/High 219 64.04% 58.78-68.97

a — hours of sleep per night; b — minutes of Moderate to Vigorous Physical Activity per week; ¢ — hours of sedentary behavior per day; d — blood pressure
categories were defined using pediatric systolic and diastolic blood pressure percentiles (age-, sex-, and height-specific), with classification into ideal, el-
evated, and hypertensive levels according to the study’s operational scoring criteria. e — milligrams per deciliter of Non-High-Density Lipoprotein Choles-
terol; f — milligrams per deciliter of glucose; g — nanograms per milliliter of ferritin; h — DBM: category of Double Burden of Malnutrition (Overweight +Iron
Deficiency). *The total analytical sample comprised 611 children; however, the number of valid observations varied across variables because some
measures were missing for specific assessments. Therefore, category totals may not sum to 611 in all variables.

https://doi.org/10.137 1/journal.pone.0349440.t001

As for cardiovascular health, 64.04% of the children were classified as having Moderate/High CVH, whereas 35.96%
were classified as Low CVH, indicating that more than one-third of the sample did not meet the criteria for ideal cardiovas-
cular health.

Descriptive analysis showed variation in CVH prevalence across the socioeconomic clusters (Table 2). Children in the
AEMC cluster presented a higher prevalence of Moderate/High CVH (75.26%) than those in the EMVE cluster (65.60%),
while the BEBR cluster showed a similar prevalence (73.17%). Regional differences were also observed, with Moderate/
High CVH more frequent in Fortaleza (67.69%) than in S&o Paulo (52.43%).

Adequate physical activity (2420 minutes/week) was associated with a higher prevalence of Moderate/High CVH
(76.41% vs. 70.58% in those below recommendations), and a moderate diet was also associated with higher CVH preva-
lence (81.17% vs. 69.23% in inadequate diet). Conversely, children with obesity showed a higher prevalence of Low CVH
(49.05%) compared to those with ideal weight (35.35%).

Children with hypertension had a notably higher prevalence of Low CVH (43.44%) compared to those with ideal blood
pressure (20.00%). Elevated non-HDL cholesterol (2145 mg/dL) was associated with a markedly higher prevalence of
Low CVH (72.72%).

The univariate analysis (Table 3) did not reveal statistically significant associations between the analyzed variables
and CVH (all p-values >0.05), although nutritional status (PR=0.890; 95% CI 0.791-1.001; p=0.053) and cholesterol
(PR=0.773; 95% CI1 0.577-1.036; p=0.085) showed borderline trends.

Regarding lifestyle habits, no statistically significant associations were observed between diet, sleep, physical
activity, or sedentary behavior and CVH prevalence in the univariate analysis. Blood pressure, glycemia, and DBM
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Table 2. Prevalence of Ideal Cardiovascular Health according to Independent Variables among Brazilian children in the SAYCARE Study,

Brazil, 2024.

Independent Variable

Low CVH (95% CI)

Mod./High CVH (95% Cl)

Cluster®

BEBR™

26.82% (15.36-42.54)

73.17% (57.45-84.63)

EMVE®

34.40% (26.54—43.21)

65.60% (56.78—73.45)

AEMC®

24.73% (16.95-34.58)

75.26% (65.41-83.04)

Research Center

Fortaleza

32.30% (26.87-38.26)

67.69% (61.73-73.12)

Sao Paulo

47.56% (36.92-58.41)

52.43% (41.58-63.07)

School Type

Public

33.20% (27.70-39.19)

66.79% (60.80—72.29)

Private

44.57% (39.19-55.46)

55.42% (44.53-65.80)

Maternal Education

Elementary School

23.07% (13.49-36.59)

76.92% (63.40-86.50

High School

31.61% (24.31-39.96)

68.38% (60.03-75.68

Technical School

26.08% (11.95-47.85)

University Education

29.11% (20.09-40.14)

= | ==

(

(
73.91% (52.14-88.04
70.88% (59.85-79.90

Household Income

Low 36.50% (28.51-45.32) 63.49% (54.67—-71.48)
Low-Medium 23.25% (15.45-33.43) 76.74% (66.56—84.54)
Medium 27.27% (14.64-45.03) 72.72% (59.96-85.35)
Medium-High 18.75% (5.90-45.91) 81.25% (54.08-94.09)
High (no observations) (no observations)

Biological Sex

Female 36.20% (29.36—43.65) 63.79% (56.34-70.63)

Male 35.71% (28.79-43.28) 64.28% (56.71-71.20)
Age Group

3-5 years 49.15% (36.57-61.83) 50.84% (38.16—63.42)

6-10 years 33.21% (27.94-38.94) 66.78% (61.05-72.05)
Diet

Inadequate 30.76% (2483-37.41) 69.23% (62.58-75.16)

Moderate 18.82% (11.80-28.65) 81.17% (71.34-88.19)

Ideal (no observations) (no observations)
Sleep?

<8 or >10 h/night 15.00% (9.19-23.51) 85.00% (76.48-90.80)

8-10 h/night 20.45% (13.21-30.28) 79.54% (69.71-86.78)

Physical Activity®

<420 min/week

29.41% (12.38-55.12)

70.58% (44.87-87.61)

>420 min/week

23.58% (18.31-29.81)

76.41% (70.18-81.68)

Sedentary Behavior®

>2h/day

22.97% (17.87-29.01)

77.02% (70.98-82.12)

<2h/day

57.14% (20.78-87.13)

42.85% (12.86-87.13)

Nutritional Status

Underweight 53.33% (28.49-76.62) 46.66% (23.37—71.50)
Ideal Weight 35.35% (22.41-34.99) 71.71% (65.00-77.58)
Overweight 43.05% (32.05-54.78) 56.94% (45.21-67.94)
(Continued)
PLOS One | https://doi.org/10.1371/journal.pone.0349440 June 3, 2026 1424




PLO\Sﬁ\\.- One

Table 2. (Continued)

Independent Variable

Low CVH (95% Cl)

Mod./High CVH (95% Cl)

Obesity

49.05% (35.81-62.43)

50.94% (37.56—64.18)

Blood Pressure

Hypertension

43.44% (35.00-52.07)

56.55% (47.93-65.00)

Elevated Blood Pressure

36.08% (29.59-43.11)

63.91% (56.88-70.40)

Ideal Blood Pressure

20.00% (10.64-34.41)

80.00% (65.58-89.35)

Cholesterol

<120 mg/dL

20.97% (15.90-27.13)

79.02% (72.86—84.09)

120—-144 mg/dL

29.62% (18.88-43.22)

70.37% (56.77-81.11)

2145 mg/dL

72.72% (39.72-91.51)

27.27% (8.48-60.67)

Glycemia®

<100 mg/dL

24.62% (19.80-30.17)

75.37% (69.82—80.19)

101-125 mg/dL

(no observations)

(no observations)

Iron Deficiency’

>50 ng/dL

25.10% (19.98-31.02)

74.89% (68.97-80.01)

<50 ng/dL

22.58% (10.98-40.79)

77.41% (59.20-89.01)

DBM"

Without DBM

29.07% (22.11-37.18)

70.92% (62.81-77.88)

With DBM

5.71% (1.39-20.66)

94.28% (79.33-98.60)

a — Cluster: grouped according to School Type, Maternal Education, and Household Income = (1) low maternal education and low household income;
(2) medium maternal education and family economic vulnerability; (3) high maternal education and better socioeconomic condition; b — hours of sleep
per night; ¢ — minutes of physical activity per week; d — hours of sedentary behavior per day; e — milligrams per deciliter of Non-High-Density Lipoprotein
Cholesterol; f — milligrams per deciliter of glucose; g — nanograms per milliliter of ferritin; h — DBM: category of Double Burden of Malnutrition (Over-
weight+Iron Deficiency).

https://doi.org/10.1371/journal.pone.0349440.t002

were also not significantly associated with CVH. These findings should be interpreted with caution, since DBM
includes overweight/obesity and the composite CVH score also includes BMI, introducing partial overlap between
exposure and outcome.

The final multilevel model (Table 4) did not demonstrate statistically significant associations between socioeconomic
cluster (PR=1.017; 95% CI1 0.778-1.331; p=0.901), DBM (PR=1.051; 95% CI 0.376—2.941; p=0.924), or behavioral vari-
ables and CVH. The random effect of the city was negligible, and the likelihood ratio test indicated no substantial improve-
ment compared to a simple Poisson model.

Despite the lack of statistical significance, a trend toward a higher prevalence of CVH was observed in older children.
The analysis also did not indicate a significant relationship between DBM and CVH, suggesting that, in the context of this
study, these factors do not influence the prevalence of CVH.

Furthermore, the random effect of the city was virtually negligible, indicating that variability between cities regarding
CVH is not significant. The likelihood ratio (LR) test confirmed that the mixed-effects model did not show substantial
improvement compared to a simple Poisson model.

Discussion

This study aimed to evaluate the prevalence of and test associations between DBM at the individual level and CVH in chil-
dren. Although the multilevel analysis did not show a significant association between DBM and CVH, the presence of this
condition in a portion of the pediatric population is concerning and warrants attention. DBM reflects the complexity of the
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Table 3. Prevalence Ratio (PR) of Ideal Cardiovascular Health according to Independent Variables among Brazilian children in the SAYCARE
Study, Brazil, 2024.

Independent Variable PR 95% ClI p-value
Cluster® 1,041 0,843-1,286 0,710
School Type 0,830 0,599-1,149 0,260
Maternal Education 0,989 0,870-1,124 0,864
Household Income 1,089 0,936—1,268 0,269
Biological Sex 1,011 0,775-1,317 0,937
Age 1,314 0,894—1,931 0,165
Diet 1,176 0,896—1,543 0,242
Sleep 0,936 0,682—1,284 0,681
Physical Activity 1,079 0,595-1,960 0,802
Sedentary Behavior 0,556 0,178-1,742 0,314
Nutritional Status 0,890 0,791-1,001 0,053
Blood Pressure 1,004 0,998-1,010 0,206
Cholesterol 0,773 0,577-1,036 0,085
Glucose 1,327 0,186-9,464 0,778
DBMP 0,811 0,400-1,645 0,562

PR=Prevalence Ratio; 95% Cl=95% Confidence Interval; a — Cluster: grouped according to School Type, Maternal Education, and Household Income;
b — DBM: category of Double Burden of Malnutrition (Overweight+Iron Deficiency). P-values <0.05 were considered significant, indicated in bold with an
asterisk (¥).

https://doi.org/10.1371/journal.pone.0349440.t003

nutritional transition in Brazil, where undernutrition and obesity coexist, often within the same individual or family [34]. This
phenomenon poses a particular public health challenge, as it combines the detrimental effects of both conditions, increas-
ing the risk of metabolic and cardiovascular comorbidities [9].

Prevalence of DBM

Sawaya et al. were pioneers in highlighting this duality at the family level, reporting that 9% of Brazilian households had
members living with both overweight and undernutrition [53]. In the present study, we observed that this coexistence also
manifests at the individual level, with a prevalence of 4.45% of Brazilian children simultaneously presenting obesity and
iron deficiency. Our findings show a prevalence higher than the 2.3% estimate reported for Brazil in a meta-analysis evalu-
ating DBM in Latin American children from 1988 to 2017 [55]. This meta-analysis, which included 88 estimates, found a
combined prevalence of overweight and stunting of 1.6% (95% CI: 0.016—0.017) for Latin America as a whole, highlighting
Brazil with a prevalence of 2.3% [54].

The higher prevalence observed in the present study may reflect methodological differences, temporal changes in the
population’s nutritional profile, or specific characteristics of the analyzed sample. However, these results reinforce the
complexity of the nutritional transition in Brazil, suggesting that malnutrition, whether due to excess or deficiency, does
not remain confined to family dynamics but is also expressed individually, possibly reflecting socioeconomic inequalities,
inadequate access to nutritious foods, and changes in dietary patterns and physical activity behaviors.

Iron deficiency and obesity

This study found a prevalence of 12.08% of iron deficiency among the children. This result is relevant, as iron deficiency
is a well-established risk factor for anemia development and for impaired cognitive and physical development in children
[56]. Its importance is even greater when considering the complex relationship between iron deficiency and obesity. A
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Table 4. Prevalence ratio of ideal cardiovascular health in the final multilevel model.

Independent Variable PR 95% ClI p-value
Cluster® 1,017 0,778-1,331 0,901
Biological Sex 0,995 0,678-1,461 0,980
Age 1,234 0,671-2,267 0,499
Sedentary Behavior 1,014 0,189-5,438 0,987
Diet 1,011 0,680—-1,503 0,958
Sleep 0,993 0,669-1,474 0,972
Physical Activity 1,008 0,401-2,536 0,986
DBMP 1,051 0,376-2,941 0,924
_cons 0,631 0,107-3,707 0,610

PR=Prevalence Ratio; 95% Cl=95% Confidence Interval; a — Cluster: grouped according to School Type, Maternal Education, and Household Income;
b — DBM: category of Double Burden of Malnutrition (Overweight+Iron Deficiency). None of the variables showed statistical significance (p<0.05).

https://doi.org/10.1371/journal.pone.0349440.t004

systematic review and meta-analysis including 41 studies with a total of 37,500 children with obesity revealed that obesity
is significantly associated with iron deficiency, with an odds ratio (OR) of 2.1 (95% CI: 1.4-3.2) [57]. This indicates that
overweight children have a 110% higher chance of presenting iron deficiency compared to children without obesity.

This relationship can be explained by complex biological mechanisms, in which low-grade chronic inflammation
plays a central role. Obesity is characterized by a persistent inflammatory state mediated by increased production
of proinflammatory cytokines, such as interleukin-6 (IL-6) and tumor necrosis factor-alpha (TNF-a). These cytokines
stimulate the production of hepcidin, a hormone that regulates iron metabolism in the liver. Hepcidin reduces intestinal
iron absorption and inhibits the release of iron from macrophages and hepatic stores, resulting in decreased circulat-
ing iron availability [58].

There is a bidirectional relationship between obesity and iron deficiency: obesity promotes inflammation and increased
hepcidin, leading to iron deficiency, while iron deficiency may exacerbate metabolic complications associated with
obesity, such as insulin resistance and chronic inflammation. Iron deficiency can worsen mitochondrial dysfunction and
oxidative stress, mechanisms that contribute to increased insulin resistance and the inflammatory profile in individuals
with obesity. This interaction creates a vicious cycle in which obesity and iron deficiency reinforce each other, amplifying
health risks [58].

This complex relationship may further harm children’s health, as iron deficiency can exacerbate the negative effects of
excess weight. In our findings, although no direct association between DCMN and CVH was identified, 22.58% of children
with low CVH presented iron deficiency. These results suggest that iron deficiency, in combination with obesity, may con-
tribute to increased risk of cardiovascular complications [59], highlighting the importance of monitoring both factors in the
pediatric population. Early identification and proper management of iron deficiency in children with obesity are essential to
interrupt this cycle and prevent adverse health outcomes.

Excess weight and cardiovascular health

Regarding nutritional status, excess weight was identified in 35.17% of children (19.15% overweight and 16.02% obese),
which aligns with global trends observed in low- and middle-income countries [55]. This scenario reinforces the growing
concern about the increase in childhood overweight, which, although recent, constitutes a public health problem with seri-
ous implications, such as an increased risk of NCDs.

Prevention of cardiovascular disease should begin in childhood, and the impact of overweight and obesity on pediatric
cardiovascular health is significant. A recent study showed that children with obesity had a significantly higher percentage
of developing hypertension (14.8%; 95% CI: 11.5-18.0), elevated total cholesterol and/or triglyceride levels (18%; 95%
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Cl: 15.3-20.7), insulin resistance (12.3%; 95% CI: 9.8—-14.8), and prediabetes (7.5%; 95% CI: 5.5-9.5) compared to
children with normal weight [60]. Identification of excess weight and cardiometabolic risk factors, such as hypertension,
dyslipidemia, and insulin resistance, is essential to prevent future complications.

Clinically, follow-up of children with excess weight should be accompanied by personalized interventions, such as
lifestyle modification programs. Family involvement is crucial, with educational actions promoting healthy habits and
reducing consumption of foods high in sugar, salt, and saturated fats. Additionally, attention to mental health should not be
neglected, with early identification of disorders such as depression and anxiety, which can lead to risky behaviors like poor
diet and sedentary lifestyle.

From a public policy perspective, integrated strategies promoting healthy environments are important, such as
regulating food availability in schools and promoting safe public spaces for physical activity. Regulating marketing
practices targeting children, especially for unhealthy foods, can play an important role in reducing excessive calorie
consumption and improving diet quality. Implementation of these measures in an integrated, multisectoral manner
can improve children’s cardiovascular health and reduce NCD burden in adulthood, ensuring a healthier future for
upcoming generations.

Health behaviors and cardiovascular health

Adequate physical activity and a balanced diet were more prevalent in the moderate/high CVH category compared to low
physical activity and inadequate diet, although these associations were not statistically significant. These results align with
the literature, highlighting the importance of healthy habits from childhood for preventing cardiovascular diseases in adult-
hood. A systematic review analyzing 53 studies with 26,045 children showed that lifestyle interventions combining nutrition
and physical activity were effective in reducing BMI and improving cardiometabolic risk factors, such as adiposity, blood
pressure, lipid levels, and glycemia [61].

Sedentary behavior, in turn, showed a trend toward higher prevalence of low CVH, present in 90.83% of children in our
study. Research highlights sedentary behavior as a modifiable risk factor for cardiovascular health in children and ado-
lescents. Reallocating 30—60 minutes daily from sedentary time to MVPA was associated with significant improvements
in cardiovascular markers, including reductions in LDL cholesterol (-0.18 mmol/L), triglycerides (—0.12 mmol/L), systolic
blood pressure (-2.5 mmHg), and increases in HDL cholesterol (+0.10 mmol/L). Substituting sedentary time with light
physical activity (LPA) also showed benefits, though to a lesser extent, reinforcing that even small lifestyle changes can
have a positive impact [62].

School and community policies encouraging regular physical activity and reducing sedentary behavior are highly
relevant for children. In schools, programs incorporating daily physical activities, such as PE classes, active recess, and
movement breaks during lessons, can improve children’s cardiovascular health. Creating school environments that limit
screen time and promote active play is essential. In the community, the availability of safe, accessible public spaces, such
as parks, bike lanes, and sports courts, can encourage physical activity outside school.

Reducing sedentary behavior should also be addressed through educational strategies that raise awareness among
families and caregivers about the risks of excessive screen time and the importance of limiting these activities. Awareness
campaigns about the benefits of an active lifestyle are necessary and should be incorporated into children’s daily rou-
tines, such as promoting active transport (walking and cycling). Integrating these strategies into multisectoral policies can
expand their impact, ensuring children have opportunities to move and adopt healthy habits from an early age.

Health factors and cardiovascular health

Most children in this study had non-HDL cholesterol levels within ideal parameters, while elevated non-HDL cholesterol
showed a trend associated with lower prevalence of moderate/high CVH. This finding aligns with previous studies high-
lighting dyslipidemia as a significant risk factor for cardiovascular disease from childhood that persists into adulthood and
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increases the risk of early cardiovascular events [63]. Early identification and management of dyslipidemia are essential to
reduce the global burden of cardiovascular disease.

Hypertension was present in 30.11% of children. Prevalence of hypertension in children has been documented in
various studies, ranging from 4% to 30% depending on the population and diagnostic criteria used [64]. These findings
underscore the importance of early blood pressure monitoring, especially in children with risk factors such as obesity and
sedentary lifestyle.

Socioeconomic factors and cardiovascular health

Moderate/high CVH prevalence was higher in children from families with better socioeconomic conditions (AEMC cluster),
corroborating previous studies [65,66] highlighting the influence of socioeconomic status on cardiovascular health. This
clustering approach was used as an exploratory descriptive summary of socioeconomic profiles and should be interpreted
as complementary to conventional socioeconomic indicators. The observed pattern may be explained by several inter-
related mechanisms. First, families with higher maternal education and income tend to have greater access to healthy
foods, such as fruits, vegetables, and high-quality protein, while lower-income families may rely on cheaper, less nutritious
ultraprocessed foods. Maternal education is also associated with greater knowledge of health and nutrition practices,
which can positively influence children’s dietary choices.

Another relevant factor is access to safe environments conducive to physical activity. Children from higher-income fam-
ilies often live in neighborhoods with adequate infrastructure, such as parks, bike lanes, and recreational areas, whereas
lower-income families may face barriers such as lack of safe spaces or urban violence, limiting opportunities for exercise.
Additionally, access to preventive healthcare, such as regular medical consultations and health promotion programs, is
more common in families with better socioeconomic conditions, contributing to early detection and management of cardio-
vascular risk factors.

Policies supporting vulnerable families, such as subsidies for purchasing nutritious foods and expansion of food secu-
rity programs like the National School Feeding Program (PNAE) [67], can reduce socioeconomic inequalities contributing
to childhood obesity. Strengthening the health system, with professional training and expanded access to preventive
services, is essential for ensuring comprehensive and effective care.

However, the lack of statistical significance in the multilevel analysis suggests that other factors not captured in this
study may influence CVH. For example, cultural aspects, social support networks, and local public policies may play
important roles in modulating these associations. Future studies could explore these variables in more detail, as well as
investigate how interventions targeting low-income families could reduce disparities in pediatric cardiovascular health.

This study has several strengths worth highlighting. First, the use of a representative sample of Brazilian children, strat-
ified by school type and region, provides a comprehensive view of pediatric cardiovascular health in a context of nutritional
transition. Second, applying standardized and validated data collection methods, including anthropometric measurements,
blood pressure assessment, and biomarker analysis, ensures result reliability. Third, the inclusion of multiple sociodemo-
graphic, behavioral, and biomedical factors in the analysis provides a more holistic understanding of CVH determinants.

The prevalence of overweight children reflects a concerning trend in rising childhood obesity, with direct implications
for cardiovascular and public health. Although the association between overweight and low CVH did not reach statistical
significance, nearly half of children with overweight and obesity were in this group, compared to 35.35% of children with
ideal weight. This may suggest a trend of increased risk for cardiometabolic problems in children with overweight and obe-
sity. Even without statistical significance, children with adequate dietary habits and higher levels of physical activity tend
to have better cardiovascular health, reinforcing the need to promote these behaviors from childhood. The results under-
score the importance of continuous monitoring of behaviors and health factors in the pediatric population.

Despite these strengths, the study has some limitations. The cross-sectional design prevents causal inference, limiting
our ability to establish temporal relationships between DBM and CVH. In particular, the possibility of reverse causality
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cannot be ruled out, as it is not possible to determine whether DBM influences cardiovascular health or whether pre-
existing cardiometabolic alterations may contribute to nutritional imbalances. To minimize this limitation, we adopted a
theoretically grounded analytical framework supported by a directed acyclic graph (DAG), which guided covariate selec-
tion and reduced inappropriate statistical adjustments.

An additional limitation is the partial overlap between the exposure and outcome definitions in the association analyses.
DBM was defined by the coexistence of overweight/obesity and iron deficiency, whereas BMI is also a component of the
composite CVH score. This shared component may reduce the independence between exposure and outcome and limits
the interpretability of the estimated association, even though no statistically significant association was observed in the
main model.

Contextual limitation is that data collection occurred between September 2019 and December 2022, overlapping with
the COVID-19 pandemic. Pandemic-related disruptions, including school closures, reduced opportunities for physical
activity, changes in daily routines, and increased sedentary behavior, may have influenced behavioral and cardiovascular
health indicators in the study population. Therefore, these findings should be interpreted considering the possible impact
of this period on children’s lifestyle patterns.

Objective measurements were used for key exposures and outcomes (e.g., accelerometry, biochemical markers, and
standardized anthropometry), reducing measurement bias. Nevertheless, longitudinal studies are necessary to clarify tem-
poral directionality and causal pathways. Additionally, other factors not captured in this study, such as diet quality, environ-
mental pollutant exposure, and access to healthcare, may influence CVH more significantly.

Conclusion

This study showed that most children presented moderate/high CVH; however, factors such as excess weight, sedentary
behavior, and inadequate diet may pose risks. The presence of DBM in 4.45% of children highlights the complexity of the
nutritional transition in Brazil, emphasizing the coexistence of obesity and nutritional deficiencies. Although no significant
association between DBM and CVH was found, this finding underscores the importance of integrated strategies that con-
sider social, behavioral, and biomedical determinants of pediatric cardiovascular health.

The findings reinforce the need for public policies promoting prevention of childhood obesity and adoption of healthy
habits from early childhood, including regular physical activity, reduced sedentary time, and improved diet quality. Addi-
tionally, interventions that reduce socioeconomic inequalities and expand access to preventive care are crucial for ensur-
ing better cardiovascular health in children. For example, school-based programs that integrate structured daily physical
activity, nutrition education focused on reducing ultra-processed food consumption, and routine screening for iron defi-
ciency within primary healthcare services may represent feasible and scalable strategies to address both DBM and cardio-
vascular risk.

For future directions, longitudinal studies with larger samples are needed to deepen the understanding of CVH determi-
nants in Brazilian children. Further research on DBM is also essential to evaluate its long-term impact and guide effective
prevention and management strategies.

Supporting information

S$1 Fig. Directed acyclic graph (DAG) representing the assumed relationships among the double burden of malnu-
trition, cardiovascular health, behavioral factors, and sociodemographic covariates.
(PNG)

Author contributions
Conceptualization: Augusto César Ferreira De Moraes.
Data curation: Raytta Silva Viana, Marcus Vinicius Nascimento-Ferreira, Augusto César Ferreira De Moraes.

PLOS One | https://doi.org/10.137 1/journal.pone.0349440 June 3, 2026 20/24



http://journals.plos.org/plosone/article/asset?unique&id=info:doi/10.1371/journal.pone.0349440.s001

PLO\Sﬁ\\.- One

Formal analysis: Raytta Silva Viana, Augusto César Ferreira De Moraes.
Funding acquisition: Augusto César Ferreira De Moraes.

Investigation: Raytta Silva Viana, Augusto César Ferreira De Moraes.
Methodology: Raytta Silva Viana, Augusto César Ferreira De Moraes.
Project administration: Raytta Silva Viana, Augusto César Ferreira De Moraes.
Resources: Raytta Silva Viana, Augusto César Ferreira De Moraes.
Software: Raytta Silva Viana, Augusto César Ferreira De Moraes.
Supervision: Raytta Silva Viana, Augusto César Ferreira De Moraes.
Validation: Raytta Silva Viana, Augusto César Ferreira De Moraes.
Visualization: Raytta Silva Viana, Augusto César Ferreira De Moraes.
Writing — original draft: Raytta Silva Viana.

Writing — review & editing: Raytta Silva Viana, Marcus Vinicius Nascimento-Ferreira, Augusto César Ferreira De
Moraes.

References

1. Popkin BM. Global nutrition dynamics: the world is shifting rapidly toward a diet linked with noncommunicable diseases. Am J Clin Nutr.
2006;84(2):289-98. https://doi.org/10.1093/ajcn/84.1.289 PMID: 16895874

2. World Health Organization (WHO). The Double Burden of Malnutrition: Policy brief [Internet]. Geneva: WHO; 2017. [cited 2026 Mar 5]. Available
from: https://www.who.int/

3. Black RE, Victora CG, Walker SP, Bhutta ZA, Christian P, de Onis M, et al. Maternal and child undernutrition and overweight in low-income and
middle-income countries. Lancet. 2013;382(9890):427-51. https://doi.org/10.1016/S0140-6736(13)60937-X PMID: 23746772

4. Prado EL, Dewey KG. Nutrition and brain development in early life. Nutr Rev. 2014;72(4):267-84. https://doi.org/10.1111/nure.12102 PMID:
24684384

5. Davis JN, Oaks BM, Engle-Stone R. The double burden of malnutrition: a systematic review of operational definitions. Curr Dev Nutr.
2020;4(9):nzaa127. https://doi.org/10.1093/cdn/nzaa127 PMID: 32885132

6. McClung JP, Karl JP. Iron deficiency and obesity: the contribution of inflammation and diminished iron absorption. Nutr Rev. 2009;67(2):100—4.
https://doi.org/10.1111/j.1753-4887.2008.00145.x PMID: 19178651

7. United Nations (UN). Transforming our world: the 2030 Agenda for Sustainable Development [Internet]. New York: United Nations; 2015. [cited
2026 Mar 5]. Available from: https://sdgs.un.org/2030agenda

8. Global Nutrition Report. The State of Global Nutrition: Progress towards global nutrition targets [Internet]. 2021. [cited 2026 Mar 5]. Available from:
https://www.un.org/nutrition/sites/www.un.org.nutrition/files/global_nutrition_report_2021.pdf

9. Wells JC, Sawaya AL, Wibaek R, Mwangome M, Poullas MS, Yajnik CS, et al. The double burden of malnutrition: aetiological pathways and conse-
quences for health. Lancet. 2020;395(10217):75-88. https://doi.org/10.1016/S0140-6736(19)32472-9 PMID: 31852605

10. Abdullah A. The double burden of undernutrition and overnutrition in developing countries: an update. Curr Obes Rep. 2015;4(3):337—49. https://
doi.org/10.1007/s13679-015-0170-y PMID: 26627492

11. Tzioumis E, Adair LS. Childhood dual burden of under- and overnutrition in low- and middle-income countries: a critical review. Food Nutr Bull.
2014;35(2):230—43. https://doi.org/10.1177/156482651403500210 PMID: 25076771

12. Nadeau KJ, Maahs DM, Daniels SR, Eckel RH. Childhood obesity and cardiovascular disease: links and prevention strategies. Nat Rev Cardiol.
2011;8(9):513-25. https://doi.org/10.1038/nrcardio.2011.86 PMID: 21670745

13. Jamshidi Y, Gibson P, Ray KK. Undernutrition in adolescence and risk of cardiovascular disease. Eur Heart J. 2012;33(4):433-5. https://doi.
org/10.1093/eurheartj/ehr270 PMID: 21868475

14. Berenson GS, Srinivasan SR, Bao W, Newman WP 3rd, Tracy RE, Wattigney WA. Association between multiple cardiovascular risk factors
and atherosclerosis in children and young adults. The Bogalusa Heart Study. N Engl J Med. 1998;338(23):1650-6. https://doi.org/10.1056/
NEJM199806043382302 PMID: 9614255

15. Barker DJP, Osmond C, Forsén TJ, Kajantie E, Eriksson JG. Trajectories of growth among children who have coronary events as adults. N Engl J
Med. 2005;353(17):1802-9. https://doi.org/10.1056/NEJMoa044160 PMID: 16251536

PLOS One | https://doi.org/10.1371/journal.pone.0349440 June 3, 2026 21/24



https://doi.org/10.1093/ajcn/84.1.289
http://www.ncbi.nlm.nih.gov/pubmed/16895874
https://www.who.int/
https://doi.org/10.1016/S0140-6736(13)60937-X
http://www.ncbi.nlm.nih.gov/pubmed/23746772
https://doi.org/10.1111/nure.12102
http://www.ncbi.nlm.nih.gov/pubmed/24684384
https://doi.org/10.1093/cdn/nzaa127
http://www.ncbi.nlm.nih.gov/pubmed/32885132
https://doi.org/10.1111/j.1753-4887.2008.00145.x
http://www.ncbi.nlm.nih.gov/pubmed/19178651
https://sdgs.un.org/2030agenda
https://www.un.org/nutrition/sites/www.un.org.nutrition/files/global_nutrition_report_2021.pdf
https://doi.org/10.1016/S0140-6736(19)32472-9
http://www.ncbi.nlm.nih.gov/pubmed/31852605
https://doi.org/10.1007/s13679-015-0170-y
https://doi.org/10.1007/s13679-015-0170-y
http://www.ncbi.nlm.nih.gov/pubmed/26627492
https://doi.org/10.1177/156482651403500210
http://www.ncbi.nlm.nih.gov/pubmed/25076771
https://doi.org/10.1038/nrcardio.2011.86
http://www.ncbi.nlm.nih.gov/pubmed/21670745
https://doi.org/10.1093/eurheartj/ehr270
https://doi.org/10.1093/eurheartj/ehr270
http://www.ncbi.nlm.nih.gov/pubmed/21868475
https://doi.org/10.1056/NEJM199806043382302
https://doi.org/10.1056/NEJM199806043382302
http://www.ncbi.nlm.nih.gov/pubmed/9614255
https://doi.org/10.1056/NEJMoa044160
http://www.ncbi.nlm.nih.gov/pubmed/16251536

PLO\Sﬁ\\.- One

16.

17.

18.

19.
20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Freedman DS, Khan LK, Serdula MK, Dietz WH, Srinivasan SR, Berenson GS. The relation of childhood BMI to adult adiposity: the Bogalusa
Heart Study. Pediatrics. 2005;115(1):22—7. https://doi.org/10.1542/peds.2004-0220 PMID: 15629977

Lopez A, Cacoub P, Macdougall IC, Peyrin-Biroulet L. Iron deficiency anaemia. Lancet. 2016;387(10021):907—16. https://doi.org/10.1016/S0140-
6736(15)60865-0 PMID: 26314490

Beard JL. Iron biology in immune function, muscle metabolism and neuronal functioning. J Nutr. 2001;131(2S-2):568S-579S; discussion 580S.
https://doi.org/10.1093/jn/131.2.568S PMID: 11160590

Beard J, Tobin B. Iron status and exercise. Am J Clin Nutr. 2000;72(2 Suppl):594S-7S. https://doi.org/10.1093/ajcn/72.2.594S PMID: 10919965

Gonzalez-Dominguez A, Visiedo-Garcia FM, Dominguez-Riscart J, Gonzalez-Dominguez R, Mateos RM, Lechuga-Sancho AM. Iron metabolism in
obesity and metabolic syndrome. Int J Mol Sci. 2020;21(15):5529. https://doi.org/10.3390/ijms21155529 PMID: 32752277

World Health Organization (WHO). Report of the Commission on Ending Childhood Obesity [Internet]. Geneva: WHO; 2016. [cited 2026 Mar 5].
Available from: https://www.who.int/publications/i/item/9789241510066

Global Burden of Disease Study. Global Burden of Disease Study 2019: Child and Adolescent Health [Internet]. 2020. [cited 2026 Mar 5]. Available
from: https://www.thelancet.com/gbd

Weihrauch-Bluher S, Schwarz P, Klusmann J-H. Childhood obesity: increased risk for cardiometabolic disease and cancer in adulthood. Metabo-
lism. 2019;92:147-52. https://doi.org/10.1016/j.metabol.2018.12.001 PMID: 30529454

Raitakari O, Pahkala K, Magnussen CG. Prevention of atherosclerosis from childhood. Nat Rev Cardiol. 2022;19(8):543-54. https://doi.
org/10.1038/s41569-021-00647-9 PMID: 34987194

Li S, Chen W, Srinivasan SR, Bond MG, Tang R, Urbina EM, et al. Childhood cardiovascular risk factors and carotid vascular changes in adult-
hood: the Bogalusa Heart Study. JAMA. 2003;290(17):2271-6. https://doi.org/10.1001/jama.290.17.2271 PMID: 14600185

Lloyd-Jones DM, Allen NB, Anderson CAM, Black T, Brewer LC, Foraker RE, et al. Life’s essential 8: updating and enhancing the American Heart
Association’s Construct of Cardiovascular Health: a presidential advisory from the American Heart Association. Circulation. 2022;146(5):e18—43.
https://doi.org/10.1161/CIR.0000000000001078 PMID: 35766027

Popkin BM, Corvalan C, Grummer-Strawn LM. Dynamics of the double burden of malnutrition and the changing nutrition reality. Lancet.
2020;395(10217):65-74. https://doi.org/10.1016/S0140-6736(19)32497-3 PMID: 31852602

Winichagoon P, Margetts BM. The double burden of malnutrition in low- and middle-income countries. In: Romieu |, Dossus L, Willett WC, editors.
Energy Balance and Obesity. Lyon (FR): International Agency for Research on Cancer; 2017.

UNICEF. The State of the World’s Children 2019: Children, food and nutrition — Growing well in a changing world [Internet]. New York: UNICEF;
2019. [cited 2026 Mar 5]. Available from: https://www.unicef.org/reports/state-of-worlds-children-2019

Hawkes C, Ruel MT, Salm L, Sinclair B, Branca F. Double-duty actions: seizing programme and policy opportunities to address malnutrition in all its
forms. Lancet. 2020;395(10218):142-55. https://doi.org/10.1016/S0140-6736(19)32506-1 PMID: 31852603

Monteiro CA, Cannon G, Moubarac J-C, Levy RB, Louzada MLC, Jaime PC. The UN Decade of Nutrition, the NOVA food classification and the
trouble with ultra-processing. Public Health Nutr. 2018;21(1):5-17. https://doi.org/10.1017/S1368980017000234 PMID: 28322183

Carvalho HB, Moreno LA, Silva AM, Berg G, Estrada-Restrepo A, Gonzalez-Zapata LI, et al. Design and Objectives of the South American Youth/
Child Cardiovascular and Environmental (SAYCARE) Study. Obesity. 2018;26(S1). https://doi.org/10.1002/0by.22117

WHO Expert Committee on Physical Status; World Health Organization. Physical status: the use and interpretation of anthropometry: report

of a WHO expert committee [Internet]. Geneva: World Health Organization; 1995. [cited 2026 Mar 5]. Available from: https://iris.who.int/
handle/10665/37003

Skapino E, Rendo Urteaga T, de Miguel-Etayo P, Estrada-Restrepo A, Delgado CA, de Araujo-Moura K, et al. Intra-observer reliability of the
anthropometric measurements in South American children and adolescents: the SAYCARE Study. Nutr Hosp. 2019;36(5):1109-15. https://doi.
0rg/10.20960/nh.02482 PMID: 31475844

ActiGraph. ActiGraph GT9X Link [Internet]. Pensacola (FL): ActiGraph, LLC; [cited 2026 Mar 5]. Available from: https://www.actigraphcorp.com/

Ward DS, Evenson KR, Vaughn A, Rodgers AB, Troiano RP. Accelerometer use in physical activity: best practices and research recommendations.
Med Sci Sports Exerc. 2005;37(11 Suppl):S582-8. https://doi.org/10.1249/01.mss.0000185292.71933.91 PMID: 16294121

Evenson KR, Catellier DJ, Gill K, Ondrak KS, McMurray RG. Calibration of two objective measures of physical activity for children. J Sports Sci.
2008;26(14):1557—65. https://doi.org/10.1080/026404 10802334196 PMID: 18949660

Ojiambo R, Cuthill R, Budd H, Konstabel K, Casajus JA, Gonzalez-Aglero A, et al. Impact of methodological decisions on accelerometer outcome
variables in young children. Int J Obes (Lond). 2011;35 Suppl 1:S98-103. https://doi.org/10.1038/ijo.2011.40 PMID: 21483428

Trost SG, Loprinzi PD, Moore R, Pfeiffer KA. Comparison of accelerometer cut points for predicting activity intensity in youth. Med Sci Sports
Exerc. 2011;43(7):1360-8. https://doi.org/10.1249/MSS.0b013e318206476e PMID: 21131873

Ruiz JR, Ortega FB, Martinez-Gémez D, Labayen |, Moreno LA, De Bourdeaudhuij |, et al. Objectively measured physical activity and sedentary
time in European adolescents: the HELENA study. Am J Epidemiol. 2011;174(2):173-84. https://doi.org/10.1093/aje/kwr068 PMID: 21467152

Tremblay MS, Leblanc AG, Janssen |, Kho ME, Hicks A, Murumets K, et al. Canadian sedentary behaviour guidelines for children and youth. Appl
Physiol Nutr Metab. 2011;36(1):59-64; 65—71. https://doi.org/10.1139/H11-012 PMID: 21326378

PLOS One | https://doi.org/10.1371/journal.pone.0349440 June 3, 2026 22 /24



https://doi.org/10.1542/peds.2004-0220
http://www.ncbi.nlm.nih.gov/pubmed/15629977
https://doi.org/10.1016/S0140-6736(15)60865-0
https://doi.org/10.1016/S0140-6736(15)60865-0
http://www.ncbi.nlm.nih.gov/pubmed/26314490
https://doi.org/10.1093/jn/131.2.568S
http://www.ncbi.nlm.nih.gov/pubmed/11160590
https://doi.org/10.1093/ajcn/72.2.594S
http://www.ncbi.nlm.nih.gov/pubmed/10919965
https://doi.org/10.3390/ijms21155529
http://www.ncbi.nlm.nih.gov/pubmed/32752277
https://www.who.int/publications/i/item/9789241510066
https://www.thelancet.com/gbd
https://doi.org/10.1016/j.metabol.2018.12.001
http://www.ncbi.nlm.nih.gov/pubmed/30529454
https://doi.org/10.1038/s41569-021-00647-9
https://doi.org/10.1038/s41569-021-00647-9
http://www.ncbi.nlm.nih.gov/pubmed/34987194
https://doi.org/10.1001/jama.290.17.2271
http://www.ncbi.nlm.nih.gov/pubmed/14600185
https://doi.org/10.1161/CIR.0000000000001078
http://www.ncbi.nlm.nih.gov/pubmed/35766027
https://doi.org/10.1016/S0140-6736(19)32497-3
http://www.ncbi.nlm.nih.gov/pubmed/31852602
https://www.unicef.org/reports/state-of-worlds-children-2019
https://doi.org/10.1016/S0140-6736(19)32506-1
http://www.ncbi.nlm.nih.gov/pubmed/31852603
https://doi.org/10.1017/S1368980017000234
http://www.ncbi.nlm.nih.gov/pubmed/28322183
https://doi.org/10.1002/oby.22117
https://iris.who.int/handle/10665/37003
https://iris.who.int/handle/10665/37003
https://doi.org/10.20960/nh.02482
https://doi.org/10.20960/nh.02482
http://www.ncbi.nlm.nih.gov/pubmed/31475844
https://www.actigraphcorp.com/
https://doi.org/10.1249/01.mss.0000185292.71933.91
http://www.ncbi.nlm.nih.gov/pubmed/16294121
https://doi.org/10.1080/02640410802334196
http://www.ncbi.nlm.nih.gov/pubmed/18949660
https://doi.org/10.1038/ijo.2011.40
http://www.ncbi.nlm.nih.gov/pubmed/21483428
https://doi.org/10.1249/MSS.0b013e318206476e
http://www.ncbi.nlm.nih.gov/pubmed/21131873
https://doi.org/10.1093/aje/kwr068
http://www.ncbi.nlm.nih.gov/pubmed/21467152
https://doi.org/10.1139/H11-012
http://www.ncbi.nlm.nih.gov/pubmed/21326378

PLO\Sﬁ\\.- One

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.
52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

Meltzer LJ, Montgomery-Downs HE, Insana SP, Walsh CM. Use of actigraphy for assessment in pediatric sleep research. Sleep Med Rev.
2012;16(5):463-75. https://doi.org/10.1016/j.smrv.2011.10.002 PMID: 22424706

Meltzer LJ, Wong P, Biggs SN, Traylor J, Kim JY, Bhattacharjee R, et al. Validation of actigraphy in middle childhood. Sleep. 2016;39(6):1219-24.
https://doi.org/10.5665/sleep.5836 PMID: 27091520

Pickering TG, Hall JE, Appel LJ, Falkner BE, Graves J, Hill MN, et al. Recommendations for blood pressure measurement in humans and
experimental animals: Part 1: blood pressure measurement in humans: a statement for professionals from the Subcommittee of Professional and
Public Education of the American Heart Association Council on High Blood Pressure Research. Hypertension. 2005;45(1):142—61. https://doi.
org/10.1161/01.HYP.0000150859.47929.8e PMID: 15611362

Aratjo-Moura K, De Moraes ACF, Forkert ECO, Berg G, Cucato GG, Forjaz CLDM, et al. Is the measurement of blood pressure by automatic
monitor in the South American Pediatric Population Accurate? SAYCARE Study. Obesity (Silver Spring). 2018;26 Suppl 1:S41-6. https://doi.
org/10.1002/0by.22119 PMID: 29464919

Araujo-Moura K, Souza LG, Mello GL, De Moraes ACF. Blood pressure measurement in pediatric population: comparison between automated
oscillometric devices and mercury sphygmomanometers-a systematic review and meta-analysis. Eur J Pediatr. 2022;181(1):9-22. https://doi.
org/10.1007/s00431-021-04171-3 PMID: 34272985

Becton Dickinson. BD Vacutainer Blood Collection System [Internet]. Franklin Lakes (NJ): Becton, Dickinson and Company. [cited 2026 Mar 5].
Available from: https://www.bd.com/

De Moraes ACF, Forkert ECO, Vilanova-Campelo RC, Gonzalez-Zapata LI, Azzaretti L, Iguacel I, et al. Measuring Socioeconomic Status and Envi-
ronmental Factors in the SAYCARE Study in South America: Reliability of the Methods. Obesity (Silver Spring). 2018;26 Suppl 1:5S14-22. https://
doi.org/10.1002/0by.22115 PMID: 29464918

World Bank. World Bank country and lending groups [Internet]. Washington (DC): World Bank; [cited 2026 Mar 5]. Available from: https://datahelp-
desk.worldbank.org/knowledgebase/articles/906519-world-bank-country-and-lending-groups

World Health Organization. Equity, social determinants and public health programmes [Internet]. Geneva: WHO; 2010. [cited 2026 Mar 5]. Available
from: https://www.who.int/publications/i/item/9789241563970

Willett W. Nutritional Epidemiology. 3rd ed. New York: Oxford University Press; 2013.

Cole TJ, Lobstein T. Extended international (IOTF) body mass index cut-offs for thinness, overweight and obesity. Pediatr Obes. 2012;7(4):284—-94.
https://doi.org/10.1111/j.2047-6310.2012.00064.x PMID: 22715120

Namaste SM, Rohner F, Huang J, Bhushan NL, Flores-Ayala R, Kupka R, et al. Adjusting ferritin concentrations for inflammation: Biomarkers
Reflecting Inflammation and Nutritional Determinants of Anemia (BRINDA) project. Am J Clin Nutr. 2017;106(Suppl 1):359S-371S. https://doi.
org/10.3945/ajcn.116.141762 PMID: 28615259

Milligan GW, Cooper MC. An examination of procedures for determining the number of clusters in a data set. Psychometrika. 1985;50(2):159-79.
https://doi.org/10.1007/bf02294245

Berton PF, Gambero A. Hepcidin and inflammation associated with iron deficiency in childhood obesity - a systematic review. J Pediatr (Rio J).
2024;100(2):124-31. https://doi.org/10.1016/j.jped.2023.06.002 PMID: 37541648

Sawaya AL, Dallal G, Solymos G, de Sousa MH, Ventura ML, Roberts SB, et al. Obesity and malnutrition in a Shantytown population in the city of
Sao Paulo, Brazil. Obes Res. 1995;3 Suppl 2:107s—15s. https://doi.org/10.1002/j.1550-8528.1995.tb00453.x PMID: 8581766

Sagastume D, Barrenechea-Pulache A, Ruiz-Alejos A, Polman K, Berova L, Ramirez-Zea M, et al. Quantifying overlapping forms of malnutri-
tion across Latin America: a systematic literature review and meta-analysis of prevalence estimates. Adv Nutr. 2024;15(5):100212. https://doi.
org/10.1016/j.advnut.2024.100212 PMID: 38493876

Stoltzfus RJ. Iron deficiency: global prevalence and consequences. Food Nutr Bull. 2003;24(4 Suppl):S99-103. https://doi.org/10.1177/156482650
302445206 PMID: 17016951

Wang T, Zhao L, Gao L, Pan A, Xue H. Obesity in young children and its relationship with diagnosis of asthma, vitamin D deficiency, iron defi-
ciency, specific allergies and flat-footedness: a systematic review and meta-analysis. Front Pediatr. 2023;11:631978. https://doi.org/10.3389/
fped.2023.631978

Yildirim O, Demircan T, Tiifekgi O, Kizilca ©, Kuyum P, Kir M, et al. Anemia and its effect on cardiovascular findings in obese adolescents. Turk J
Haematol. 2018;35(3):192—6. https://doi.org/10.4274/tjh.2018.0103 PMID: 29666035

Jaacks LM, Vandevijvere S, Pan A, McGowan CJ, Wallace C, Imamura F, et al. The obesity transition: stages of the global epidemic. Lancet Diabe-
tes Endocrinol. 2019;7(3):231-40. https://doi.org/10.1016/S2213-8587(19)30026-9 PMID: 30704950

Rees A, Thomas N, Brophy S, Knox G, Williams R. Cross sectional study of childhood obesity and prevalence of risk factors for cardiovascular
disease and diabetes in children aged 11-13. BMC Public Health. 2009;9:86. https://doi.org/10.1186/1471-2458-9-86 PMID: 19317914

Obita G, Alkhatib A. Effectiveness of lifestyle nutrition and physical activity interventions for childhood obesity and associated comorbidities among
children from minority ethnic groups: a systematic review and meta-analysis. Nutrients. 2023;15(11):2524. https://doi.org/10.3390/nu15112524
PMID: 37299488

Volpato LA, Costa JC, Lopes WA, Sasaki JE, Romanzini CLP, Ronque ERYV, et al. Time Reallocations from sedentary behavior to physical activity
and cardiovascular risk factors in children and adolescents: a systematic review. J Phys Act Health. 2023;20(12):1084-91. https://doi.org/10.1123/
jpah.2022-0471 PMID: 37704195

PLOS One | https://doi.org/10.1371/journal.pone.0349440 June 3, 2026 23/24



https://doi.org/10.1016/j.smrv.2011.10.002
http://www.ncbi.nlm.nih.gov/pubmed/22424706
https://doi.org/10.5665/sleep.5836
http://www.ncbi.nlm.nih.gov/pubmed/27091520
https://doi.org/10.1161/01.HYP.0000150859.47929.8e
https://doi.org/10.1161/01.HYP.0000150859.47929.8e
http://www.ncbi.nlm.nih.gov/pubmed/15611362
https://doi.org/10.1002/oby.22119
https://doi.org/10.1002/oby.22119
http://www.ncbi.nlm.nih.gov/pubmed/29464919
https://doi.org/10.1007/s00431-021-04171-3
https://doi.org/10.1007/s00431-021-04171-3
http://www.ncbi.nlm.nih.gov/pubmed/34272985
https://www.bd.com/
https://doi.org/10.1002/oby.22115
https://doi.org/10.1002/oby.22115
http://www.ncbi.nlm.nih.gov/pubmed/29464918
https://datahelpdesk.worldbank.org/knowledgebase/articles/906519-world-bank-country-and-lending-groups
https://datahelpdesk.worldbank.org/knowledgebase/articles/906519-world-bank-country-and-lending-groups
https://www.who.int/publications/i/item/9789241563970
https://doi.org/10.1111/j.2047-6310.2012.00064.x
http://www.ncbi.nlm.nih.gov/pubmed/22715120
https://doi.org/10.3945/ajcn.116.141762
https://doi.org/10.3945/ajcn.116.141762
http://www.ncbi.nlm.nih.gov/pubmed/28615259
https://doi.org/10.1007/bf02294245
https://doi.org/10.1016/j.jped.2023.06.002
http://www.ncbi.nlm.nih.gov/pubmed/37541648
https://doi.org/10.1002/j.1550-8528.1995.tb00453.x
http://www.ncbi.nlm.nih.gov/pubmed/8581766
https://doi.org/10.1016/j.advnut.2024.100212
https://doi.org/10.1016/j.advnut.2024.100212
http://www.ncbi.nlm.nih.gov/pubmed/38493876
https://doi.org/10.1177/15648265030244S206
https://doi.org/10.1177/15648265030244S206
http://www.ncbi.nlm.nih.gov/pubmed/17016951
https://doi.org/10.3389/fped.2023.631978
https://doi.org/10.3389/fped.2023.631978
https://doi.org/10.4274/tjh.2018.0103
http://www.ncbi.nlm.nih.gov/pubmed/29666035
https://doi.org/10.1016/S2213-8587(19)30026-9
http://www.ncbi.nlm.nih.gov/pubmed/30704950
https://doi.org/10.1186/1471-2458-9-86
http://www.ncbi.nlm.nih.gov/pubmed/19317914
https://doi.org/10.3390/nu15112524
http://www.ncbi.nlm.nih.gov/pubmed/37299488
https://doi.org/10.1123/jpah.2022-0471
https://doi.org/10.1123/jpah.2022-0471
http://www.ncbi.nlm.nih.gov/pubmed/37704195

PLO\S\%- One

65. Jankovi¢ J, Mandi¢-Rajcevi¢ S, Davidovi¢ M, Jankovi¢ S. Demographic and socioeconomic inequalities in ideal cardiovascular health: a systematic
review and meta-analysis. PLoS One. 2021;16(8):€0255959. https://doi.org/10.1371/journal.pone.0255959 PMID: 34379696

66. Qureshi F, Yu B, DeFina LF, Willis BL. The social determinants of ideal cardiovascular health: a global systematic review. Prev Med.
2022;165:107265. https://doi.org/10.1016/j.ypmed.2022.107265

67. FNDE (National Fund for the Development of Education). National School Feeding Program (PNAE) [Internet]. Brasilia (DF): FNDE; [cited 2026
Mar 5]. Available from: https://www.fnde.gov.br/index.php/programas/pnae

PLOS One | https://doi.org/10.1371/journal.pone.0349440 June 3, 2026 24 /24


https://doi.org/10.1371/journal.pone.0255959
http://www.ncbi.nlm.nih.gov/pubmed/34379696
https://doi.org/10.1016/j.ypmed.2022.107265
https://www.fnde.gov.br/index.php/programas/pnae

	Prevalence of the double burden of malnutrition and its association with ideal cardiovascular health in Brazilian children
	Introduction
	Materials and methods
	Study design
	Study population and sample size
	Ethical principles
	Data collection protocol
	Materials and data collection timeline
	Variable descriptions
	Operational definition of variables
	Anthropometry
	Accelerometer
	Physical activity
	Sedentary behavior
	Sleep duration
	Blood pressure
	Blood sample collection procedures
	Questionnaires
	Demographic factors questionnaire. Included questions about sex and age (date of birth).
	Socioeconomic factors questionnaire. This included 14 questions regarding household assets, domestic services, family income, parents’ education level, and current employment status [48].

	Main variable: Double burden of malnutrition (DBM)
	Outcome variable: Ideal cardiovascular health (CVH)
	Statistical analysis
	Descriptive analyses
	Exploratory socioeconomic cluster analysis
	Multilevel analyses
	Directed acyclic graph (DAG)

	Results
	Discussion
	Prevalence of DBM
	Iron deficiency and obesity
	Excess weight and cardiovascular health
	Health behaviors and cardiovascular health
	Health factors and cardiovascular health
	Socioeconomic factors and cardiovascular health

	Conclusion
	Supporting information
	References


