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Abstract

Introduction: Childhood overweight and obesity are complex and multifacto-
rial conditions arising from an imbalance between caloric intake and energy ex-
penditure. Methods: A cross-sectional study was conducted involving 2.420 stu-
dents aged 9 to 17 years from 64 educational centers in Costa Rica. Eating habits
were assessed using a validated questionnaire, and Body Mass Index (BMI,
kg/m?) was calculated to determine the prevalence of overweight and obesity,
classified according to CDC standards. Ethical approval was granted by the Sci-
entific Ethics Committee of INCIENSA, and informed consent was obtained
from all participants. To estimate carbohydrate and added sugar intake, three
different methods were applied to approximate consumption levels. Descriptive
statistics and stepwise regression models were used with statistical significance
set at p < 0.05. Results: The prevalence of being overweight and obesity among
the students was 27.1% and 16.8%, respectively. The likelihood of being over-
weight or obese was significantly associated with a higher daily intake of total
carbohydrates and added sugars. Key sources of total carbohydrates (accounting
for 50.1% to 60.7%) and added sugars (accounting for 73.1% to 88.2%) included
foods such as bakery products, cookies and cakes, carbonated beverages, cereals,
juices and nectars, and flavored milks. Near 83.8% of children and adolescents
in our country consumed more than 10% of their total energy intake from added
sugars, exceeding the World Health Organization recommendation (<10% of
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total energy intake (optimal < 5%). Conclusion: In Costa Rica, there is an urgent
need to modify dietary habits through educational initiatives and social aware-
ness campaigns.
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1. Introduction

Nutritional education, the promotion of physical activity, and access to healthy
foods are fundamental components in the prevention and management of child-
hood overweight and obesity [1]. Childhood obesity represents not only a signifi-
cant individual health concern but also reflects structural inequalities, impacting
physical, cognitive, and emotional development [1]. The imbalance between en-
ergy intake and physical activity is not solely attributable to personal choices but
is influenced by a complex interplay of environmental, economic, and cultural
factors [2].

In Costa Rica, childhood obesity is a public health problem that negatively af-
fects the physical and cognitive development of children, increasing the risk of
non-communicable diseases (NCDs), which represent the principal cause of mor-
tality in the country and are directly related to diet [3]-[5]. According to the 2016
school census of weight/height, nearly 34% of the population between 6 and 12
years of age presented overweight [5]. Recent studies also suggest that school-aged
children in Costa Rica are consuming diets rich in sugars and fats, exceeding in-
ternational public health recommendations for daily intake of these products [6].
This situation represents a challenge, as children with a diet rich in these compo-
nents are more likely to develop obesity and metabolic diseases [7].

Guevara-Villalobos et al. (2019) revealed that schoolchildren in Costa Rica tend
to include products with a high content of fats, sugars, and sodium in their diets.
These foods, specially processed snacks and sweetened beverages, represent more
than 50% of the daily calories consumed by school-aged children [8]. These data
are alarming, as they reflect a considerable prevalence of ultra-processed foods in
the youngsters’ diet, which are associated with the development of metabolic and
cardiovascular diseases from early ages [9]. Foods that commonly are part of the
diet include cookies, potato chips, carbonated drinks, and artificial juices. These
products are rich in saturated fats, added sugars, and sodium, components that
have been identified as noxious for infantile health when consumed in excess [10].

Addressing childhood obesity requires robust public policies that foster envi-
ronments conducive to healthy decision-making for children, adolescents, and their
families. These policies should include regulations on the marketing of unhealthy
foods and the creation of safe spaces for physical activity, with an emphasis on
health promotion [2].

A comprehensive, multi-sectoral approach is essential to combat childhood
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obesity effectively. This strategy must encompass nutritional education, the pro-
motion of physical activity, and equitable access to healthy foods. Such measures
are critical for preventing and managing childhood and adolescent obesity, thereby
reducing the burden of associated chronic diseases [11] [12].

While a natural preference for sweet flavors is inherent to human biology, fos-
tering healthy eating habits and promoting balanced diets are vital [13]. Educa-
tional initiatives and the availability of nutritious options play key roles in miti-
gating the rising consumption of added sugars and their detrimental health im-
pacts.

Excessive sugar intake, particularly from processed foods, has been identified
as a significant contributor to the global obesity epidemic and related chronic con-
ditions. Encouraging the consumption of natural, fresh foods over highly pro-
cessed alternatives is imperative. Reducing the intake of sugary beverages and pro-
moting healthier options, such as water or unsweetened dairy drinks, can substan-
tially enhance health outcomes and prevent diet-related diseases [14].

The World Health Organization (WHO) guidelines emphasize the importance
of limiting sugar intake to prevent various health issues [15]. Raising awareness
about the risks associated with excessive sugar consumption and promoting healthy
dietary habits are crucial steps toward building healthier communities and reduc-
ing the prevalence of diet-related diseases from an early age.

Excessive sugar intake also has a significant impact on oral health, as free sugars
contribute to the development of cavities and other dental conditions. Limiting
added sugar is, therefore, essential for maintaining optimal oral health, in accord-
ance with WHO recommendations [15] [16]. Furthermore, sugary beverages pose
anutritional challenge due to their low content of essential vitamins and minerals,
which can contribute to an unbalanced diet. Given their association with child-
hood obesity, it is important to assess the broader impact of these products, along-
side sedentary lifestyles, on the overall health of children and adolescents [17]. In
Costa Rica, there is an urgent need to modify dietary habits, particularly among
children and adolescents, through educational initiatives and social awareness
campaigns. Failure to address these patterns could lead to an increased prevalence
of overweight, obesity, and related comorbidities in the future. This study aims to
assess the association between sedentary behavior, carbohydrate and added sugar
intake, and the prevalence of overweight and obesity among children and adoles-

cents in Costa Rica.

2. Method

This cross-sectional study involved 2420 students aged 9 to 17 years from 24 pri-
mary schools and 40 high schools across the seven provinces of Costa Rica. Par-
ticipants completed a structured, coded questionnaire comprising three sections:
(A) sociodemographic information (sex, age, and socioeconomic status) and life-
style/family habits; (B) anthropometric data; and (C) information on recreational

and physical activities.
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Weight (kg) and body fat percentage were measured using bioelectrical imped-
ance analysis (Tanita SC-331 S scale, without column). Height was recorded with
a SECA 217 stadiometer, and waist circumference (WC) was assessed using a stand-
ard measuring tape. Body Mass Index (BMI, kg/m?®) and waist-to-height ratio
(WHtR) were subsequently calculated for each participant.

The prevalence of overweight and obesity was determined based on BMI per-
centiles, following the Centers for Disease Control and Prevention (CDC) refer-
ence guidelines. Overweight was classified as a BMI percentile between the 85th
and 95th percentiles, while obesity was defined as a BMI at or above the 95th per-
centile, adjusted for age and sex [18].

Cardiometabolic risk was assessed using a WHtR cut-off point of 0.50 [19], and
WC thresholds were applied according to Taylor et al (2000) [20]. All anthropo-
metric measurements were conducted by trained researchers using standardized
protocols.

To ascertain sedentary behavior, average daily screen time (0 - 24 hours/day)
was rigorously quantified. This metric was derived from the self-reported fre-
quency of engagement in four distinct sedentary behaviors on both weekdays and
weekends: watching television, using computer or gaming console, internet ac-
cess, and telecommunication via telephone or Skype. Consistent with established
pediatric guidelines promulgated by the American Academy of Pediatrics [21] and
further recommendations by Tremblay et al (2017) [22], a conservative screen
time threshold of <2 hours per day was adopted as the criterion for distinguishing
between sedentary and active individuals.

The assessment instrument also incorporated items pertaining to the frequency
of physical activity undertaken outside of the school environment (ranging from
“never” to “daily”, with an operationalized average of 260 minutes/day) [23], as
well as inquiries regarding participation in physical activity programs within the
school setting.

Participants were classified as “physically active” if they fulfilled two of the fol-
lowing evidence-based criteria: (1) documented average daily screen time not ex-
ceeding 2 hours, and (2) self-reported engagement in physical activity outside of
school for a minimum duration of 60 minutes per day on at least three days per
week. Individuals failing to satisfy both predefined conditions were, by explicit
definition, classified as “sedentary”. This bifurcated classification scheme ensured
a standardized and objective determination of physical activity levels across the
study population.

Part C of the questionnaire consisted of a semi-quantitative food frequency sur-
vey. Daily added sugar intake was estimated by multiplying the standard serving
size of each food by a frequency coefficient: never = 0; 1 - 3 times/month = 0.07;
1 - 2 times/week = 0.21; 3 - 4 times/week = 0.50; 5 - 6 times/week = 0.80; once
daily = 1; and 2 - 3 times/day = 2.5 [24] [25]. This frequency list included com-
monly consumed foods in Costa Rica, with an open section allowing students to

add other items [26]. This questionnaire was adapted from one previously used
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and validated in a survey by this research team and applied individually with the

supervision of two nutritionists [26]. A comprehensive list of 120 foods, encom-

passing both homemade and processed items representative of the Costa Rican

diet and typical global dietary patterns of children and adolescents, was compiled
[27] (Table 1).
It is important to note that naturally occurring sugars in fruits, vegetables, and

milk were excluded from the added sugar calculation, although they were included

in the total carbohydrate intake assessment for each participant.

Table 1. Food groups analyzed.

Food Groups

Sweet or salty pastries and sandwiches

Fast food

Tomato sauce (ketchup) or pink sauce

Cereals (gallo pinto*, among others)

Bakery products

Sweet and salty cookies and cakes

Snacks in small packages
Milk and dairy products
Legumes

Starchy vegetables

Fruits

Sweet confectionary, desserts and ice
creams

Non-starchy vegetables

Sports drinks
Energy drinks

Cola or carbonated drinks

Non-carbonated drinks
Homemade drinks
Prepared hot or cold drinks
Nectars and juices

Alcoholic beverages

Foods, drinks and preparations
Sweet or savory pastries, empanadas*, churros, puff pastry sandwiches, and
similar items.
Pizza, hot dogs, beef or chicken tacos, fried chicken, tortillas with cheese,
chorreada* (traditional Costa Rican dish), hamburgers, mixed nachos, and
Chinese dishes (such as Cantonese rice and chop suey), among other
fast-food items commonly sold at McDonald’s, Burger King, KFC, and similar
establishments.
Ketchup and pink sauce (a mixture of ketchup and mayonnaise).
Whole and refined grains: rice, barley, oats, breakfast cereals, tortillas, gallo
pinto* (traditional Costa Rican dish with rice and beans), among others.
Breads, both sweet and savory stuffed breads, baguettes (plain or with cheese),
and breadcrumbs.
Any type of cracker (filled or unfilled) and cakes.
Toasted potatoes, fried plantains, and various types of popcorn.
Whole, semi-skimmed, or skimmed milk, yogurt, flavored milk, and sweetened
condensed milk.
Any variety or color of beans, lentils, chickpeas, peas
Potatoes, cassava, sweet potatoes, tiquisque, iampi, and other similar root
vegetables.
Papaya, melon, watermelon, bananas, guava, soursop, oranges, tangerines, and
other fruits.
Candies, popsicles, gummies, chocolates, cajetas* (traditional candy), syrups,
gelatin, jellies, jams, desserts, and creamy or water-based ice creams.
Green beans, carrots, cabbage, tomatoes, zucchini, lettuce, cucumber, and
other vegetables.
Any brand or type of sports drink.
Any brand or type of energy drink.
Cola and other carbonated drinks (excluding unsweetened versions) and
sweetened carbonated waters.
Flavored non-carbonated beverages, flavored teas, industrialized drinks
flavored with tropical fruits, and isotonic drinks.
Homemade fruit beverages made with water or milk.
Agua dulce* (sweetened sugarcane water), coffee, tea bags, and hot chocolate
(prepared with water or milk)
Nectars and concentrated juices (powdered or packaged) with added sugar.
Alcoholic beverages, including beer, white or red wine, sparkling wine,
whiskey, vodka, rum, and others.

*Typical Costa Rican dish.
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Commonly consumed foods providing complex, or simple (refined) carbohy-
drates were assessed, and added sugar intake was estimated to identify the primary
contributors within the study population. Portion sizes for each recorded food
item were estimated for each student using the Photographic Manual of Portions
of Common Foods and Preparations in Costa Rica and the Weight Book of Home-
made Measurements and Portions of Common Foods and Preparations in Costa
Rica [28] [29].

Three methods were employed to estimate the carbohydrate and added sugar
content of foods:

e Method 1: Carbohydrate and added sugar content were determined using the
Central American Food Composition Table from the Institute of Nutrition of
Central America and Panama (INCAP) [30].

e Method 2: Nutritional information was obtained from commercial food labels.
Carbohydrate and added sugar content per 100 grams was calculated based on
the declared serving size and data from the United States Department of Agri-
culture (USDA) food composition databases [31] [32].

e Method 3: For prepared foods containing multiple ingredients, carbohydrate
and added sugar content was calculated using standardized recipes provided
by participants or referenced from the Home Measurements and Portions of
Common Foods and Preparations Weight Book of Costa Rica [29].

To evaluate the appropriateness of added sugar consumption, actual intake data
were compared with the World Health Organization (WHO) recommendation of
limiting free sugars to less than 10% of total energy intake (TEI) [15]. Free sugars
include monosaccharides and disaccharides added to foods, as well as sugars nat-
urally present in honey, syrups, and fruit juices.

Various types of sugars were analyzed, including table sugar (white), brown
sugar, corn sweetener, corn syrup, dextrose, fructose, glucose, sucrose, high-fruc-
tose corn syrup, honey, inverted sugar, maltose, malt syrup, and molasses. Addi-
tionally, sugars added to beverages such as coffee, tea, and traditional homemade
drinks (prepared with fresh fruit juice, sugar, and water or milk) were considered.
In accordance with World Health Organization (WHO) guidelines, the intake of
these sugars should be limited to less than 5% of total energy intake (TEI) [15].

2.1. Statistical Analysis

The normality of the data distribution was assessed using the Kolmogorov-Smirnov
test. Descriptive statistics—including arithmetic means, standard deviations (SD),
medians, and minimum and maximum values—were calculated. Depending on
the normality of the variables, parametric and non-parametric tests were applied. For
data with more than two categories, analysis of variance (ANOVA) or the Kruskal-
Wallis test was used. Correlations were evaluated using Pearson’s r or Spearman’s
r coefficients. Confidence intervals were set at a 95% confidence level, and homoge-
neity and chi-square tests were applied based on age and sex distributions. Statistical

analyses were conducted using the IBM SPSS software package [33].
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Logistic regression analysis was performed to determine statistically significant
differences between BMI categories and sex in relation to energy intake, total car-
bohydrates, and added sugars. Additionally, t-tests and stepwise regression anal-
yses were applied, with variable elimination based on the probability of the Wald

statistic. A p-value of <0.05 was considered indicative of statistical significance.

2.2. General and Ethical Procedures

All procedures adhered to the ethical standards outlined in the 1975 Helsinki Dec-
laration and its subsequent amendments (2013). Written informed consent was
obtained from parents or legal guardians, while assent was secured from the par-
ticipating children and adolescents. The study received ethical approval from the

Scientific Ethics Committee of INCIENSA (Ordinary session #27 of October
19, 2010; IC-2010-05).

3. Results

In the Costa Rican student population, 27.1% were classified as overweight and
16.8% as obese (Table 2). A strong positive correlation was observed between
waist circumference (WC) and body mass index (BMI) (r = 0.745, p < 0.001), ac-
counting for 56% shared variance. Similarly, a moderate positive correlation was
identified between waist-to-height ratio (WHtR) and BMI (r = 0.617, p < 0.01),
with 37% shared variance. Notably, 32.5% of participants exhibited cardiometa-
bolic risk (WHtR > 0.50), corresponding to the 71.2nd percentile for girls and the
71.9th percentile for boys.

More than half of the children and adolescents (57.9%) were classified as sed-
entary, and 68.3% did not meet screen time recommendations. Only 47.8% were
categorized as active, adhering to the recommended guidelines. Approximately
59.6% of total energy intake was derived from carbohydrates, with 16.4% coming
from added sugars (Table 2).

The likelihood of being overweight or obese was significantly higher among fe-
males and those with higher daily energy, total carbohydrate, and added sugar
consumption. Conversely, this probability decreased markedly among students
classified as active. Based on generalized determination coefficients (Cox and Snell’s
R? and Nagelkerke’s R?), 44.4% to 59.0% of the variance in excess weight was ex-
plained by the predictor variables evaluated (Table 3).

Stepwise regression analysis revealed that the primary contributors to total car-
bohydrate intake (accounting for 50.1% to 60.7% of total energy intake) were also
the main sources of added sugars (73.1% to 88.2%). These food groups included
bakery products, cookies and cakes, carbonated drinks, cereals and/or gallo pinto
(a traditional Costa Rican rice and bean dish), non-carbonated beverages, pre-
pared hot and cold drinks, and particularly juices and nectars (Table 4).

Notably, cookies and cakes, non-carbonated drinks, juices and nectars were fre-
quently consumed as mid-morning and afternoon snacks. On average, 83.8% of

children and adolescents exceeded the recommended intake, obtaining more than
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10% of their total energy intake from added sugars.

Table 2. Characteristics of the study population.

o Standard . . .
Characteristics Mean e Median Minimum Maximum
deviation

Age (years) 12.95 2.294 13.00 9 17
Weight (Kg) 48.7218 14.46525 47.0000 24.80 136.50
Height (cm) 153.7773 11.42982 154.0000 125.50 186.00
BMI (Kg/m?) 20.2775 4.28032 19.4339 14.62 40.44
Waist Circumference (WC) 73.7851 11.43406 72.2000 58.20 168.3
Cardiometabolic Index (WHtR) 0.4796 0.06602 0.4684 0.19 0.86
Body Composition (Fat %)* 22.0682 13.08173 19.8000 3.98 62.00
Total energy intake (TEI) (Kcal/day) 22442113 189.88606 2144.4000 1149.09 3409.03
% of energy from total carbohydrates 59.5581 3.09823 59.0843 40.95 74.39
% of energy from simple sugars 16.4322 5.86637 15.9806 6.92 30.66
Sedentary 57.9%
Does not adhere to the recommended

. . 68.3%
guidelines for screen time usage
Is physically active and adheres to the

. - 47.8%
recommended screen time limits
. Normal Overweight Obesity
Nutritional status based on BMI
56.1% 27.1% 16.8%

* = % percentage; Kg = kilograms; cm = centimeters; m? = square meter.

Table 3. Logistic regression analysis identifying factors associated with excess weight (overweight and obesity).

95% C.I. for EXP(B)

Factor B Sig. Exp(B) Inferior Superior
Active (1, sedentary = 0) —-0.350 0.003 0.705 0.560 0.887
TEI (Kcal/day) 0.108 0.000 1.114 1.111 1.118
Female sex (1, masculine = 0) 0.259 0.026 1.295 1.139 1.623
Carbohydrates (grams) 0.117 0.000 1.124 1.119 1.129
Added sugars (grams) 0.329 0.000 1.389 1.352 1.427
Constant -31.003 0.000 0.000

Table 4. Step-by-step regression analysis of the contribution of each food group to the total energy, carbohydrate and added

sugar intake of the study population.

% of Total % of % of
Energy (Kcal) R? 2 Added sugar R?
gy ( ) contribution Carbohydrates contribution & contribution
Tomato
. Tomato sauce
Alcoholic . sauce
0.002 0.2 (ketchup) or pink 0.096 9.6 0.100 10.0
Beverages (ketchup) or
sauce .
pink sauce
Snacks in
. Non-starchy
Sports drinks  0.063 6.3 0.300 30.0 small 0.587 58.7
vegetables
packages
Sweet
. . confectionary,
Energy drinks 0.077 7.7 Fruits 0.321 32.1 0.642 64.2

desserts and

ice creams
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Continued

Tomato sauce

Sweet 1
Snacks in small weet or salty

(ketchup) or  0.146 14.6 0.329 329 pastriesand  0.681 68.1
. packages .
pink sauce sandwiches
Non-starchy Starchy
0.206 20.6 0.332 33.2 Cereals 0.693 69.3
vegetables vegetables
. Milk and
Fruits 0.222 22.2 Legumes 0.339 339 . 0.700 70.0
dairy products
Sweet
Snacks in confectionary, Homemade
0.246 24.6 . 0.444 444 . 0.720 72.0
small packages desserts and ice drinks
creams
S t It
Starchy wee. or sy Bakery
0.256 25.6 pastries and 0.450 45.0 0.731 73.1
vegetables . products
sandwiches
Crackers and
Legumes 0.257 25.7 Fast food 0.456 45.6 0.780 78.0
cakes
Sweet
. Cola or
confectionary,
0.259 23.9 Cereals 0.471 47.1 carbonated 0.784 78.4
desserts and ]
) drinks
ice creams
Sweet or salt Non-
. ¥ Milk and dairy
pastriesand  0.261 26.1 0.474 474 carbonated 0.789 78.9
. products .
sandwiches drinks
Homemade Prepared hot
Fast food 0.268 26.8 . 0.491 49.1 . 0.800 80.0
drinks or cold drinks
Nectars and
Cereals 0.386 38.6 Bakery products  0.501 50.1 o 0.882 88.2
juices
Milk and dairy Cookies and
0.404 40.4 0.522 52.2
products cakes
Cola or
Homemade
. 0.421 42.1 carbonated 0.565 56.5
drinks .
drinks
Bakery Non-carbonated
0.451 45.1 . 0.584 58.4
products drinks
Cookies and 0.532 530 Prepared hot or 0.597 597
cakes ' ’ cold drinks ’ ’
Cola or
Nectars and
carbonated 0.535 53.5 o 0.607 60.7
. juices
drinks
Non-
carbonated 0.540 54.0
drinks
Prepared hot 0.544 544
or cold drinks ’
Nectars and
0.557 55.7

juices

4. Discussion and Conclusions

Obesity and being overweight are multifactorial conditions [34]. Our study, con-

ducted with schoolchildren and adolescents from the seven provinces of Costa
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Rica, demonstrated that the likelihood of developing overweight or obesity is as-
sociated with higher daily consumption of energy, total carbohydrates, and added
sugars, as well as a sedentary lifestyle. Reducing these factors is widely recom-
mended for effective weight management [35]. The World Health Organization
(WHO) advocates nutritional programs aimed at reducing obesity rates, which
have risen due to a gradual shift from traditional local diets and active lifestyles to
Western dietary patterns, characterized by higher levels of fat, salt, sugars, and
calorie-dense foods [36].

In schoolchildren and adolescents, an increased probability of overweight or
obesity has been observed in association with higher daily intake of energy, total
carbohydrates, and added sugars, with a higher prevalence in females. This gender
predominance is also noted in the United States, where projections suggest that
by 2030, excess weight will affect 55.6% of men, 80.0% of women, 47.6% of girls,
and 38.9% of boys [37].

The early onset of adiposity rebound in childhood is a key and effective marker
of obesity, the prevalence of which is rising. Notably, this phenomenon occurs
earlier in girls than in boys [38].

Regarding physical activity, our findings indicate that the probability of excess
weight is significantly lower among individuals classified as “active”. Interven-
tions focused solely on physical activity are recommended for preventing obesity,
as they have been shown to reduce BMI in children aged 6 to 12 years and in
adolescents aged 13 to 18 years. In contrast, there is no evidence supporting the
effectiveness of interventions that address diet alone, although those combining
diet and physical activity have proven effective [39].

Evidence suggests that increasing physical activity alone is insufficient to con-
trol adiposity; it is also crucial to reduce sedentary behaviors [40]. Additionally,
strategies to prevent and manage overweight and obesity in children and adoles-
cents should prioritize both total caloric intake and the quality of nutrients con-
sumed.

The consumption of sugary beverages has contributed to the development of
overweight people in this population [41]. In this study, the primary food groups
responsible for the high intake of carbohydrates and added sugars included bakery
products, cookies, cakes, carbonated drinks, cereals, non-carbonated beverages,
prepared hot or cold drinks, and particularly juices and nectars.

These findings underscore the importance of reducing the consumption of such
products and promoting healthier alternatives, such as water, natural juices, and
skim milk. Additionally, concern was raised regarding the frequent consumption
of cookies and cakes instead of fruits during mid-morning and afternoon snacks
among the study participants.

In 2021, the WHO emphasized the need to educate children, teachers, and fam-
ilies about the importance of consuming healthy foods, reducing the intake of sug-
ars and fats, promoting physical activity, and minimizing sedentary behavior [42].

Furthermore, family interactions, such as communication during meals, have
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been shown to positively impact eating habits (increased consumption of fruits
and vegetables in children) and physical activity levels (particularly in girls), as
reported by Lebron et al (2020) [43].

It is essential to implement policies aimed at reducing unnecessary sugar con-
sumption among children and adolescents through measures such as taxes on
sweetened products or warning labels on sugary drinks [44]. Establishing healthy
habits in the consumption of sugary drinks and foods from childhood is critical
to preventing long-term negative effects on both oral health [45] and overall
health.

Highly processed and sweetened products, such as fast food and industrial
snacks, are poor in essential nutrients (e.g., vitamins, minerals, and antioxidants)
and are rich in empty calories derived from refined flours, sodium, and sugars.
Marketing strategies targeted at children and adolescents, especially those on tel-
evision, the internet, in schools, and in supermarkets, significantly influence their
preferences and dietary choices.

Therefore, modifying the advertising and media environment to favor healthy
options could promote more beneficial dietary decisions, reducing the risk of obe-
sity and improving the overall health of children and adolescents [46].

The formulation of public policies, the implementation of front-of-pack warn-
ing labels (FOP-L), and preventive campaigns are essential strategies to transform
the obesogenic environments in which children and adolescents develop daily
[47] [48]. Reducing the excessive consumption of sugary and ultra-processed
foods, such as those typically found in school sodas, is a priority. The increasing
dietary proportion of these foods is associated with higher energy density, greater
intake of free sugars, and lower fiber consumption, positioning the consumption
of ultra-processed foods as a significant determinant of obesity in this population
[49].

Several studies highlight the adverse effects of an unbalanced diet and insuffi-
cient physical activity, exacerbated by sedentary screen time, on children and ad-
olescents [50]. In contrast, the current findings demonstrate significant improve-
ments in cardiometabolic health through physical activity in individuals with ex-
cess weight [51]. There is robust evidence linking screen time with obesity and
adiposity, as well as moderate evidence supporting its association with higher ca-
loric intake [50].

Therefore, it is crucial to promote physical activity as part of interventions tar-
geting excess weight, given the significant impact of sugar consumption on this
issue. However, the limitations in strength, fitness, and pain that many children
and adolescents with excess weight face must also be addressed. Personalized and
progressive physical activity interventions should be designed to encourage the
development of new skills and confidence, ensuring positive exercise experiences.
These adaptations can help break the cycle of negative participation, facilitating
long-term obesity management [52].

This study provides a comprehensive assessment of overweight and obesity
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prevalence, cardiometabolic risk factors, dietary patterns, and physical activity
levels among Costa Rican students. The findings demonstrate a significant propor-
tion of the student population classified as overweight (27.1%) and obese (16.8%),
highlighting the urgent need for interventions to address childhood obesity in this
region. These results suggest a potentially escalating trend in overweight and obe-
sity among Costa Rican students, underscoring the importance of proactive public
health strategies.

The strong positive correlation observed between waist circumference (WC) and
BMI, along with the moderate correlation between waist-to-height ratio (WHtR)
and BMI, reinforces the utility of these anthropometric measures in assessing adi-
posity and associated health risks. The finding that a significant percentage (32.5%)
of participants exhibited cardiometabolic risk based on WHtR (>0.50) is particu-
larly alarming, as elevated WHtR has been shown to be a strong predictor of car-
diovascular disease and type 2 diabetes [53]. This highlights the need for early
interventions targeting abdominal obesity to mitigate long-term health conse-
quences.

The high prevalence of sedentary behavior (57.9%) and excessive screen time
(68.3%) observed in this study aligns with global trends reported by the World
Health Organization (WHO) which indicates that over 80% of adolescents world-
wide are insufficiently physically active [54], emphasizing the pervasive influence
of modern lifestyles on children’s activity levels. Furthermore, the finding that
most participants did not meet screen time recommendations underscores the
need for strategies to promote physical activity and reduce sedentary behaviors in
this population. A recent intervention study showed that reducing screen time by
1 hour per day led to significant improvements in BMI in children [55].

Dietary analysis revealed that carbohydrates constitute a substantial portion of
total energy intake (59.6%), with a concerning 16.4% derived from added sugars.
This high intake of added sugars is consistent with previous research demonstrat-
ing the detrimental effects of excessive sugar consumption on metabolic health
[56]. Stepwise, regression analysis identified key dietary contributors to total car-
bohydrate and added sugar intake, including bakery products, cookies and cakes,
carbonated and non-carbonated beverages, and juices/nectars. The frequent con-
sumption of these items as snacks further exacerbates the problem. The fact that
83.8% of children and adolescents exceeded the recommended intake of added
sugars (>10% of total energy intake) confirms the urgent need for public health
interventions to reduce sugar consumption and promote healthier dietary choices.
This is particularly important given recent evidence linking high sugar intake to
non-alcoholic fatty liver disease in children [57].

The identification of specific food groups contributing to high sugar intake pro-
vides valuable targets for intervention strategies. For example, educational cam-
paigns and policy initiatives aimed at reducing the consumption of sugary bever-
ages and processed snacks could have a significant impact on reducing added

sugar intake and improving overall dietary quality. Furthermore, the finding that
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excess weight was associated with female gender, higher daily energy intake, and
greater consumption of carbohydrates and added sugars, but inversely associated
with physical activity, underscores the complex interplay of factors contributing
to childhood obesity.

A limitation of the present study is that only the intake of total carbohydrates,
sugars, and total energy was analyzed, without considering the contribution of
other energy nutrients, such as proteins and fats. While the current investigation
focused primarily on the association between dietary habits, sedentary behavior,
and obesity prevalence, data regarding potential confounding factors, such as
family history of obesity, parental sedentary lifestyle, and access to healthy foods,
were not comprehensively ascertained. Consequently, these variables were not di-
rectly incorporated into the statistical modeling framework.

It is acknowledged that the absence of these covariates may introduce a degree
of unmeasured confounding, and the interpretation of independent effects of the
primary variables of interest should be approached with appropriate caution. Fu-
ture research endeavors should incorporate a more extensive assessment of these
potentially influential factors to facilitate a more complete understanding of the
multifaceted etiology of childhood obesity. However, the present findings still
provide valuable insights into the relationship between modifiable lifestyle factors
and obesity risk within the study population.

Reducing sugar consumption, in conjunction with promoting physical activity,
is critical in addressing the high prevalence of obesity in children and adolescents.
Structured programs are necessary to engage parents, schools, and communities
in this effort [58] [59]. Additionally, further studies are essential to confirm these
findings and explore their implications for public health policies in greater detail.

Research on the relationship between sugary drinks, sedentary behavior, and
childhood obesity must be conducted using a broader and more rigorous ap-
proach to fully understand their effects on the health of this population. High-
quality studies and comprehensive reviews are needed to provide solid evidence
that can inform both public policy and individual decisions related to sugar con-
sumption, sugary beverages, and sedentary behavior in childhood and adoles-
cence [60] [61].

In conclusion, this study provides valuable data on the prevalence of overweight
and obesity, cardiometabolic risk factors, and dietary and activity patterns among
Costa Rican students. The findings highlight the urgent need for public health
interventions targeting modifiable risk factors such as physical inactivity and ex-
cessive sugar consumption. These interventions should focus on promoting health-
ier dietary choices, increasing physical activity levels, and reducing sedentary be-
haviors, particularly among vulnerable populations such as females. Further re-
search is warranted to evaluate the effectiveness of different intervention strategies
in addressing the growing problem of childhood obesity in Costa Rica and similar
settings. Future studies should consider longitudinal designs to assess the long-

term impact of these risk factors on cardiometabolic health.

DOI: 10.4236/jbm.2025.133025

343 Journal of Biosciences and Medicines


https://doi.org/10.4236/jbm.2025.133025

H. P. Ndfiez-Rivas et al.

Funding

This study was supported by the Vice-Rector’s Office for Research at the Univer-
sity of Costa Rica (Grant #430-B1-343) and the Costa Rican Institute of Research
and Education on Nutrition and Health (INCIENSA) (Grant #IC-2010-05).

Conflicts of Interest

The authors declare no conflicts of interest regarding the publication of this paper.

References

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

(10]

(11]

Sylvetsky, A.C., Visek, A.]., Halberg, S., Rhee, D.K., Ongaro, Z., Essel, K.D., et al
(2020) Beyond Taste and Easy Access: Physical, Cognitive, Interpersonal, and Emo-
tional Reasons for Sugary Drink Consumption among Children and Adolescents. Ap-
petite, 155, Article 104826. https://doi.org/10.1016/j.appet.2020.104826

Lister, N.B., Baur, L.A., Felix, J.F., Hill, A.J., Marcus, C., Reinehr, T., et al (2023)
Child and Adolescent Obesity. Nature Reviews Disease Primers, 9, Article No. 24.
https://doi.org/10.1038/s41572-023-00435-4

Gomez, G., Quesada, D. and Chinnock, A. (2020) Consumo de frutas y vegetales en
la poblacién urbana costarricense: Resultados del Estudio Latino Americano de Nutricién
y Salud (ELANS)-Costa Rica. Poblacion y Salud en Mesoameérica, 18.

Salas, G.G., Quesada, D.Q., Chinnock, A., Previdelli, A.N. and Elans, G. (2020) Consumo
de azticar anadido en la poblacién urbana costarricense: Estudio latinoamericano de
nutricién y salud ELANS-Costa Rica. Acta Médica Costarricense, 61, 111-118.
https://doi.org/10.51481/amc.v61i3.1038

Di Cesare, M., Sorié, M., Bovet, P., Miranda, J.J., Bhutta, Z., Stevens, G.A., et al. (2019)
The Epidemiological Burden of Obesity in Childhood: A Worldwide Epidemic Re-
quiring Urgent Action. BMC Medicine, 17, Article No. 212.
https://doi.org/10.1186/s12916-019-1449-8

Ministerio de Salud y Ministerio de Educacién Publica (2017) Informe Ejecutivo
Censo Escolar Peso-Talla Costa Rica.
https://www.ministeriodesalud.go.cr/index.php/biblioteca-de-archivos-left/docu-
mentos-ministerio-de-salud/vigilancia-de-la-salud/normas-protocolos-guias-y-lin-
eamientos/vigilancia-nutricional/censos-y-encuestas/censo-escolar-peso-y-talla-vig-
ilancia-de-la-salud/1955-informe-ejecutivo-censo-escolar-peso-talla/file

Ministerio de Salud de Costa Rica (2022) Guias alimentarias para centros educativos
de Costa Rica. Ministerio de Salud.
https://www.fao.org/platforms/school-food/around-the-world/latin-america-and-

the-caribbean/costa-rica/es

Villalobos, D.G., Vindas, C.C., Soto, N.F., Carrasquilla, L.U., Chinnock, A., Gémez,
G., et al. (2020) Hébitos alimentarios de la poblacién urbana costarricense. Acta
Meédica Costarricense, 61, 152-159. https://doi.org/10.51481/amc.v61i4.1045

Garcia, M. (2021) La alta prevalencia de alimentos ultraprocesados en la dieta infantil
y su asociaciéon con enfermedades metabdlicas y cardiovasculares desde edades tem-
pranas. Revista de Nutricion y Salud Infantil, 15, 45-60.

Rivadulla, J., Garcia, S., Fuentes, M. and Yolanda, G.P. (2020) Los habitos alimenticios
del alumnado de primaria y sus posibilidades educativas.
https://ruc.udc.es/dspace/handle/2183/25576

Marcus, C., Danielsson, P. and Hagman, E. (2022) Pediatric Obesity—Long-Term

DOI: 10.4236/jbm.2025.133025

344 Journal of Biosciences and Medicines


https://doi.org/10.4236/jbm.2025.133025
https://doi.org/10.1016/j.appet.2020.104826
https://doi.org/10.1038/s41572-023-00435-4
https://doi.org/10.51481/amc.v61i3.1038
https://doi.org/10.1186/s12916-019-1449-8
https://www.ministeriodesalud.go.cr/index.php/biblioteca-de-archivos-left/documentos-ministerio-de-salud/vigilancia-de-la-salud/normas-protocolos-guias-y-lineamientos/vigilancia-nutricional/censos-y-encuestas/censo-escolar-peso-y-talla-vigilancia-de-la-salud/1955-informe-ejecutivo-censo-escolar-peso-talla/file
https://www.ministeriodesalud.go.cr/index.php/biblioteca-de-archivos-left/documentos-ministerio-de-salud/vigilancia-de-la-salud/normas-protocolos-guias-y-lineamientos/vigilancia-nutricional/censos-y-encuestas/censo-escolar-peso-y-talla-vigilancia-de-la-salud/1955-informe-ejecutivo-censo-escolar-peso-talla/file
https://www.ministeriodesalud.go.cr/index.php/biblioteca-de-archivos-left/documentos-ministerio-de-salud/vigilancia-de-la-salud/normas-protocolos-guias-y-lineamientos/vigilancia-nutricional/censos-y-encuestas/censo-escolar-peso-y-talla-vigilancia-de-la-salud/1955-informe-ejecutivo-censo-escolar-peso-talla/file
https://www.ministeriodesalud.go.cr/index.php/biblioteca-de-archivos-left/documentos-ministerio-de-salud/vigilancia-de-la-salud/normas-protocolos-guias-y-lineamientos/vigilancia-nutricional/censos-y-encuestas/censo-escolar-peso-y-talla-vigilancia-de-la-salud/1955-informe-ejecutivo-censo-escolar-peso-talla/file
https://www.fao.org/platforms/school-food/around-the-world/latin-america-and-the-caribbean/costa-rica/es
https://www.fao.org/platforms/school-food/around-the-world/latin-america-and-the-caribbean/costa-rica/es
https://doi.org/10.51481/amc.v61i4.1045
https://ruc.udc.es/dspace/handle/2183/25576

H. P. Nufiez-Rivas et al.

(12]

(13]

(14]

(15]

(16]

(17]

(18]

(19]

(20]

(21]

(22]

(23]

(24]

Consequences and Effect of Weight Loss. Journal of Internal Medicine, 292, 870-891.
https://doi.org/10.1111/joim.13547

Caprio, S., Santoro, N. and Weiss, R. (2020) Childhood Obesity and the Associated
Rise in Cardiometabolic Complications. Nature Metabolism, 2, 223-232.
https://doi.org/10.1038/s42255-020-0183-z

Paglia, L. (2019) Taste Development and Prenatal Prevention. European Journal of
Paediatric Dentistry, 20, 257. https://doi.org/10.23804/ejpd.2019.20.04.01

Ali, A.T., Al-Ani, F. and Al-Ani, O. (2023) Childhood Obesity: Causes, Consequences,
and Prevention. Ceskd a slovenskd farmacie, 72, 21-36.
https://doi.org/10.5817/csf2023-1-21

WHO (2015) Guideline: Sugars Intake for Adults and Children. Recommendations
and Remarks. https://www.ncbi.nlm.nih.gov/books/NBK285525/

Ha, D.H,, Arora, A., Harford, J., Luzzi, L., Chrisopoulos, S. and Do, L.G. (2022) Pop-
ulation Impact of Sugar-Sweetened Beverages on Dental Caries and Overweight/Obe-
sity in Australian Children. /DR Clinical & Translational Research, 8, 224-233.
https://doi.org/10.1177/23800844221091701

Paglia, L., Friuli, S., Colombo, S. and Paglia, M. (2019) The Effect of Added Sugars on
Children’s Health Outcomes: Obesity, Obstructive Sleep Apnea Syndrome (OSAS), At-
tention-Deficit/Hyperactivity Disorder (ADHD) and Chronic Diseases. Furopean Jour-
nal of Paediatric Dentistry, 20, 127-132. https://doi.org/10.23804/ejpd.2019.20.02.09

Barlow, S.E. (2007) Expert Committee Recommendations Regarding the Prevention,
Assessment, and Treatment of Child and Adolescent Overweight and Obesity: Sum-
mary Report. Pedjatrics, 120, S164-S192. https://doi.org/10.1542/peds.2007-2329¢
Browning, L.M., Hsieh, S.D. and Ashwell, M. (2010) A Systematic Review of Waist-
to-Height Ratio as a Screening Tool for the Prediction of Cardiovascular Disease and
Diabetes: 0.5 Could Be a Suitable Global Boundary Value. Nutrition Research Re-
views, 23, 247-269. https://doi.org/10.1017/s0954422410000144

Taylor, R.W., Jones, LE., Williams, S.M. and Goulding, A. (2000) Evaluation of Waist
Circumference, Waist-to-Hip Ratio, and the Conicity Index as Screening Tools for

High Trunk Fat Mass, as Measured by Dual-Energy X-Ray Absorptiometry, in Chil-
dren Aged 3 - 19 Y. The American Journal of Clinical Nutrition, 72, 490-495.
https://doi.org/10.1093/ajcn/72.2.490

Committee on Public Education (2001) Children, Adolescents, and Television. Pedi-
atrics, 107, 423-426. https://doi.org/10.1542/peds.107.2.423

Tremblay, M.S., Aubert, S., Barnes, ].D., Saunders, T.J., Carson, V., Latimer-Cheung,
AE., et al (2017) Sedentary Behavior Research Network (SBRN)—Terminology
Consensus Project Process and Outcome. International Journal of Behavioral Nutri-
tion and Physical Activity, 14, Article No. 75.
https://doi.org/10.1186/s12966-017-0525-8

Chaput, J., Willumsen, J., Bull, F., Chou, R., Ekelund, U., Firth, J., et al (2020) 2020
WHO Guidelines on Physical Activity and Sedentary Behaviour for Children and Ad-
olescents Aged 5 - 17 Years: Summary of the Evidence. International Journal of Be-
havioral Nutrition and Physical Activity, 17, Article No. 141.
https://doi.org/10.1186/s12966-020-01037-z

Bountziouka, V. and B. Panagiotakos, D. (2010) Statistical Methods Used for the
Evaluation of Reliability and Validity of Nutrition Assessment Tools Used in Medical
Research. Current Pharmaceutical Design, 16, 3770-3775.
https://doi.org/10.2174/138161210794455102

DOI: 10.4236/jbm.2025.133025

345 Journal of Biosciences and Medicines


https://doi.org/10.4236/jbm.2025.133025
https://doi.org/10.1111/joim.13547
https://doi.org/10.1038/s42255-020-0183-z
https://doi.org/10.23804/ejpd.2019.20.04.01
https://doi.org/10.5817/csf2023-1-21
https://www.ncbi.nlm.nih.gov/books/NBK285525/
https://doi.org/10.1177/23800844221091701
https://doi.org/10.23804/ejpd.2019.20.02.09
https://doi.org/10.1542/peds.2007-2329c
https://doi.org/10.1017/s0954422410000144
https://doi.org/10.1093/ajcn/72.2.490
https://doi.org/10.1542/peds.107.2.423
https://doi.org/10.1186/s12966-017-0525-8
https://doi.org/10.1186/s12966-020-01037-z
https://doi.org/10.2174/138161210794455102

H. P. Ndfiez-Rivas et al.

(25]

[26]

(27]

(28]

(29]

(30]

(31]

(32]

(33]
(34]

(35]

(36]

(37]

(38]

Palacin-Arce, A., Monteagudo, C., Beas-Jimenez, J.d.D., Olea-Serrano, F. and Maris-
cal-Arcas, M. (2015) Proposal of a Nutritional Quality Index (NQI) to Evaluate the
Nutritional Supplementation of Sportspeople. PLOS ONE, 10, e0125630.
https://doi.org/10.1371/journal.pone.0125630

Holst-Schumacher, I., Nuiiez-Rivas, H.P. and Campos-Saborio, N. (2019) New Diet
Quality Index for Children and Adolescents in Costa Rica. Nutricion Hospitalaria,
37, 65-72. https://doi.org/10.20960/nh.02695

Haile, B., Neme, K. and Belachew, T. (2017) Evolution of Human Diet and Effect of
Globalization on Regional Diet with Emphasis to the Mediterranean Diet. Nutrition
& Food Science, 47, 869-883. https://doi.org/10.1108/nfs-02-2017-0017

Chinnock, A. and Castro-Jirdn, R. (2014) Manual fotografico de porciones de alimentos
comunes en Costa Rica. Universidad de Costa Rica.

https://tienda.fundacionucr.com/index.php?route=product/product&product id=65

Chaverri-Esquivel, M., Rodriguez-Mora, A. and Chinnock, A. (2014) Pesos de medidas
caseras y porciones de alimentos y preparaciones comunes en Costa Rica. Universidad
de Costa Rica. Escuela de Nutricion.
https://nutricion.ucr.ac.cr/proyectos/publicaciones/

Tabla de Composiciéon de Alimentos del Instituto de Nutricién Centro América y
Panama (TCA-INCAP). Biblioteca Digital Ministerio de Cultura y Juventud.
https://www.sennutricion.org/media/tablas/INCAP.pdf

U.S. Department of Agriculture, Agricultural Research Service (2019) FoodData Cen-
tral. https://fdc.nal.usda.gov

US Department of Health and Human Services (2015) US Department of Agriculture.
2015-2020 Dietary Guidelines for Americans. 8th Edition, US Department of Health
and Human Services.
https://odphp.health.gov/sites/default/files/2019-09/2015-2020 Dietary Guide-
lines.pdf

IBM Statistical Software Package SPSS. https://www.ibm.com/spss

Neves, S.C., Rodrigues, L.M., de Souza Sdo Bento, P.A. and de Souza Minayo, M.C.
(2021) Os fatores de risco envolvidos na obesidade no adolescente: Uma revisido
integrativa. Ciéncia & Saiide Coletiva, 26, 4871-4884.
https://doi.org/10.1590/1413-812320212611.3.30852019

ElSayed, N., Aleppo, G., Aroda, V., Bannuru, R., Brown, F., Bruemmer, D., et al
(2023) 8. Obesity and Weight Management for the Prevention and Treatment of Type
2 Diabetes: Standards of Care in Diabetes—2023. Diabetes Care, 46, S128-5139.
https://doi.org/10.2337/dc23-S008

Ezzeddin, N., Eini-Zinab, H., Ajami, M., Kalantari, N. and Sheikhi, M. (2019) WHO
Ending Childhood Obesity and Iran-Ending Childhood Obesity Programs Based on
Urban Health Equity Indicators: A Qualitative Content Analysis. Archives of Iranian
Medicine, 22, 646-652. https://pubmed.ncbi.nlm.nih.gov/31823630/

Wang, Y., Beydoun, M.A., Min, J., Xue, H., Kaminsky, L.A. and Cheskin, L.J. (2020)
Has the Prevalence of Overweight, Obesity and Central Obesity Levelled off in the
United States? Trends, Patterns, Disparities, and Future Projections for the Obesity
Epidemic. International Journal of Epidemiology, 49, 810-823.
https://doi.org/10.1093/ije/dyz273

Zhou, J., Zhang, F.,, Qin, X,, Li, P., Teng, Y., Zhang, S., et al (2022) Age at Adiposity
Rebound and the Relevance for Obesity: A Systematic Review and Meta-Analysis.
International Journal of Obesity, 46, 1413-1424.

https://doi.org/10.1038/s41366-022-01120-4

DOI: 10.4236/jbm.2025.133025

346 Journal of Biosciences and Medicines


https://doi.org/10.4236/jbm.2025.133025
https://doi.org/10.1371/journal.pone.0125630
https://doi.org/10.20960/nh.02695
https://doi.org/10.1108/nfs-02-2017-0017
https://tienda.fundacionucr.com/index.php?route=product/product&product_id=65
https://nutricion.ucr.ac.cr/proyectos/publicaciones/
https://www.sennutricion.org/media/tablas/INCAP.pdf
https://fdc.nal.usda.gov/
https://odphp.health.gov/sites/default/files/2019-09/2015-2020_Dietary_Guidelines.pdf
https://odphp.health.gov/sites/default/files/2019-09/2015-2020_Dietary_Guidelines.pdf
https://www.ibm.com/spss
https://doi.org/10.1590/1413-812320212611.3.30852019
https://doi.org/10.2337/dc23-S008
https://pubmed.ncbi.nlm.nih.gov/31823630/
https://doi.org/10.1093/ije/dyz273
https://doi.org/10.1038/s41366-022-01120-4

H. P. Nufiez-Rivas et al.

(39]

(40]

(41]

(42]

(43]

[44]

(45]

(46]

(47]

(48]

(49]

(50]

(51]

(52]

Brown, T., Moore, T.H., Hooper, L., Gao, Y., Zayegh, A,, Ijaz, S., et al. (2019) Inter-
ventions for Preventing Obesity in Children. Cochrane Database of Systematic Re-
views, No. 7, CD001871. https://doi.org/10.1002/14651858.cd001871.pub4

Mello, G.T.d., Bertuol, C., Minatto, G., Barbosa Filho, V.C., Oldenburg, B., Leech,
R.M,, et al. (2023) A Systematic Review of the Clustering and Correlates of Physical
Activity and Sedentary Behavior among Boys and Girls. BMC Public Health, 23, Ar-
ticle No. 372. https://doi.org/10.1186/s12889-022-14869-0

Liberali, R., Kupek, E. and Assis, M.A.A.d. (2020) Dietary Patterns and Childhood
Obesity Risk: A Systematic Review. Childhood Obesity, 16, 70-85.
https://doi.org/10.1089/chi.2019.0059

Organizaciéon Mundial de la Salud (2021) Pautas de alimentacion saludable, actividad
fisica, comportamiento sedentario y suefio para la educacién y atencion a la primera
infancia: Conjunto de herramientas.
https://iris.who.int/bitstream/handle/10665/352618/9789240037281-spa.pdf

Lebron, C.N., Agosto, Y., Lee, T.K,, Prado, G., George, S.M.S., Pantin, H., et al (2020)
Family Mealtime Communication in Single- and Dual-Headed Households among
Hispanic Adolescents with Overweight and Obesity. Journal of Nutrition Education

and Behavior, 52, 840-849. https://doi.org/10.1016/j.jneb.2020.03.003

Hall, M.G., Lazard, A.J., Grummon, A.H., Higgins, I.C.A., Bercholz, M., Richter,
A.P.C, et al (2021) Designing Warnings for Sugary Drinks: A Randomized Experi-

ment with Latino Parents and Non-Latino Parents. Preventive Medicine, 148, Article
106562. https://doi.org/10.1016/j.ypmed.2021.106562

Tahmassebi, J.F. and BaniHani, A. (2019) Impact of Soft Drinks to Health and Econ-
omy: A Critical Review. European Archives of Paediatric Dentistry, 21, 109-117.
https://doi.org/10.1007/s40368-019-00458-0

Folkvord, F., Naderer, B., Coates, A. and Boyland, E. (2021) Promoting Fruit and
Vegetable Consumption for Childhood Obesity Prevention. Nutrients, 14, Article
157. https://doi.org/10.3390/nu14010157

Jia, P., Shi, Y., Jiang, Q., Dai, S., Yu, B, Yang, S., et al (2023) Environmental Deter-
minants of Childhood Obesity: A Meta-Analysis. The Lancet Global Health, 11, S7.
https://doi.org/10.1016/s2214-109x(23)00092-x

Lima, M., de Alcantara, M., Martins, .B.A., Ares, G. and Deliza, R. (2019) Can Front-
of-Pack Nutrition Labeling Influence Children’s Emotional Associations with Un-

healthy Food Products? An Experiment Using Emoji. Food Research International,
120, 217-225. https://doi.org/10.1016/j.foodres.2019.02.027

Neri, D., Steele, E.M., Khandpur, N., Cediel, G., Zapata, M.E., Rauber, F., et al. (2021)
Ultraprocessed Food Consumption and Dietary Nutrient Profiles Associated with
Obesity: A Multicountry Study of Children and Adolescents. Obesity Reviews, 23,
e13387. https://doi.org/10.1111/0br.13387

Fang, K., Mu, M., Liu, K. and He, Y. (2019) Screen Time and Childhood Over-
weight/Obesity: A Systematic Review and Meta-Analysis. Child: Care, Health and De-
velopment, 45, 744-753. https://doi.org/10.1111/cch.12701

Migueles, J.H., Cadenas-Sanchez, C., Lubans, D.R., Henriksson, P., Torres-Lopez,
L.V., Rodriguez-Ayllon, M., et al (2023) Effects of an Exercise Program on Cardi-
ometabolic and Mental Health in Children with Overweight or Obesity: A Secondary
Analysis of a Randomized Clinical Trial. JAMA Network Open, 6, €2324839.
https://doi.org/10.1001/jamanetworkopen.2023.24839

Tsiros, M.D., Vincent, H.K., Getchell, N. and Shultz, S.P. (2021) Helping Children

DOI: 10.4236/jbm.2025.133025

347 Journal of Biosciences and Medicines


https://doi.org/10.4236/jbm.2025.133025
https://doi.org/10.1002/14651858.cd001871.pub4
https://doi.org/10.1186/s12889-022-14869-0
https://doi.org/10.1089/chi.2019.0059
https://iris.who.int/bitstream/handle/10665/352618/9789240037281-spa.pdf
https://doi.org/10.1016/j.jneb.2020.03.003
https://doi.org/10.1016/j.ypmed.2021.106562
https://doi.org/10.1007/s40368-019-00458-0
https://doi.org/10.3390/nu14010157
https://doi.org/10.1016/s2214-109x(23)00092-x
https://doi.org/10.1016/j.foodres.2019.02.027
https://doi.org/10.1111/obr.13387
https://doi.org/10.1111/cch.12701
https://doi.org/10.1001/jamanetworkopen.2023.24839

H. P. Ndfiez-Rivas et al.

(53]

(54]

(55]

(56]

(571

(58]

(59]

(60]

(61]

with Obesity “Move Well” to Move More: An Applied Clinical Review. Current
Sports Medicine Reports, 20, 374-383. https://doi.org/10.1249/jsr.0000000000000861

Ashwell, M. and Gibson, S. (2016) Waist-to-Height Ratio as an Indicator of “Early
Health Risk”: Simpler and More Predictive than Using a “Matrix” Based on BMI and
Waist Circumference. BMJ Open, 6, €010159.
https://doi.org/10.1136/bmjopen-2015-010159

Guthold, R., Stevens, G.A., Riley, L.M. and Bull, F.C. (2020) Global Trends in Insuf-
ficient Physical Activity among Adolescents: A Pooled Analysis of 298 Population-
Based Surveys with 1.6 Million Participants. The Lancet Child & Adolescent Health,
4, 23-35. https://doi.org/10.1016/s2352-4642(19)30323-2

Schwarzfischer, P., Gruszfeld, D., Socha, P., Luque, V., Closa-Monasterolo, R., Escrib-
ano, J. and Koletzko, B. (2021) Associations of Early Life and Behavioral Factors with
Children’s BMI Trajectories and Adult Obesity. Nutrients, 13, Article 2454.
https://doi.org/10.3390/nu13072454

Te Morenga, L., Mallard, S. and Mann, J. (2012) Dietary Sugars and Body Weight:
Systematic Review and Meta-Analyses of Randomised Controlled Trials and Cohort
Studies. BMJ, 346, e7492. https://doi.org/10.1136/bmj.e7492

Schwarz, J.M., Noworolski, S.M., Wen, M.]., Dyachenko, A., Prior, J.L., Weinberg,
M.E,, etal (2015) Effect of a High-Fructose Weight-Maintaining Diet on Lipogenesis
and Liver Fat. The Journal of Clinical Endocrinology & Metabolism, 100, 2434-2442.
https://doi.org/10.1210/jc.2014-3678

Sanchez-Martinez, F., Brugueras, S., Serral, G., Valmayor, S., Juarez, O., Lépez, M.].,
et al. (2021) Three-Year Follow-Up of the POIBA Intervention on Childhood Obe-
sity: A Quasi-Experimental Study. Nutrients, 13, Article 453.
https://doi.org/10.3390/nu13020453

Agu, N.V,, Okeke, K.N., Echendu, S.T., Onubogu, C.U., Ebenebe, J.C., Ulasi, T.O., et
al. (2023) Socio-Demographic Factors Associated with Obesity among Adolescents
in Secondary School in Onitsha, South East Nigeria. Open Journal of Endocrine and
Metabolic Diseases, 13, 85-106. https://doi.org/10.4236/0jemd.2023.137009

Rousham, E.K., Goudet, S., Markey, O., Griffiths, P., Boxer, B., Carroll, C., et al
(2022) Unhealthy Food and Beverage Consumption in Children and Risk of Over-
weight and Obesity: A Systematic Review and Meta-Analysis. Advances in Nutrition,
13, 1669-1696. https://doi.org/10.1093/advances/nmac032

Tunkara-Bah, H., Badjan, H.J. and Senghore, T. (2021) Dietary Factors Associated
with Being Overweight and Obese among School-Going Adolescents in Region One,
the Gambia. Heliyon, 7, €06486. https://doi.org/10.1016/j.heliyon.2021.e06486

DOI: 10.4236/jbm.2025.133025

348 Journal of Biosciences and Medicines


https://doi.org/10.4236/jbm.2025.133025
https://doi.org/10.1249/jsr.0000000000000861
https://doi.org/10.1136/bmjopen-2015-010159
https://doi.org/10.1016/s2352-4642(19)30323-2
https://doi.org/10.3390/nu13072454
https://doi.org/10.1136/bmj.e7492
https://doi.org/10.1210/jc.2014-3678
https://doi.org/10.3390/nu13020453
https://doi.org/10.4236/ojemd.2023.137009
https://doi.org/10.1093/advances/nmac032
https://doi.org/10.1016/j.heliyon.2021.e06486

	Sedentary Lifestyle, Total Carbohydrate and Added Sugar Intake, and Their Association with Overweight/Obesity in Costa Rican Children and Adolescents
	Abstract
	Keywords
	1. Introduction
	2. Method 
	2.1. Statistical Analysis
	2.2. General and Ethical Procedures

	3. Results 
	4. Discussion and Conclusions
	Funding
	Conflicts of Interest
	References

