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Reducing dietary intake of added sugars
could affect the nutritional adequacy of vitamin
A in adolescents: the Costa Rica case
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Abstract

Background In countries where sugar fortification with vitamin A is mandatory, strategies to reduce the prevalence
of overweight/obesity in adolescents that involve lowering added sugar intake could lead to vitamin A inadequate
intakes, since vitamin A-fortified sugar for home consumption contributes to a high proportion of this vitamin intake
in the adolescent diet.

Methods The study employed a hierarchical linear model to perform a mediation analysis on a cross-sectional sam-
ple of adolescents (13-18 years old) in the province of San José, Costa Rica.

Results Lowering the total energy intake derived from added sugars to less than 10% significantly increases the prev-
alence of vitamin A inadequate intake in adolescents by 12.1% (from 29.6% to 41.7%). This is explained by the media-
tion model in which, the reduced adequacy of vitamin A intake is mediated by a reduction in total energy intake
derived from added sugars fortified with vitamin A.

Conclusions The vitamin A fortification of sugar for household consumption should be reassessed according
to the current epidemiological profile in Costa Rica to promote strategies that reduce the prevalence of overweight/
obesity in adolescents by lowering the consumption of added sugars without affecting vitamin A intake.
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Background

High intakes of added sugars are associated with obesity
among adolescents [1-3]. This fact is relevant for Costa
Rican public health because 21% and 9.8% of adolescents
(13-19 years old) are overweight or obese, respectively

[4].
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Added sugars affect the interaction of neural and hor-
monal mechanisms, leading to reactivity towards the
consumption of palatable foods and the ensuing cycle of
overeating and increased excessive weight [5]. Consider-
ing this, the 2015-2020 Dietary Guidelines for Ameri-
cans [6], the most recent version of these guidelines [7],
and the 2022 Dietary Guidelines Based on Food Systems
for Adolescent and Adult Population in Costa Rica [8],
have recommended the percentage of daily total energy
intake from added sugars (TEI-AS) be less than 10%.
However, less than 10% of Costa Rican adolescents meet
this recommendation and about 70% consume more than
15% TEI-AS [9].

In Costa Rica, 74.0% of the added sugars consumed
by adolescents are provided at home. Nearly 30% of this
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total is contributed by frescos, a Costa Rican traditional
homemade beverage made by blending pieces of fresh
fruit or fruit juice, sugar, and water [9]. It is important
to note that, in Costa Rica, the sugar for household con-
sumption is fortified with 6-20 pg/g of vitamin A (vit-A)
[10] to ensure that it contains, on average, 8—9 pg/g of
vit-A [11].

However, considering the high prevalence of over-
weight/obesity among adolescents, the high consumption
of added sugars, and the potentially significant amount of
vit-A that added sugars could provide, a paradox arises
for Costa Rican public health to reduce or prevent obe-
sity during adolescence. Lowering the added sugar intake
to less than 10% TEI could lead to a markedly inadequate
vit-A intake in adolescents, especially since adolescents
are poor consumers of animal food sources of vit-A and
vit-A-rich fruits and vegetables [12].

The objective of this study was to perform, through a
statistical mediation analysis, a projection of the effect of
reducing the dietary intake of added sugars on the nutri-
tional adequacy of vit-A in a sample of Costa Rican ado-
lescents. As shown in the conceptual model (Fig. 1), this
study hypothesizes that the inadequacy of vit-A increases
when reducing the added sugar intake to less than 10%
TEI, mediated by a reduction in the total energy intake
from fortified sugar (TEI-FAS).

Methods

Study population and setting

The data came from a cross-sectional sample of adoles-
cents (13-18 years old; 7-11th graders) enrolled in 18
schools (10 urban and 8 rural) in the province of San José,
Costa Rica, in 2017. Most Costa Rican adolescents (80%)
are enrolled in school [13], and San José has the high-
est adolescent concentration (30%) in the country [14].
The study sample was estimated as previously described
[9]. Students with signed informed assent and signed
informed consent were selected to participate in the
study. The final study sample was 818 adolescents aged 13
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to 18 years. There was no sampling strategy of any kind
regarding the determination of TEI from added sugars.

The study protocol was approved by the Bioethics
Committee of the Costa Rican Institute for Research and
Education on Nutrition and Health (INCIENSA) under
number IC-2007-01.

Sociodemographic variables

A paper-based questionnaire was used to collect data on
sex, age, area of residence, parental education level, own-
ership of goods and access to services (e.g., computers,
internet, router, cable television, and water heating for
the whole house), and family structure. The information
on educational level and ownership of goods and access
to services was used to classify the socioeconomic status
(SES) using the k-means procedure [15].

Anthropometric assessment

Trained nutritionists measured height and weight follow-
ing standardized procedures [16]. The body mass index
(BMI) value for each participant was calculated from
measured height and weight values using the standard
equation: weight (kg)/height (m)?. Nutritional status was
determined using the BMI Z-score for age, as recom-
mended by World Health Organization [17]: <-2: under-
weight; >-2 and< +1: normal weight;>+1 and< +2:
overweight, and > +2: obesity. The categories of over-
weight and obesity were combined to provide a practical
operationalization and interpretation of the weight status
variable. Therefore, the nutritional status was operation-
alized as “overweight/obesity” vs. “non-overweight”.

Dietary intake assessment

Dietary intake data were collected via 3-day food records
completed by the participants in real-time and reviewed
by nutritionists. Participants were asked to complete a
3-day food record (two weekdays and one weekend day).
Data were collected during nine months of the school
year (February-November), reflecting seasonal variations

Total Energy Intake from
fortified-added sugar
(Mediator)

Total Energy Intake from

Prevalence of vitamin A

added sugars
(Treatment)

inadequate intake
(Dependent variable)

Fig. 1 Conceptual model depicting the reduction of the adequacy of vitamin A intake due to the effect of lowering total energy intake from added
sugars (TEI-AS), mediated by the reduction of total energy intake from fortified-added sugar (TEI-FAS)
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for Costa Rica: rainy season (May—November) and dry
season (December—April).

Epi Info™ software, version 3.5.4 [18], was used to
process data from the 3-day food records, and the food
and nutrients database of the School of Nutrition of the
University of Costa Rica was used with this tool. Data
were reported as means *standard deviations (SD) for
continuous variables and frequencies (%) for categorical
variables.

Usual dietary intake

Multiple Source Method (MSM; https://msm.dife.de/
tps/en), a web-based statistical modeling technique pro-
posed by the European Prospective Investigation into
Cancer and Nutrition (EPIC), was used to estimate usual
energy and nutrient intakes [19]. The usual dietary intake
is estimated with MSM by a 3 step-procedure: First, the
probability of eating a specific food on a random day is
estimated for each participant. Second, the usual amount
of dietary intake on a consumption day is estimated using
the inter- and intra-individual variance. Third, the result-
ing numbers from the first two steps are multiplied, to
estimate the usual daily intake for each participant [20].

Vitamin A assessment

Dietary intake of vit-A was estimated using the database
of the School of Nutrition of the University of Costa Rica
[21]. Dietary intake of vit-A was determined per person
per day and included vit-A from animal and vegetable
sources and foods fortified with this nutrient in Costa
Rica (sugar for household consumption and commer-
cially pasteurized cow milk).

The nutritional adequacy of vit-A intake was calculated
using the Estimated Average Requirement (EAR) for each
category of sex and age of adolescents, according to the
guidelines of the National Academy of Medicine (for-
merly the Institute of Medicine) of the United States [22].
Nutrient adequacy was calculated using the cut-off point
method [23], as shown in Eq. 1.

Usual Dietary Intake of Vitamin A
%EAR = il x 100
Vitamin A EAR

(1)

The EAR cut-point method was used because all the

assumptions the Institute of Medicine indicated for its

use were met [24]. A vit-A percentage of EAR (%EAR)

less than 100% was considered indicative of inadequate
vit-A intake [24].

Added sugars assessment

The dietary intake of added sugars was estimated as
previously described [9]. Given that the World Health
Organization (WHO) does not provide a specific
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recommendation for added sugars, the analyses used the
recommendation of consuming<10% TEI from added
sugars (TEI-AS) established by the 2015-2020 edition of
the Dietary Guidelines for Americans (DGA) as a basis
for comparison [6].

Statistical analyses

The statistical analyses were performed in two steps.
First, an exploratory analysis was performed to examine
the association between some of the study variables. Sec-
ond, an analysis was conducted to quantify the media-
tional effect on vit-A intake due to a change in the intake
of added sugars.

Exploratory analysis

To determine the association between the variables
included in the dataset, the correlation between quan-
titative variables was measured and the effect of the
qualitative variables was analyzed using scatterplots and
boxplots. In general terms, there is a positive association
between log %EAR and TEI-FAS, regardless of socioeco-
nomic status. The association between these variables
was calculated using the Pearson correlation, which is
0.447 (p<0.001). Moreover, for low and high socioeco-
nomic statuses, a TEI-FAS level seems to exist such that
there is a decrease in log %EAR for larger values of TEI-
FAS. These details are shown in Fig. 2.

Furthermore, TEI-FAS appears to be slightly larger in
rural versus urban areas. It is important to note that there
is no substantial collinearity between TEI-FAS and TEI-
AS, as evidenced by their Pearson correlation coefficient
of approximately 0.316 (p<0.001). This assures us that
multicollinearity concerns are unlikely to affect the linear
model we introduce in the following section.

Statistical mediation model
The statistical model used in this study follows the ideas of
Imai [25, 26] in the sense that a hierarchical linear model
formed by output and mediator components can isolate
the mediational effect on an output or dependent vari-
able (in this case, EAR) under a given level of a treatment
variable (in this case, TEI-AS). To reduce the effect of con-
founding factors, the TEI-FAS variable was incorporated
into the model as a mediator variable, based on the appar-
ent linear relationship between TEI-FAS and TEI-AS.
Based on the previous exploratory analysis and taking
prior evidence into account [9, 27], a linear output model
with log %EAR as the dependent variable was defined,
using sex, age, and socioeconomic status as covari-
ates, TEI-FAS as the quadratic function, and TEI-AS as
the treatment variable. On the other hand, the media-
tor model has TEI-FAS as the dependent variable, with
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Fig. 2 Association between the logarithm of %EAR (log %EAR) and TEIl from fortified-added sugar (TEI-FAS) according to socioeconomic status

socioeconomic status and residence area as covariates,
and TEI-AS as the treatment variable. Therefore, the
model can be written as follows:

fitted, the mediation effect [31] was estimated through
ACME [25, 26] as a way to quantify the potential out-
come that results from a treatment change through the

log%EAR = a9 + a1Sex + arAge + a3SES1ow + aSES ppedium + a5 TEI — FAS + ag TET — FAS? + a7 xTEI — AS,1 +agxTEI — AS,2 + ¢ (2)
TEI — FAS = Bo + Bix TEI — AS, 1+ Box TEI — AS,2 + B3SESLow + BaSESMedium + BsAreagyrar + 1

where:

+ %EAR: nutrient adequacy, defined according to Eq. 1.

+ SES: socioeconomic status.

o TEI-FAS: total energy intake from fortified-added
sugar.

o xTEI-AS : 0 if TEI-AS is less than 10%; 1 if TEI-AS
is equal or greater than 10% and less than 20%, or 2
otherwise. The TEI-AS term is repeated because it is
a categorical covariate with three levels, and then it
is represented as two dummy variables in the linear
model.

o Area: residence area (rural, urban).

» gand 7 are non-correlated centered Gaussian errors.

The output and mediator models defined in Eq. 2 were
fitted using the R package mediator [28]. This package
offers a bootstrap-based approach [29] to determine
the uncertainty of the average causal mediation effect
(ACME) estimates, with bias correction [30]. The calcula-
tion of ACME estimates was performed with 1000 sam-
ples. Level 0 of TEI-AS (less than 10%) was considered as
the baseline treatment status.

The fitting process on both models should be done
individually, and maximum-likelihood criteria were used
to perform that estimation [25]. Once both models were

mediator variable. In this process, it was assumed that the
treatment variable (TEI-AS) was randomized throughout
the study. Moreover, to compute ACME effectively, it was
assumed that the mediator variable was completely ran-
domized under fixed values of the remaining covariates
and the treatment variables. These hypotheses can be
confirmed due to the sampling features of the study.

The uncertainty of ACME estimates was computed
using Bootstrap. Bootstrap-based confidence intervals
have been recommended in previous studies for the esti-
mation of mediation effects [29]. To improve the preci-
sion of the ACME estimates, the bias-corrected version
of those intervals was used in the calculations.

A complementary analysis was conducted to con-
firm the mediating effect of reducing TEI-AS on vit-A
adequacy. This involved applying the reduction percent-
ages of the %EAR of vit-A according to changes in TEI-
AS (according to the<10% TEI recommendation) to the
original %EAR of vit-A for each individual.

Results

The mean age of the study sample was 15.3 y+ 1.8, with
63.9% girls, 50.2% urban residents, 32.6% with over-
weight/obesity, and 32.2% and 39.7% adolescents of low
and middle socioeconomic status respectively (Table 1).
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Table 1 General and dietary intake characteristics of the Costa
Rican adolescents sample
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Table 2 Estimated coefficients for the output and mediator
models in a Costa Rican adolescents sample (n=818)

Characteristics n=818* Model Term Estimate p-value'
Study population Output Sex
Age (years) 153+18 Girls 0.1265 <0.0001
Girls (%) 63.9 Age -0.0350 <0.0001
Urban (%) 502 Socioeconomic status
Overweight/obesity (%) 326 Low -0.1629 <0.0001
Socioeconomic status (%) Medium -0.0370
Low 322 TEI-FAS 6.3363 <0.0001
Middle 39.7 TEI-FAS? -12.7405 <0.0001
High 28.1 XTEI-AS
Total energy intake (TEI, kcal) 1940+603 10% <TEI < 20% 0.0584 0.1607
Sugar intake TEI>20% 0.0082
Total sugar (g/d) 1154514 Intercept 04198 <0.0001
Total added sugars (g/d) 94.5+£483 Mediator Residence area
Added sugar fortified with vitamin A (g/d) 273+250 Rural 0.0086 0.0120
Added sugars unfortified (g/d) 67.3+446 Socioeconomic status
TEI from added sugars (TEI-AS, %)® Low 0.0098 0.0290
TEI<10% 9.5 Medium 0.0109
10% <TEI<20% 46.7 XTEI-AS
TEI=20% 438 10% <TEI<20% 0.0312 <0.0001
Dietary intake of vitamin A (pg/d) TEI>20% 0.0513
Total vitamin A (pg/d) 699 +455 Intercept 0.0083 0.1600
Vitamin A from fortified-added sugar (ug/d) 218+200 Abbreviations: TEl total energy intake, TEI-AS TEI from added sugars, TEI-FAS
Vitamin A from other food sources (ug/d) 480+402 TEI from fortified-added sugar, x TE/-AS TEl from added sugars in 3 categories
Adequacy of vitamin A intake (%)¢ (<10%; 10% to < 20%, and > 20%)
>EAR 704 ! p-value < 0.05 is statistically significant
80-99.9% EAR 139
<80% EAR 15.7

Fortified-added sugar intake per range of vitamin A intake
adequacy (g/d)

>EAR 33.8+£26.0
80-99.9% EAR 158+15.1
<80% EAR 8.0£8.2

Abbreviations: TEl total energy intake, TEI-AS TEl from added sugars, EAR
Estimated Average Requirement

?Values are means+ SD or percentages unless otherwise indicated
b Proportion of adolescents according to their TEI-AS

¢ Proportion of adolescents according to their range of vitamin A intake
adequacy

The mean added sugar intake was 94.5 g/d, of which
29% (27.3 g/d) came from vit-A fortified-added sugar.
Only 9.5% of adolescents met the recommended dietary
intake of added sugars (<10% TEI), while 43.8% con-
sumed more than 20% TEI-AS. The mean dietary intake
of vit-A was 699 pg/d, of which 31% (218 pg/d) came
from fortified-added sugar (FAS). About 70% of adoles-
cents had an adequate intake of vit-A (EAR>100%) and
around 30% had an inadequate intake. Adolescents with
a vit-A adequate dietary intake (>EAR) consumed an

average of 33.8 g/d of FAS; however, this consumption
was 2—4 times lower in those with an inadequate intake.
The output and mediator models defined in Eq. 2 were
fitted separately using maximum-likelihood criteria, and
the results are shown in Table 2.

Note that all the covariates in the output model are
significant according to the F-test, except the TEI-AS
indicator, which is significant only through the media-
tor model with the TEI-FAS dependent variable. Moreo-
ver, there is a significant quadratic relationship between
TEI-FAS and log %EAR, suggesting that the growth rate
of TEI-FAS is neither constant nor linear over log %EAR.
Possibly because the relationship between both variables
is not homogeneous between different individuals and
the changes reflected in log %EAR do not depend exclu-
sively on increases in TEI-FAS but also on other die-
tary factors associated with dietary intake of vit-A. The
remaining covariates (SES and residence area) are also
significant in the mediator model.

By using an exponential transformation on the ACME
estimator, the reduction in the vit-A %EAR, due to a
change in TEI-AS from between 10% and <20% to < 10%,
was computed as 15.5% (CI 95% [12.2%, 19.2%]). When
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the change in TEI-AS was from>20% to<10%, the
respective reduction in vit-A %EAR was estimated as
23.4% (CI 95% [20.5%, 27.4%]). Both estimators show the
causal mediational effect on the dependent variable using
TEI-FAS as the mediator variable.

The result of the mediating effect of reducing TEI-AS
on vit-A adequacy (Fig. 3) showed that decreasing TEI-
AS to less than 10% results in a significant increase in the
prevalence of vit-A inadequacy among adolescents, by
12.1% (from 29.6% to 41.7%). Figure 3 also highlights the
presence of an interaction between the average reduction
of the TEI-AS variable and the indicator of vit-A intake
adequacy. This relationship has been rigorously examined
and statistically explained using the mediator model pre-
sented in Eq. 2. Moreover, the graphical association can
be confirmed by the significant mediating effect observed
in the output and mediator hierarchical models.

Discussion
According to our hypothesis and the statistical media-
tor model developed for this study, reducing added sugar
consumption significantly increases the proportion of
Costa Rican adolescents with inadequate vit-A intake
(from 29.6% to 41.7%), mediated by a reduction in TEI
derived from added sugars fortified with vit-A.
Inadequate intake of vit-A has been identified as
the leading cause of preventable childhood blindness
and a major contributor to morbidity and mortal-
ity from infections in children and pregnant women
in developing countries [32]. However, an inadequate
dietary intake of vit-A could also have deleterious
consequences for adolescent health. Vit-A is a crucial
component of many important and diverse biologi-
cal functions, including reproduction, embryological
development, cellular differentiation, growth, immunity
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[33], and new biological functions for vit-A are con-
tinuously being discovered in new fields such as lipid
metabolism, insulin response, cardiovascular disease,
and obesity [34].

Vit-A intake does not correlate with serum retinol
levels because 1) serum retinol levels are controlled
homeostatically within a narrow range and do not
change unless liver reserves are very low or high [35],
2) serum retinol levels increase during pubertal matu-
ration in both boys and girls [36], and 3) due to oral
contraceptive use in adolescent girls [37]. It has been
pointed out that the effect of these factors on retinol
levels does not necessarily reflect a good vit-A status,
but merely that the body’s retinol stores have been
redistributed from the liver into circulation [37]. Mean-
while, an inadequate intake of vit-A for four months
can lead to the depletion of retinol stores in the liver
[38] and generate a deficiency in serum levels, as evi-
denced in adolescents in Brazil [39], China [40], the
Philippines [41], Iran [42], and India [43]. Although it
has been suggested that vit-A deficiency is manifested
primarily as a subclinical disease in the Americas [44],
it could generate deleterious effects on the health of
adolescents through different pathways, such as those
mentioned in the introduction [33, 34].

Although for the last five decades, the vit-A fortifica-
tion of sugar for household consumption has indeed
been very successful in reducing the prevalence of
vit-A deficiency in Costa Rica [11], rethinking the
vit-A fortification of sugar for household consumption
would be advantageous for strategies aimed at prevent-
ing overweight/obesity and cardiometabolic diseases
since a substantial reduction in vit-A intake in adoles-
cents could be avoided. This study sheds new light on
the dilemma that decisions taken to improve a public

TEI-AS: Reduction status

e \NVithout reduction

e \\/ith reduction

Adequate (=EAR)

Inadequate (<EAR)

Vitamin A Intake
Fig. 3 Potential increase in the prevalence of vitamin A inadequacy due to the effect of reducing total energy intake from added sugars (TEI-AS),

mediated by total energy intake from fortified-added sugar (TEI-FAS)
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health problem in past decades could generate, given
new challenges associated with the current epidemio-
logical profile of a country.

The need to continue fortifying sugar for household
consumption with vit-A in Costa Rica should be recon-
sidered, since this is the primary source of vit-A in the
adolescent diet and its consumption significantly exceeds
the recommended 10% TEI [9] and 21% and 9.8% of
Costa Rican adolescents (13—19 years old) are overweight
or obese, respectively [4]. This issue requires in-depth
and critical analysis by public health stakeholders since
one of the strategies promoted by the WHO to reduce
the prevalence of obesity from an early age is to decrease
the consumption of added sugars [45].

The epidemiological profile in Costa Rica has changed
substantially since the fortification of sugar for household
consumption with vit-A began. In the 1970s and 1980s,
the high prevalence of malnutrition [46] and the control
of vit-A deficiency achieved by fortifying sugar led to the
fortification program being strongly promoted by the
health authorities [47]. The health authorities have per-
petuated the sugar fortification program, even when the
prevalence of obesity in preschool and school children
and adolescents has increased continuously since the
1990s [8] and the prevalence of vit-A deficiency (without
correction for inflammatory markers: C-reactive pro-
tein and alpha-1-acid glycoprotein) was low in the last
National Nutrition Survey carried out in 2008—2009 (pre-
school children: 2.8%; school children: 2.1%) [48]. Some
authors have suggested that the prevalence of vit-A defi-
ciency in Costa Rica could be somewhat overestimated
due to the lack of adjustment for inflammatory markers
[48]. In addition, there is no information on the preva-
lence of vit-A deficiency in Costa Rican adolescents.

The edible oils are an ideal matrix for fortification
with vit-A which must be analyzed in Costa Rica and
other contexts where vit-A fortification of sugar for
household consumption is mandatory and the preva-
lence of overweight/obesity tends to increase in both
children and adolescents. According to the Interna-
tional Vitamin A Consultative Group, the fortification
method of edible oils is well-established, simple, and
easy to implement at a low cost [49]. The fortification
of edible oils would not promote their excessive intake;
instead, it would foster the consumption of a healthy
fatty acid profile. In the last decade, several countries
worldwide have initiated national mandatory programs
to fortify cooking oil with 15-30 pg/g of vit-A [50].
However, to date, there is no information available on
the reduction of subclinical vit-A deficiency through
fortification with edible oils [51].

Nevertheless, the use of sugar for household consump-
tion or fortified edible oils as vehicles to improve vit-A
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intake could increase the risk of overweight/obesity in
the population. Preferably, before promoting the con-
sumption of high-caloric foods fortified with vitamin A,
it is necessary to conduct nutritional interventions to
reduce the consumption of these foods before adjusting
fortification levels. Therefore, a public health strategy
could promote the adequate intake of vit-A via the con-
sumption of an amount of sugar or oils compatible with
the prevention of overweight/obesity. In addition, it is
crucial to promote the consumption of vit-A-rich fruits
and vegetables, even though retinol conversion capacity
of the provitamin-A carotenoids contained in these foods
is also very low (between 3.6:1 and 28:1) [52].

Study limitations and strengths

This study had several limitations including its cross-
sectional design, which meant we could not examine
causality. From a methodological point of view, media-
tion analysis (like any statistical methodology) has its
limitations. For example, it relies on strong assumptions
about the causal structure of the data [53], and there can
be remaining unmeasured confounding variables in the
analysis due to the simplification of the hierarchical mod-
els [26, 53]. However, the methodology used to develop
the model is statistically robust and provides insights into
the underlying causal mechanisms linking the output and
treatment variables [54]. It also helps in identifying con-
founding variables by measuring the direct and indirect
effects of the treatment variable on the outcome [25], and
it can handle complex hierarchical relationships among
the outcome, mediator, and treatment variables, includ-
ing non-linear relationships [55].

Conclusions

Lowering the consumption of added sugar to less than
10% TEI could significantly reduce the nutritional ade-
quacy of vit-A intake and could increase the risk of vit-A
deficiency in Costa Rican adolescents. The vit-A fortifica-
tion of sugar for household consumption should be reas-
sessed according to the prevailing epidemiological profile
in Costa Rica to promote strategies that reduce the prev-
alence of overweight/obesity in adolescents by lowering
the consumption of added sugars without affecting vit-A
intake. The results of this study are relevant for Costa
Rican public health, as well as for those countries where
the fortification of sugar with vitamin A is mandatory
and the prevalence of overweight/obesity in children and
adolescents is increasing.

Abbreviations

ACME Average Causal Mediation Effect
EAR Estimated Average Requirement
SES Socioeconomic Status
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TEI Total Energy Intake

TEI-AS  Total Energy Intake from Added Sugars

TEI-FAS  Total Energy Intake from Fortified-Added Sugar
Vit-A Vitamin A

Acknowledgements

The authors are grateful to Dr. Ana Leonor Rivera for her support in data
collection. The Center for Pure and Applied Mathematics (CIMPA) of the Uni-
versity of Costa Rica thanks the Inciensa Foundation for the grant endorsed to
Dr. Luis Barboza for covering this article processing charges.

Authors’ contributions

R M-R: Conceptualization, Writing - review &; editing, Supervision, Project
administration, Funding acquisition. LB: Methodology, Formal analysis, Writing
- review &; editing. RV-Q: Conceptualization, Methodology, Writing - review &
editing..

Funding

This work was supported by the Tobacco Control Program of the Department
for Strategic Planning and Evaluation of Health Actions of the Costa Rican Min-
istry of Health (agreements DM-FG-4854-14 and DM-FG.1748-2018). The sup-
porting source had no involvement or any restrictions regarding publication.
Tobacco Control Program of the Department for Strategic Planning and Evalu-
ation of Health Actions of the Costa Rican Ministry of Health, DM-FG-4854-14
and DM-FG.1748-2018 DM-FG-4854-14 and DM-FG.1748-2018 DM-FG-4854-14
and DM-FG.1748-2018

Availability of data and materials
The data underlying this article will be shared on reasonable request to the
corresponding author.

Declarations

Ethics approval and consent to participate

To carry out this study, all guidelines for human subject research were strictly
performed, in accordance with the Declaration of Helsinki, and specifically
with Law 9234 "Regulatory Law of Biomedical Research’, which regulates bio-
medical research in Costa Rica. Written informed consent was obtained from
all the participants and from the parents of the participants who were below
18 years of age according to what is indicated in the Costa Rican biomedical
research legislation. This study was approved by the Bioethics Committee of
the Costa Rican Institute for Research and Education in Nutrition and Health
(INCIENSA). The study protocol was approved under number IC-2007-01.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 4 July 2023 Accepted: 16 November 2023
Published online: 14 December 2023

References

1. Magriplis E, Michas G, Petridi E, Chrousos GP, Roma E, Benetou V, et al.
Dietary sugar intake and its association with obesity in children and
adolescents. Children. 2021;8(8):676. Available from: https://www.mdpi.
com/2227-9067/8/8/676. Cited 2022 Nov 2.

2. Vos MB, Kaar JL, Welsh JA, Van Horn LV, Feig DI, Anderson CAM, et al.
Added sugars and cardiovascular disease risk in children: a scien-
tific statement from the American Heart association. Circulation.
2017;135(19):e1017-34. Available from: https://www.ahajournals.org/doi/
10.1161/CIR.0000000000000439. Cited 2022 Nov 2.

3. Berkey CS, Rockett HRH, Field AE, Gillman MW, Colditz GA. Sugar-added
beverages and adolescent weight change. Obes Res. 2004;12(5):778-88.
Available from: http://doi.wiley.com/10.1038/0by.2004.94. Cited 2022
Nov 2.

Page 8 of 10

Ministerio de Salud, Costa Rica. Encuesta Colegial de vigilancia nutricional
y de actividad Fisica [High School survey of nutritional surveillance and
physical activity]. Costa Rica: Ministerio de Salud; 2020. Available from:
https://www.ministeriodesalud.go.cr/index.php/biblioteca-de-archi
vos-left/documentos-ministerio-de-salud/vigilancia-de-la-salud/normas-
protocolos-guias-y-lineamientos/vigilancia-nutricional/censos-y-encue
stas/encuesta-colegial-de-vigilancia-nutricional-y-actividad-fisica-2018-
vigilancia-de-la-salud/5296-informe-de-resultados-encuesta-colegial-
2018/file. Cited 2022 Oct 3.

Jones S, Luo S, Dorton HM, Yunker AG, Angelo B, Defendis A, et al. Obesity
and dietary added sugar interact to affect postprandial GLP-1 and its
relationship to striatal responses to food cues and feeding behavior. Front
Endocrinol. 2021;12:638504. Available from: https://www.frontiersin.org/
articles/10.3389/fendo.2021.638504/full. Cited 2022 Nov 2.

U.S. Department of Health and Human Services and U.S. Department of
Agriculture. 2015-2020 Dietary Guidelines for Americans. 8th Edition.
2015. Available from: http://health.gov/dietaryguidelines/2015/guide
lines/. Cited 2022 Nov 2.

Snetselaar LG, De Jesus JM, DeSilva DM, Stoody EE. Dietary guidelines for
Americans, 2020-2025: understanding the scientific process, guidelines,
and key recommendations. Nutr Today. 2021;56(6):287-95. Available
from: https://journals.lww.com/10.1097/NT.0000000000000512. Cited
2023 Sep 27.

Ministerio de Salud, Costa Rica. Documento técnico de las Guias Alimen-
tarias Basadas en Sistemas Alimentarios para la poblacién mayor de 2
anos de edad, Costa Rica. FAO; 2022. Available from: https://www.minis
teriodesalud.go.cr/guiasalimentarias/gabsa/pageflips/documento-tecni
co.htmlitbook/. Cited 2023 Feb 15.

Monge-Rojas R, Vargas-Quesada R, Colén-Ramos U, Chinnock A. Dietary
intake and sources of added sugars in various food environments in costa
rican adolescents. Nutrients. 2022;14(5):959. Available from: https://www.
mdpi.com/2072-6643/14/5/959. Cited 2022 Nov 2.

Ministerio de Salud, Costa Rica. Reformas al “Reglamento técnico para

la fortificacion con vitamina A del azicar blanco de plantacion para el
consumo directo. Decreto N° 39020-S. La Gaceta N° 102, 28 de mayo de
2015.2018. Available from: https://www.imprentanacional.go.cr/pub/
2015/05/28/COMP_28_05_2015.html. Cited 2022 Nov 2.

. Ministerio de Salud, Costa Rica. Encuesta Nacional de Nutricién

2008-2009. Fasciculo 2: Micronutrientes / Ministerio de Salud, Instituto
Costarricense de Investigacion y Ensenanza en Nutricion y Salud, Caja
Costarricense de Seguro Social, Instituto Costarricense de Estadistica y
Censos, Instituto Costarricense sobre Drogas. Ministerio de Salud, Costa
Rica; 2012. Available from: https://www.binasss.sa.cr/opac-ms/media/
digitales/Encuesta%20nacional%20de%20nutrici%C3%B3n.%20Fasc%
C3%ADculo%202.%20Micronutrientes.pdf. Cited 2023 Jan 5.
Monge-Rojas R, Vargas-Quesada R, Gémez G. Role of residence area on
diet diversity and micronutrient intake adequacy in urban and rural Costa
Rican Adolescents. Nutrients. 2022;14(23):5093. Available from: https://
www.mdpi.com/2072-6643/14/23/5093. Cited 2022 Dec 1.

Programa Estado de la Nacion. Sétimo Informe Estado de la Educacién/
Seventh State of Education Report. San José, Costa Rica: Programa Estado
de la Nacién; 2019. Available from: https://estadonacion.or.cr/wp-conte
nt/uploads/2019/08/Estado-Educaci%C3%B3n-RESUMEN-2019-WEB.pdf.
Cited 2022 Sep 16.

Instituto Nacional de Estadistica y Censos, Costa Rica. Personas menores
de edad a la luz del censo 2011 [Minors in light of the census 2011].
Costa Rica: INEC. Available from: https://accionsocial.ucrac.cr/sites/defau
[t/files/documentos/personas_menores_de_edad_a_la_luz_del_censo_
2011.pdf. Cited 2022 Oct 3.

Bartholomew DJ, editor. Analysis of Multivariate Social Science Data. 2nd
ed. Boca Raton: CRC Press; 2008. 371 p. (Chapman & Hall/CRC statistics in
the social and behavioral sciences series).

Preedy VR, editor. Handbook of anthropometry: physical measures of
human form in health and disease. New York: Springer; 2012. 4 p.

World Health Organization. WHO Child Growth Standards: Length/
height-for-age, weight-for-age, weight-for-length, weight-for-height and
body mass index-for-age; methods and development. Onis M de, editor.
Geneva: WHO Press; 2006. 312 p. (WHO child growth standards).

Centers for Disease Control and Prevention. Epi Info 3.5.4. Atlanta,
Georgia: Centers for Disease Control and Prevention, USA; 2012. Available
from: https://www.cdc.gov/epiinfo/esp/es_index.html


https://www.mdpi.com/2227-9067/8/8/676
https://www.mdpi.com/2227-9067/8/8/676
https://www.ahajournals.org/doi/10.1161/CIR.0000000000000439
https://www.ahajournals.org/doi/10.1161/CIR.0000000000000439
http://doi.wiley.com/10.1038/oby.2004.94
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/encuesta-colegial-de-vigilancia-nutricional-y-actividad-fisica-2018-vigilancia-de-la-salud/5296-informe-de-resultados-encuesta-colegial-2018/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/encuesta-colegial-de-vigilancia-nutricional-y-actividad-fisica-2018-vigilancia-de-la-salud/5296-informe-de-resultados-encuesta-colegial-2018/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/encuesta-colegial-de-vigilancia-nutricional-y-actividad-fisica-2018-vigilancia-de-la-salud/5296-informe-de-resultados-encuesta-colegial-2018/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/encuesta-colegial-de-vigilancia-nutricional-y-actividad-fisica-2018-vigilancia-de-la-salud/5296-informe-de-resultados-encuesta-colegial-2018/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/encuesta-colegial-de-vigilancia-nutricional-y-actividad-fisica-2018-vigilancia-de-la-salud/5296-informe-de-resultados-encuesta-colegial-2018/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/encuesta-colegial-de-vigilancia-nutricional-y-actividad-fisica-2018-vigilancia-de-la-salud/5296-informe-de-resultados-encuesta-colegial-2018/file
https://www.frontiersin.org/articles/10.3389/fendo.2021.638504/full
https://www.frontiersin.org/articles/10.3389/fendo.2021.638504/full
http://health.gov/dietaryguidelines/2015/guidelines/
http://health.gov/dietaryguidelines/2015/guidelines/
https://journals.lww.com/10.1097/NT.0000000000000512
https://www.ministeriodesalud.go.cr/guiasalimentarias/gabsa/pageflips/documento-tecnico.html#book/
https://www.ministeriodesalud.go.cr/guiasalimentarias/gabsa/pageflips/documento-tecnico.html#book/
https://www.ministeriodesalud.go.cr/guiasalimentarias/gabsa/pageflips/documento-tecnico.html#book/
https://www.mdpi.com/2072-6643/14/5/959
https://www.mdpi.com/2072-6643/14/5/959
https://www.imprentanacional.go.cr/pub/2015/05/28/COMP_28_05_2015.html
https://www.imprentanacional.go.cr/pub/2015/05/28/COMP_28_05_2015.html
https://www.binasss.sa.cr/opac-ms/media/digitales/Encuesta%20nacional%20de%20nutrici%C3%B3n.%20Fasc%C3%ADculo%202.%20Micronutrientes.pdf
https://www.binasss.sa.cr/opac-ms/media/digitales/Encuesta%20nacional%20de%20nutrici%C3%B3n.%20Fasc%C3%ADculo%202.%20Micronutrientes.pdf
https://www.binasss.sa.cr/opac-ms/media/digitales/Encuesta%20nacional%20de%20nutrici%C3%B3n.%20Fasc%C3%ADculo%202.%20Micronutrientes.pdf
https://www.mdpi.com/2072-6643/14/23/5093
https://www.mdpi.com/2072-6643/14/23/5093
https://estadonacion.or.cr/wp-content/uploads/2019/08/Estado-Educaci%C3%B3n-RESUMEN
https://estadonacion.or.cr/wp-content/uploads/2019/08/Estado-Educaci%C3%B3n-RESUMEN
https://accionsocial.ucr.ac.cr/sites/default/files/documentos/personas_menores_de_edad_a_la_luz_del_censo_2011.pdf
https://accionsocial.ucr.ac.cr/sites/default/files/documentos/personas_menores_de_edad_a_la_luz_del_censo_2011.pdf
https://accionsocial.ucr.ac.cr/sites/default/files/documentos/personas_menores_de_edad_a_la_luz_del_censo_2011.pdf
https://www.cdc.gov/epiinfo/esp/es_index.html

Monge-Rojas et al. BMC Public Health

20.

21

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32

33.

34

35.

(2023) 23:2503

Harttig U, Haubrock J, Kntippel S, Boeing H, on behalf of the EFCOVAL
Consortium. The MSM program: web-based statistics package for esti-
mating usual dietary intake using the multiple source method. Eur J Clin
Nutr. 2011;65(51):587-91. Available from: https://www.nature.com/artic
les/ejcn201192. Cited 2022 Nov 2.

German Institute of Human Nutrition Potsdam-Rehbrticke. Multiple
Source Method (MSM) for estimating usual dietary intake from short-
term measurement data: User Guide. 2011. Available from: https.//msm.
dife.de/static/MSM_UserGuide.pdf. Cited 2023 Sep 25.

Escuela de Nutricién, UCR. ValorNut UCR: Programa para el calculo de
valor nutritivo de los alimentos. San José, Costa Rica: Escuela de Nutri-
cién, UCR. Available from: http://nutricion2.ucrac.cr/auth/register. Cited
2022 Sep 10.

Institute of Medicine (U.S.), editor. DRI: dietary reference intakes for
vitamin A, vitamin K, arsenic, boron, chromium, copper, iodine, iron, man-
ganese, molybdenum, nickel, silicon, vanadium, and zinc: a report of the
Panel on Micronutrients ... and the Standing Committee on the Scientific
Evaluation of Dietary Reference Intakes, Food and Nutrition Board, Insti-
tute of Medicine. Washington, D.C: National Academy Press; 2001. 773 p.
Institute of Medicine (US) Subcommittee on Interpretation and Uses

of Dietary Reference Intakes. Dietary Reference Intakes: Applications in
Dietary Assessment. Washington, D.C.: National Academies Press; 2000.
Available from: http://www.nap.edu/catalog/9956. Cited 2022 Oct 11.
Barr SI. Applications of dietary reference intakes in dietary assessment
and planning. Appl Physiol Nutr Metab. 2006;31(1):66-73. Available from:
http://www.nrcresearchpress.com/doi/10.1139/h05-020. Cited 2023 Mar
6.

Imai K, Keele L, Tingley D. A general approach to causal mediation analy-
sis. Psychol Methods. 2010;15(4):309-34. Available from: http://doi.apa.
org/getdoi.cfm?doi=10.1037/a0020761. Cited 2023 Mar 6.

Imai K, Keele L, Yamamoto T. Identification, inference and sensitivity
analysis for causal mediation effects. Stat Sci. 2010;25(1):51-71. Available
from: https://projecteuclid.org/journals/statistical-science/volume-25/
issue-1/Identification-Inference-and-Sensitivity-Analysis-for-Causal-Media
tion-Effects/10.1214/10-STS321 full. Cited 2023 Mar 6.

Madjdian DS, Azupogo F, Osendarp SJM, Bras H, Brouwer ID. Socio-
cultural and economic determinants and consequences of adolescent
undernutrition and micronutrient deficiencies in LLMICs: a systematic
narrative review: adolescent undernutrition and associations in LLMICs.
Ann N'Y Acad Sci. 2018;1416(1):117-39. Available from: https://onlinelibr
ary.wiley.com/doi/10.1111/nyas.13670. Cited 2023 Mar 6.

Tingley D, Yamamoto T, Hirose K, Keele L, Imai K. mediation: R package for
causal mediation analysis. J Stat Softw. 2014;59(5):1-38. Available from:
http://wwwjstatsoft.org/v59/i05/. Cited 2023 Mar 6.

Preacher KJ, Hayes AF. Asymptotic and resampling strategies for assessing
and comparing indirect effects in multiple mediator models. Behav Res
Methods. 2008;40(3):879-91. Available from: http://link.springer.com/10.
3758/BRM.40.3.879. Cited 2023 Mar 6.

DiCiccio TJ, Efron B. Bootstrap confidence intervals. Stat Sci.
1996;11(3):189-228. Available from: https://projecteuclid.org/journals/
statistical-science/volume-11/issue-3/Bootstrap-confidence-intervals/10.
1214/55/1032280214.full. Cited 2023 Mar 6.

Pearl J. Direct and indirect effects”. In proceedings of the 17th confer-
ence on uncertainty in artificial intelligence. San Francisco CA Morgan
Kaufmann. 2001;20:411. Available from: https://dl.acm.org/doi/pdf/10.
5555/2074022.2074073. Cited 2023 Jan 6.

WHO. Global prevalence of vitamin A deficiency in populations at risk
1995-2005. Geneva: World Health Organization; 2009. Available from:
https://apps.who.int/iris/bitstream/handle/10665/44110/9789241598
019_eng.pdf. Cited 2022 Nov 2.

Polcz ME, Barbul A. The role of vitamin A in wound healing. Nutr Clin
Pract. 2019;34(5):695-700. Available from: https://onlinelibrary.wiley.com/
doi/10.1002/ncp.10376. Cited 2022 Nov 2.

Blaner WS. Vitamin A signaling and homeostasis in obesity, diabetes, and
metabolic disorders. Pharmacol Ther. 2019;197:153-78. Available from:
https://linkinghub.elsevier.com/retrieve/pii/S0163725819300129. Cited
2023 Mar 7.

West K, Darnton-Hill I. Vitamin A deficiency. In: Semba RD, Bloem MW,
Piot P, editors. Nutrition and Health in Developing Countries. Totowa, NJ:
Humana Press; 2008. Available from: http://link.springer.com/https://doi.
0rg/10.1007/978-1-59745-464-3. Cited 2023 Mar 6.

36.

37.

38.

39.

40.

41.

42.

43.

45.

46.

47.

48.

49.

50.

51.

Page 9 of 10

Alvarez Uribe MC, UscéteguiPefuela RM, Lopez Bedoya C, Baracaldo
Barrera CM, Castro L, Ballesteros Noy V. Plasma retinol concentration
according to pubertal maturation in school children and adolescents of
Medellin, Colombia. Eur J Clin Nutr. 2004;58(3):456-61. Available from:
https://www.nature.com/articles/1601828. Cited 2023 Mar 6.

Thane CW, Bates CJ, Prentice A. Zinc and vitamin A intake and status in

a national sample of British young people aged 4-18y. Eur J Clin Nutr.
2004;58(2):363-75. Available from: https://www.nature.com/articles/
1601792. Cited 2023 Mar 6.

Tanumihardjo SA. Biological evidence to define a vitamin A defi-

ciency cutoff using total liver vitamin A reserves. Exp Biol Med.
2021;246(9):1045-53. Available from: http://journals.sagepub.com/doi/10.
1177/1535370221992731. Cited 2023 Mar 6.

Paes-Silva RP, Tomiya MTO, Maio R, De Castro CMMB, de Arruda IKG, Diniz
ADS. Prevalence and factors associated with fat-soluble vitamin defi-
ciency in adolescents. Nutr Hosp. 2018;35(5):1153. Available from: http://
revista.nutricionhospitalaria.net/index.php/nh/article/view/1785. Cited
2023 Mar 6.

Wang R, Zhang H, Hu YC, Chen J,Yang Z, Zhao L, et al. Serum Vitamin A
nutritional status of children and adolescents aged 6—17 Years — China,
2016—2017. China CDC Wkly. 2021;3(9):189-92. Available from: http://
weekly.chinacdc.cn/en/article/doi/10.46234/ccdcw2021.057. Cited 2023
Mar 6.

Zumaraga MPP, Arquiza JMRA, Concepcion MA, Perlas L, Alcudia-Catalma
MN, Rodriguez M. Genotype Effects on 3-Carotene conversion to vitamin
A:implications on reducing vitamin A deficiency in the philippines. Food
Nutr Bull. 2022;43(1):25-34. Available from: http://journals.sagepub.com/
doi/10.1177/03795721211060229. Cited 2023 Mar 6.

Qorbani M, Seif E, Heshmat R, Ghonbalani ZN, Basiry P, Kazemian E, et al.
Association of Serum retinol concentrations with metabolic syndrome
components in Iranian children and adolescents: The CASPIAN-V study.
Front Nutr. 2022;9:807634. Available from: https://www.frontiersin.org/
articles/10.3389/fnut.2022.807634/full. Cited 2023 Mar 6.

Reddy GB, Shalini T, Ghosh S, Pullakhandam R, Kumar BN, Kulkarni B, et al.
Prevalence of vitamin A deficiency and dietary inadequacy in Indian
school-age children and adolescents. Eur J Nutr. 2022;61(1):197-209.
Available from: https://link.springer.com/10.1007/500394-021-02636-7.
Cited 2023 Mar 6.

. Pan-American Health Organization, World Health Organization, editors.

La salud en las Américas. Ed. 2002. Washington, D.C s.l: Organizacion
Panamericana de la Salud; 2002. (Publicacién cientifica y técnica).

Breda J, Jewell J, Keller A. The importance of the world health organiza-
tion sugar guidelines for dental health and obesity prevention. Caries Res.
2019;53(2):149-52. Available from: https://www.karger.com/Article/FullT
ext/491556. Cited 2023 Apr 27.

Ministerio de Salud, Costa Rica. Encuesta Nacional de Nutricién 1996.
Fasciculo 1: Antropometria / Ministerio de Salud, Instituto Costarricense
de Investigacion y Ensefianza en Nutricion y Salud, Instituto de Nutricion
de Centro América y Panama [Internet]. Ministerio de Salud, Costa Rica;
1996. Available from: https://www.binasss.sa.cr/opac-ms/media/digit
ales/Antropometria.%20Encuesta%20nacional%20de%20nutrici%C3%
B3n.9620Costa%20Rica%201996.pdf. Cited 2023 Jan 5.

Martorell R, de Romana DL. Components of successful staple food
fortification programs: lessons from latin America. Food Nutr Bull.
2017;38(3):384-404. Available from: http://journals.sagepub.com/doi/10.
1177/0379572117707890. Cited 2023 Mar 6.

Cediel G, Olivares M, Brito A, de Romana DL, Cori H, Frano MRL. Interpre-
tation of serum retinol data from latin America and the Caribbean. Food
Nutr Bull. 2015;36(2_suppl):S98-108. Available from: http://journals.sagep
ub.com/doi/10.1177/0379572115585743. Cited 2023 Mar 6.

Dary O, Mora JO. Food fortification to reduce vitamin a deficiency:
international vitamin a consultative group recommendations. J Nutr.
2002;132(9):52927-33. Available from: https://linkinghub.elsevier.com/
retrieve/pii/S0022316622154866. Cited 2023 Mar 6.

Maurya VK, Shakya A, Bashir K, Kushwaha SC, McClements DJ. Vitamin a
fortification: recent advances in encapsulation technologies. Compr Rev
Food Sci Food Saf. 2022;21(3):2772-819. Available from: https://onlinelibr
ary.wiley.com/doi/10.1111/1541-4337.12941. Cited 2023 Mar 6.

Hombali AS, Solon JA, Venkatesh BT, Nair NS, Pefia-Rosas JP. For-
tification of staple foods with vitamin a for vitamin a deficiency.
cochrane public health group, editor. Cochrane Database Syst Rev.


https://www.nature.com/articles/ejcn201192
https://www.nature.com/articles/ejcn201192
https://msm.dife.de/static/MSM_UserGuide.pdf
https://msm.dife.de/static/MSM_UserGuide.pdf
http://nutricion2.ucr.ac.cr/auth/register
http://www.nap.edu/catalog/9956
http://www.nrcresearchpress.com/doi/10.1139/h05-020
http://doi.apa.org/getdoi.cfm?doi=10.1037/a0020761
http://doi.apa.org/getdoi.cfm?doi=10.1037/a0020761
https://projecteuclid.org/journals/statistical-science/volume-25/issue-1/Identification-Inference-and-Sensitivity-Analysis-for-Causal-Mediation-Effects/10.1214/10-STS321.full
https://projecteuclid.org/journals/statistical-science/volume-25/issue-1/Identification-Inference-and-Sensitivity-Analysis-for-Causal-Mediation-Effects/10.1214/10-STS321.full
https://projecteuclid.org/journals/statistical-science/volume-25/issue-1/Identification-Inference-and-Sensitivity-Analysis-for-Causal-Mediation-Effects/10.1214/10-STS321.full
https://onlinelibrary.wiley.com/doi/10.1111/nyas.13670
https://onlinelibrary.wiley.com/doi/10.1111/nyas.13670
http://www.jstatsoft.org/v59/i05/
http://link.springer.com/10.3758/BRM.40.3.879
http://link.springer.com/10.3758/BRM.40.3.879
https://projecteuclid.org/journals/statistical-science/volume-11/issue-3/Bootstrap-confidence-intervals/10.1214/ss/1032280214.full
https://projecteuclid.org/journals/statistical-science/volume-11/issue-3/Bootstrap-confidence-intervals/10.1214/ss/1032280214.full
https://projecteuclid.org/journals/statistical-science/volume-11/issue-3/Bootstrap-confidence-intervals/10.1214/ss/1032280214.full
https://dl.acm.org/doi/pdf/10.5555/2074022.2074073
https://dl.acm.org/doi/pdf/10.5555/2074022.2074073
https://apps.who.int/iris/bitstream/handle/10665/44110/9789241598019_eng.pdf
https://apps.who.int/iris/bitstream/handle/10665/44110/9789241598019_eng.pdf
https://onlinelibrary.wiley.com/doi/10.1002/ncp.10376
https://onlinelibrary.wiley.com/doi/10.1002/ncp.10376
https://linkinghub.elsevier.com/retrieve/pii/S0163725819300129
https://doi.org/10.1007/978-1-59745-464-3
https://doi.org/10.1007/978-1-59745-464-3
https://www.nature.com/articles/1601828
https://www.nature.com/articles/1601792
https://www.nature.com/articles/1601792
http://journals.sagepub.com/doi/10.1177/1535370221992731
http://journals.sagepub.com/doi/10.1177/1535370221992731
http://revista.nutricionhospitalaria.net/index.php/nh/article/view/1785
http://revista.nutricionhospitalaria.net/index.php/nh/article/view/1785
http://weekly.chinacdc.cn/en/article/doi/10.46234/ccdcw2021.057
http://weekly.chinacdc.cn/en/article/doi/10.46234/ccdcw2021.057
http://journals.sagepub.com/doi/10.1177/03795721211060229
http://journals.sagepub.com/doi/10.1177/03795721211060229
https://www.frontiersin.org/articles/10.3389/fnut.2022.807634/full
https://www.frontiersin.org/articles/10.3389/fnut.2022.807634/full
https://link.springer.com/10.1007/s00394-021-02636-7
https://www.karger.com/Article/FullText/491556
https://www.karger.com/Article/FullText/491556
https://www.binasss.sa.cr/opac-ms/media/digitales/Antropometria.%20Encuesta%20nacional%20de%20nutrici%C3%B3n.%20Costa%20Rica%201996.pdf
https://www.binasss.sa.cr/opac-ms/media/digitales/Antropometria.%20Encuesta%20nacional%20de%20nutrici%C3%B3n.%20Costa%20Rica%201996.pdf
https://www.binasss.sa.cr/opac-ms/media/digitales/Antropometria.%20Encuesta%20nacional%20de%20nutrici%C3%B3n.%20Costa%20Rica%201996.pdf
http://journals.sagepub.com/doi/10.1177/0379572117707890
http://journals.sagepub.com/doi/10.1177/0379572117707890
http://journals.sagepub.com/doi/10.1177/0379572115585743
http://journals.sagepub.com/doi/10.1177/0379572115585743
https://linkinghub.elsevier.com/retrieve/pii/S0022316622154866
https://linkinghub.elsevier.com/retrieve/pii/S0022316622154866
https://onlinelibrary.wiley.com/doi/10.1111/1541-4337.12941
https://onlinelibrary.wiley.com/doi/10.1111/1541-4337.12941

Monge-Rojas et al. BMC Public Health ~ (2023) 23:2503 Page 10 of 10

2019;2019(5):CD009902. Available from: http://doi.wiley.com/10.1002/
14651858.CD010068.pub2. Cited 2023 Mar 6.

52. Tang G. Bioconversion of dietary provitamin A carotenoids to vitamin A in
humans. Am J Clin Nutr. 2010;91(5):51468-73. Available from: https.//linki
nghub.elsevier.com/retrieve/pii/S0002916523018403. Cited 2023 Mar 6.

53. Pearl J. The causal mediation formula—a guide to the assessment of
pathways and mechanisms. Prev Sci. 2012;13(4):426-36. Available from:
http://link.springer.com/10.1007/s11121-011-0270-1. Cited 2023 Mar 6.

54. MacKinnon DP, Lockwood CM, Hoffman JM, West SG, Sheets V. A com-
parison of methods to test mediation and other intervening variable
effects. Psychol Methods. 2002;7(1):83-104. Available from: http://doi.apa.
org/getdoi.cfm?doi=10.1037/1082-989X.7.1.83. Cited 2023 Mar 6.

55. Hayes AF. Introduction to mediation, moderation, and conditional pro-
cess analysis: a regression-based approach. Third edition. New York, NY:
The Guilford Press; 2022. (Methodology in the social sciences).

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions . BMC



http://doi.wiley.com/10.1002/14651858.CD010068.pub2
http://doi.wiley.com/10.1002/14651858.CD010068.pub2
https://linkinghub.elsevier.com/retrieve/pii/S0002916523018403
https://linkinghub.elsevier.com/retrieve/pii/S0002916523018403
http://link.springer.com/10.1007/s11121-011-0270-1
http://doi.apa.org/getdoi.cfm?doi=10.1037/1082-989X.7.1.83
http://doi.apa.org/getdoi.cfm?doi=10.1037/1082-989X.7.1.83

	Reducing dietary intake of added sugars could affect the nutritional adequacy of vitamin A in adolescents: the Costa Rica case
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Background
	Methods 
	Study population and setting
	Sociodemographic variables
	Anthropometric assessment
	Dietary intake assessment
	Usual dietary intake
	Vitamin A assessment
	Added sugars assessment
	Statistical analyses
	Exploratory analysis 
	Statistical mediation model

	Results
	Discussion
	Study limitations and strengths

	Conclusions
	Acknowledgements
	References


