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Abstract 

Background:  This study aimed to ascertain the Social Determinants (SDs) of malnutrition (over and undernutrition) 
of Chilean children aged up to five.

Methods:  The study was carried out using a sample of children from zero to five years old (n = 1,270,485; 52.2% 
female) from the National Socioeconomic Characterization Survey (CASEN) 2017. A multinomial logistic regression 
model was used, where the “child nutritional status” outcome variable assumed three possible values: normal nutri‑
tion, overnutrition, and undernutrition, while taking those variables reported in previous literature as independent 
variables.

Results:  The model, by default, set normal nutrition as the reference group, Count R2 = 0.81. Results show a higher 
likelihood of both overnutrition and undernutrition among male children from the lowest quintiles, with native ethnic 
backgrounds, reporting health problems, having public health insurance, and who attend kindergarten. Additionally, 
higher probabilities of undernutrition in younger than two and living in the north of the country, while overnutrition 
is more likely in the south.

Conclusions:  Socioeconomic variables are fundamentally related to both over and undernutrition; the current single 
schema program to prevent malnutrition should consider SDs such as ethnicity and geographical location, among 
others; moreover, successful nutritional programs—which focused on the lowest quintiles, need to be expanded to 
other vulnerable groups and pay more attention to overnutrition.
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Background
To understand the causes of diseases and unhealthy 
behavior, the literature needs to know the social condi-
tions that underlie people’s health, called “the social 
causes of disease” [1]. Knowledge of social determinants 
(SDs) can contribute to implementing comprehensive 
social programs to address the conditions that gener-
ate disadvantages to people’s health [2]. For example, 
unfavorable socio-economic conditions are one SD that 
show greater consistency and persistence over time [3–
5]. Furthermore, age [6], gender [3], and demographic 

and ethnic conditions [2, 7] are usually relevant, among 
others.

Social determinants of malnutrition in children under five
Malnutrition in children under five—either under or 
overnutrition—is a matter that requires serious attention 
because it increases the risk of illness or death, worsens 
comorbidities, and negatively impacts physical, intellec-
tual, and psychomotor development [2, 6, 8, 9]. Moreo-
ver, children with undernutrition are more likely to live 
in a context of poverty and inequality in their adulthood, 
which perpetuates the risk of undernutrition for future 
generations, creating a harmful cycle that is difficult to 
eradicate [4]. On the other hand, those with overnutrition 
have detrimental academic performance and, in addition, 
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mental health problems linked to low self-esteem. Like-
wise, child malnutrition implies losing a healthy lifetime 
[10], increasing health costs [9], and negatively affecting 
future human capital [11].

Malnutrition in children under five can result either 
from a deficit or excess in energy intake, both within the 
same population, or at different times in a child’s lifespan. 
For example, in Latin America and the Caribbean, chil-
dren’s obesity has increased dramatically, while under-
nutrition continues to be a challenge [8]. This so-called 
“double burden” of child malnutrition is related to the 
nutritional transition process, a public health problem 
that deserves greater attention from an epidemiological 
point of view [12]. It should be noted that, although both 
types of malnutrition are associated with different energy 
intakes and reveal certain differences in their SDs [5, 8], 
they should be approached from a comprehensive per-
spective [13].

To classify the underlying and immediate SDs of mal-
nutrition, Harris and Nisbett [14] identified three overall 
factors: a) material, human, and social sources; b) struc-
tural (society, markets, law, political); and c) ideas and 
beliefs. Previous studies have found conditions that could 
encompass this classification. For example, regarding 
undernutrition of children from zero to five, some key 
SDs are parents’ educational level—mainly the mother, 
access to drinking water, and sanitation facilities [4, 6, 15, 
16]. In this vein, the mother figure is critical, as a greater 
vulnerability is found in children of single mothers with 
a low income, chronic diseases, and lacking health insur-
ance. Combined, these conditions mean it is less likely 
the mother could stay with the child or provide a sub-
stitute caregiver [5]. On the contrary, maternal higher 
body mass index and higher educational level are associ-
ated with a lower likelihood of child undernutrition [6]. 
Unsurprisingly, underlying those conditions is household 
income, which is a significant determinant of childhood 
undernutrition [3, 4, 6, 7, 15]. Similarly, the community’s 
role is relevant through social support and knowledge 
sharing concerning access to social protection programs 
and enabling collective demand for better public ser-
vices [4, 5]. In addition, Hossain et  al. [3] revealed that 
the odds of undernutrition decrease in children breast-
fed for periods of longer than six months or with com-
plementary feeding. In terms of gender, there appear 
to be geographical differences. For example, in Nepal, a 
lower risk of undernutrition was found in male children 
[3], while the opposite is true in Indonesia [17]. Addi-
tionally, higher probabilities of undernutrition have been 
observed in some countries’ geographical areas, among 
ethnic communities, and in less urban locations [7, 15].

On the other hand, overnutrition (i.e., overweight and 
obese) is related to increasing urbanization [18, 19], new 

ways of both transportation and food commercializa-
tion, and the development and use of technologies that 
increase physical inactivity and unhealthy food consump-
tion [20–22]. Considering the transition from greater 
undernutrition to greater overnutrition, several observed 
mediating variables are the change from rural to urban, 
fewer people and children in the household, and access 
to prenatal care for mothers [18]. Overnutrition is a ris-
ing problem worldwide [23–25], which for under-fives is 
related to babies younger than 36 months and overweight 
parents [13, 24], with a higher prevalence in some geo-
graphical areas [26]. However, there are other SDs related 
to overnutrition in under-fives that have less consist-
ency in previous research. For example, higher odds of 
being overweight have been reported when the mother 
has a higher education level and when the child belongs 
to families with higher incomes than those with lower 
incomes [8, 24]. However, other studies reveal a rela-
tionship between overnutrition with lower household 
income, neighborhood insecurity [27] and lower parental 
education [28].

Malnutrition in Chilean children up to five
Chile has undergone a rapid socio-economic and nutri-
tional transition, leading to a co-existence of the two 
extremes of child malnutrition, although with lower 
undernutrition and greater overnutrition (overweight 
and obese) [29]. Consequently, some researchers have 
claimed that the “double burden” of child malnutrition 
would not be present in Chile because of the low rates 
of undernutrition. They also emphasize that the coun-
try’s main problem would be overnutrition [30]. Never-
theless, the authorities recently highlighted the topic of 
undernutrition because it continues to be a public health 
problem that requires attention [31]; among Chilean chil-
dren under five years old, the undernutrition rate is 1.8%, 
while 9.3% regarding overnutrition [32]. However, due to 
increases with age [33], it reached a worrying 54% in the 
case of primary school children in 2020 [34].

In Chile, measures in children under six indicate that 
males are more likely to be severely obese, while females 
are more likely to be overweight and of normal weight 
[34]. Similarly, male children have a slightly higher per-
centage when undernutrition categories are grouped 
(“undernourished” and “underweight”). Overnutrition 
arises mainly between three and five years of age [10, 
35]. Likewise, previous works have evidenced that native 
ethnicity becomes a significant SD of undernutrition in 
children under five in Latin America [36] and Chile [37]. 
In this vein, research on indigenous Chilean children 
between six and eight years old has observed a higher 
prevalence of obesity [38].
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Moreoever, Pavez-Soto et al. [39] highlighted the chal-
lenge of studying migrant children’s nutritional condi-
tions, stating that the migrant population in Chile comes 
mainly from Latin American countries with similar soci-
ocultural conditions. Thus, it would be expected to find 
high levels of overnutrition, as it is a characteristic seen 
in this region [8]. Similarly, recent works have discovered 
that migrant children in Chile present a higher biopsy-
chosocial risk, lower access to social programs, and a 
higher proportion of multidimensional poverty [40], all 
factors associated with a higher probability of undernu-
trition [3, 4, 6, 7, 15]. Thus, all the variables mentioned 
above will be considered in this study.

In Chile, it is worth noting that there is a National Sup-
plementary Feeding Program (PNAC) aimed mainly at 
families with public health insurance. The PNAC has a 
basic, single, and identical scheme for all children under 
six years old (only differentiating by age) but considers a 
reinforcement for undernourished risk [41].

Therefore, bearing in mind the relevance of malnutri-
tion in Chile, which requires awareness of its multidi-
mensional causes, the present study aims to identify and 
describe the SDs related to malnutrition in children up to 
five. For such purposes, the data provided by the Casen 
2017 survey will be considered [42]. A multinomial logis-
tic regression will be performed. This probabilistic model 
is used when the predicted outcome variable is nomi-
nal and has more than two categories—without a given 
rank or order. The model can be used with any number 
of independent variables, either categorical or continu-
ous. Such methodology has been used previously in stud-
ies regarding the nutritional status of children and adults 
[43, 44].

Material and methods
Source of information
The data used in this study are from the National Socio-
economic Characterization Survey, CASEN 2017 [42], 
conducted by the Surveys and Longitudinal Studies 
Center of the Catholic University of Chile (PUC) for the 
Ministry of Social Development and Family (MINDES). 
The sample units of the CASEN 2017 survey are dwell-
ings selected in a probabilistic, stratified, and multistage 
manner. Inside dwellings, all family units are identified 
(households). Interviewers applied a paper-and-pencil 
survey in a face-to-face procedure, interviewing the head 
of the family unit or an adult member in their absence. 
Data consisted of a sample of 26,249 households with 
children under five years old, which, using the expansion 
factor (EXPR), reached 1,270,485 children. The EXPR 
allows us to obtain the results of persons and family units 
expanded at the national and regional levels, as well as 
by area (urban and rural), being representative of the 

country’s overall population [42]. All interviewees partic-
ipated voluntarily, and anonymity is ensured under Law 
17.374. CASEN 2017 is used as a secondary data source 
[45].

Outcome variable: undernutrition, normal nutrition, 
and overnutrition
CASEN 2017 asks interviewees what the child’s nutri-
tional status is. Based on medical check-up reports, 
response options are 1. Undernourished or at risk of 
undernourishment; 2. Normal; 3. Overweight; 4. Obese. 
In this study, responses were grouped as undernutrition 
(1), normal (2), and overnutrition (3 and 4).

Independent variables
Independent variables were extracted from the previ-
ous findings as long as they were present in CASEN 
2017. CASEN has seven modules (registration-residents, 
education, work, income, health, identities-networks-
participation, and housing-environment), from which 
three types of dimensions grouped the variables of inter-
est in this research. First is the demographic dimension 
(including gender, age, nationality, ethnicity, urban or 
rural area, and geographic location). Second is the social 
dimension (comprising household income, educational 
level, type of health insurance, and child participation in 
the supplementary feeding program). Finally, the third 
dimension grouped the child’s personal features (health 
problems, health checkup, staying at home, and kinder-
garten attendance). All independent variables are dichot-
omous: 1 (belongs to the category) and 0 (does not) (see 
Table 1). It is worth noting that the nationality, belonging 
to a native ethnic group, household income, and house-
hold educational level variables were considered based 
on the survey respondents’ information.

Plan of analysis
A multinomial logistic model was estimated to estab-
lish the relationship between children up to five’s nutri-
tional status and the independent variables. For each of 
the interactions, average marginal effects, likelihood, and 
relative risk were calculated. A statistical analysis was 
performed with Stata14 software. A set of coefficients, 
namely β1, β2, and β3, representing normal nutrition, 
overnutrition, and undernutrition, respectively, were 
estimated, corresponding to:

Pr
(

y = 1) =
exβ

(1)

exβ
(1)

+ exβ
(2)

+ exβ
(3)
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(
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(2)

exβ
(1)

+ exβ
(2)

+ exβ
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Relative likelihood of y = 2 to base result is

Pr
(

y = 3) =
exβ

(3)

exβ
(1)

+ exβ
(2)

+ exβ
(3)

Pr
(

y = 2
)

Pr
(
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Table 1  Description of the control variables, extracted from CASEN 2017

Variable name CASEN 2017 question Codification

Gender Male or female? Male = 1
Female = 0

Age ≤ 2 years How old is s/he? Inside the range = 1
Outside the range = 0

Age 2 ≤ 5 years How old is s/he? Inside the range = 1
Outside the range = 0

Nationality What is your nationality? Chilean = 1
Others = 0

Household educational level What was the highest educational level reached? Primary or secondary school 
=1 Technical or university 
= 0

Native ethnic groups Indigenous peoples. Do you belong to or are you a descendant of any of them? Yes = 1
No = 0

At home most of the time Where does the child spend the most number of hours? Home = 1
Other = 0

Kindergarten attendance Currently, does the child attend any educational institution, kindergarten, nurs‑
ery school, or other non-conventional kindergarten program?

Yes = 1
No = 0

Type of health insurance Which health insurance system do you belong to? Public = 1
Private = 0

Health problems In the last three months, did s/he have any health problem, illness, or accident? Yes = 1
No = 0

Well-child checkup What type of checkup did s/he undergo in the last three months? Well-child 
checkup.

Yes = 1
No = 0

State supplementary feeding program For children aged 0 to 6 years, in the last three months, did s/he receive or 
withdraw, free of charge, food from the consultation room or hospital?

Yes = 1
No = 0

Urban/rural residence The interviewer registered this according to the survey’s design. Urban = 1
Rural = 0

Great North Zone (1) Grouped by CASEN. Zone 1 includes regions formerly numbered as 1, 2, and 15. Inside the range = 1
Outside the range = 0

Little North Zone (2) Grouped by CASEN. Zone 2 includes regions formerly numbered as 3 and 4. Inside the range = 1
Outside the range = 0

Central Zone (3) Grouped by CASEN. Zone 3 includes regions formerly numbered as 5, 6, 7, 13, 
and 16.

Inside the range = 1
Outside the range = 0

South Zone (4) Grouped by CASEN. Zone 4 includes regions formerly numbered as 8, 9, 10, and 
14.

Inside the range = 1
Outside the range = 0

Austral Zone (5) Grouped by CASEN. Zone 5 includes regions formerly numbered as 11 and 12. Inside the range = 1
Outside the range = 0

Quintile I Built and delivered by CASEN. Inside the range = 1
Outside the range = 0

Quintile II Built and delivered by CASEN. Inside the range = 1
Outside the range = 0

Quintile III Built and delivered by CASEN. Inside the range = 1
Outside the range = 0

Quintile IV Built and delivered by CASEN. Inside the range = 1
Outside the range = 0

Quintile V Built and delivered by CASEN. Inside the range = 1
Outside the range = 0
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The relative risk ratio for a one-unit increase/decrease in 
Xi is:

Results
Goodness of fit
The estimation of the model is based on 1,270,485 
observations. The log-likelihood value is −706,371.45, 

eβ
(2)
1

x1+···+β
(2)
i (xi+1)+···+β

(2)

k xk

eβ
(2)
1

x1+···+β
(2)
i xi+···+β

(2)

k xk
= eβ

(2)
i

χ2 (40) = 36,668.99, p < 0.0001, thus rejecting the null 
hypothesis that all parameters included in the model are 
equal to zero. Likewise, goodness of fit, Count R2 = 0.81, 
indicates the model has good explanatory power. The 
independent variables explain the outcome variable 
between 2.8% (Cox-Snell) and 4.1% (Nagelkerke) (see 
Table 2).

The model, by default, set normal nutrition as the refer-
ence group and estimated a model for overnutrition and 
a model for undernutrition, both of which were relative 
to normal nutrition. According to the confidence inter-
vals for the relative risk, with 95% confidence, the relative 
risk ratio is proper.

Marginal effects
Table 3 illustrates the increasing or decreasing likelihood 
of a child under five having normal nutrition, overnutri-
tion, and undernutrition due to the independent vari-
ables. The marginal effects (likelihood) were slightly more 
significant for overnutrition compared to either under-
nutrition or normal nutrition.

The variables that increased the likelihood of normal 
nutrition are household educational level (4.4%), at 

Table 2  The goodness of fit statistics

Number of observations 1.270.485

Iterations -706371.45

LR Chi-square (40) 36668.99

Prob > chi2 0.000

Count R2 0.812

McFadden’s R2 0.025

Cox-Snell 0.028

Nagelkerke 0.041

Table 3  Multinomial logistic regression marginal effects

*p < .05; **p < .01; ***p < .001

Predict (Normal Nutrition) Predict (Overnutrition) Predict (Undernutrición)

dy/dx [95%. Conf. Interva] dy/dx [95%. Conf. Interv.] dy/dx [95%. Conf. Interv.]

Gender -0.0104 *** [-0.0117; -0.0091] 0.0050*** [0.0038; 0.0063] 0.0053*** [0.0047; 0.0059]

Age ≤ 2 years 0.0191*** [0.0175; 0.0207] -0.0302*** [-0.0317; -0,0287] 0.0111*** [0.0103; 0.0118]

Age 2 ≤ 5 years (base) - - - - - -

Nationality -0.0752*** [-0.0785; -0,0720] 0.0915*** [0.0890; 0.0941] -0.0162*** [-0.0183; -0.0141]

Household educational level 0.0443*** [0.0327; 0,0559] 0.0163*** [0.0065; 0.0261] -0.0607*** [-0.0682; -0.0532]

Native ethnic groups -0.0223*** [-0.0244; -0.0201] 0.0202*** [0.0182; 0.0222] 0.0020*** [0.0010; 0.0029]

At home most of the time 0.0377*** [0.0347; -0.0407] -0.0306*** [-0.0334; -0.0279] -0.0070*** [-0.0085; -0.0056]

Kindergarten attendance -0.0324*** [-0.0356; -0.0292] 0.0305*** [0.0276; 0.0334] -0.0018* [0.0004; 0.0033]

Type of health insurance -0.0316*** [-0.0337; -0.0295] 0.0319*** [0.0300; 0.0338] 0.0003 [-0.0013; 0.0006]

Health problems -0.0452*** [-0.0469; -0.0435] 0.0360*** [0.0347; 0.0379] 0.0086*** [0.0080; 0.0096]

Well-child checkup -0.0369*** [-0.0382: -0.0355] 0.0319*** [0.0306; 0.0332] 0.0049*** [0.0043; 0.0055]

State supplementary feeding program -0.0399*** [-0.0415: -0.0384] 0.0343*** [0.0329; 0.0357] 0.0559*** [0.0049; 0.0062]

Urban/rural residence 0.0250*** [0.0229; 0.0272] -0.0208*** [-0.0228; -0.0188] -0.0042*** [-0.0051; -0.0032]

Great North Zone (1) 0.0306*** [0.0281; 0.0331] -0.0402*** [-0.0422; -0.0378] 0.0093*** [0.0080; 0.0106]

Little North Zone (2) 0.0294*** [0.0269; 0.0320] -0.0312*** [-0.0335; -0.0289] 0.0017** [0.0005; 0.0029]

Central Zone (3) (base) - - - - - -

South Zone (4) -0.0006 [-0.0023; 0.0011] 0.0039*** [0.0023; 0.0055] -0.0033*** [-0.0040; -0.0025]

Austral Zone (5) -0.0294*** [-0.0355; -0.0233] 0.0192*** [0.0136; 0.0248] 0.0102*** [0.0071; 0.0132]

Quintile I -0.0747*** [-0.0782; -0.0713] 0.0510*** [0.0478; 0.0541] 0.0237*** [0.0218; 0.0256]

Quintile II -0.0936*** [-0.0971; -0.0900] 0.0623*** [0.0591; 0.0656] 0.0312*** [0.0291; 0.0332]

Quintile III -0.0811*** [-0.0848; -0.0775] 0.0604*** [0.0570; 0.0638] 0.0207*** [0.0187; 0.0226]

Quintile IV -0.0633*** [-0.0670; -0.0596] 0.0548*** [0.0513; 0,0583] 0.0084*** [0.0066; 0.1023]

Quintile V (base) - - - - - -
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home most of the time (3.7%), and Great North Zone 
(3.0%), while variables that decreased this are: quintile 
II (−9.3%), nationality (−7.5%), and health problems 
(−4.5%) (see Table 3).

Likewise, variables that increase the likelihood of 
overnutrition are nationality (9.1%), quintile II (6.2%), 
health problems (3.6%), participations in the state 
supplementary feeding program (3.4%), and type 
of health insurance (3.1%). On the contrary, vari-
ables that decreased this likelihood are Great North 
Zone (−4.0%), at home most of the time (−3.0%), and 
age ≤ 2 years (3.0%) (see Table 3).

Regarding undernutrition, variables that increased 
the probabilities are participation in the state supple-
mentary feeding program (5.5%), quintile II (3.1%), 
and age ≤ 2 years (1.1%), while those that decreased it 
are: household educational level (−6.0%) and national-
ity (−1.6%) (see Table 3).

Relative risk
From the first analysis level based on relative risk, it is 
possible to infer the likelihood that a Chilean child up to 
five years of age shows over or undernutrition regarding a 
normal nutritional state (see Table 4).

There is a greater probability of over and undernutri-
tion in male children, those who belong to native ethnic 
groups, those who attend kindergarten, those with health 
problems, and those who attend well-child checkups 
through the public health system (Table  4). In addition, 
the medical checkup and receiving complementary food 
variables increase the probability of over and undernutri-
tion, compared to a normal nutritional status. Likewise, 
if the child’s home is in an urban area, the likelihood of 
over or undernutrition decreases by the same amount; 
0.84 times less.

Likewise, there is a 1.04, 2.73, and 1.17 times greater 
probability of overnutrition if the child is male, has 
a Chilean background, and belongs to a native eth-
nic group, respectively. In parallel, if the child attends 

Table 4  Multinomial logistic model relative risk

*p < .05; **p < .01; ***p < .001

Predict (Nutrition)

Normal Overnutrition Undernutrition

Base Outcome Relative Risk
RRR​

95%
Conf. Interval

Relative Risk
RRR​

95%
Conf. Interval

Gender 1.04*** [1.0380; 1.0584] 1.21*** [1.1904; 1.2388]

Age ≤ 2 years 0.79*** [0.7862; 0.8055] 1.41*** [1.3811; 1.4510]

Age 2 ≤ 5 years (base) - - - -

Nationality 2.73*** [2.6199; 2.8575] 0.70*** [0.6667; 0.7355]

Household educational level 1.06 [0.9757; 1.1591] 0.30*** [0.2813; 0.3383]

Native ethnic groups 1.17*** [1.1534; 1.1879] 1.09*** [1.0653; 1.1323]

At home most of the time 0.77*** [0.7587; 0.7929] 0.75*** [0.7134; 0.7900]

Kindergarten attendance 1.27*** [1.2497; 1.3091] 1.10*** [1.0530; 1.1686]

Type of health insurance 1.30*** [1.2872; 1.3320] 1.02 [0.9932; 1.0627]

Health problems 1.32*** [1.3153; 1.3457] 1.38*** [1.3623; 1.4269]

Well-child checkup 1.29*** [1.2849; 1.3115] 1.23*** [1.2131; 1.2651]

State supplementary feeding program 1.33*** [1.3175; 1.3490] 1.27*** [1.2452; 1.3071]

Urban/rural residence 0.84*** [0.8362; 0.8608] 0.84*** [0.8216; 0.8719]

Great North Zone (1) 0.70*** [0.6936; 0.72521] 1.27*** [1.2295; 1.3223]

Little North Zone (2) 0.76*** [0.7485; 0.7818] 1.02 [0.9813; 1.0638]

Central Zone (3) (Base) - - - -

South Zone (4) 1.03*** [1.0145; 1.0401] 0.89*** [0.8672; 0.9155]

Austral Zone (5) 1.17*** [1.1256; 1.2200] 1.39*** [1.2896; 1.5150]

Quintile I 1.51*** [1.4798; 1.5475] 2.17*** [2.0731; 2.2829]

Quintile II 1.65*** [1.6150; 1.6878] 2.61*** [2.4957; 2.7429]

Quintile III 1.59*** [1.5572; 1.6286] 1.97*** [1.8831; 2.0756]

Quintile IV 1.50*** [1.4679; 1.5364] 1.40*** [1.3332; 1.4786]

Quintile V (Base) - - - -

Constant 0.02*** [0.0271; 0.0331] 0.05*** [0.05062; 0.0638]
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kindergarten and has health problems, they are more 
likely to be overnourished by 1.27 and 1.32, respectively 
(Table 4). In addition, if the child’s home is in the South 
and Austral Zone of the country, the probability of over-
nutrition increases.

On the other hand, there is a 1.21, 1.41, and 1.09 times 
greater probability of undernutrition in male children, 
those under two years old, and those that belong to 
native ethnic groups, respectively. If the child attends 
kindergarten and has health problems, the probability of 
undernutrition increases by 1.10 and 1.38, respectively. 
Likewise, if the child’s home is in the north zone of the 
country (Great North), the probability of undernutrition 
increases by 1.27 (see Table 4).

Moreover, as income decreases, i.e., moving down from 
Quintile IV to Quintile I, the probability of both under- 
and overnutrition among children increases compared 
to children in the highest income Quintile (V). However, 
this trend differs regarding Quintile I, which has a lower 
probability of over and undernutrition than Quintile II 
(see Table 4).

Discussion
Using the CASEN 2017 survey, our results on the SDs of 
malnutrition in Chilean children up to five converge with 
previous findings and expand the literature’s understand-
ing of this critical public health topic. Our discussion 
will follow the dimensions proposed in the methodology: 
demographic, social, and personal child’s features.

Regarding demographic variables (gender, age, eth-
nicity, migrant status, and geographic location), there is 
evidence that malnutrition in children differs in sex by 
country [3, 17, 34]. Our results are in the same direction. 
Boys have a lower probability of exhibiting normal nutri-
tion than girls; consistently, male children present higher 
probabilities of under- and overnutrition. It should be 
noted that this scenario contrasts with adulthood when 
women have higher levels of overnutrition in Chile [33]. 
This interplay should search for sociocultural answers 
such as type of food, physical activity patterns, and gen-
der stereotypes [4, 19, 46].

Children younger than 24 months are more likely to 
suffer from undernutrition in Chile. This condition has 
been observed elsewhere [47] and is mainly due to chil-
dren who stop being breastfed becoming exposed to 
water, food, and environmental contamination, which 
occur between the first and second years of life. Likewise, 
we confirmed that overnutrition is more likely between 
three and five years old in Chile [10, 35]. Consequently, 
a protective factor in avoiding malnutrition—under and 
over—is when the child is breastfed for longer than the 
first six months [3, 48].

Children belonging to native ethnicities are more 
likely to suffer from both under- and overnutrition, as 
previously observed [37, 38]. However, rather than the 
ethnicity itself, these findings are explained by the envi-
ronmental conditions and greater vulnerability of these 
children’s communities [36–38].

To compare migrant status, respondents’ nationality 
was considered, as we were interested in children’s back-
grounds (every child born in Chile is of Chilean nation-
ality, which is highly likely in the group investigated). 
Although there are high rates of overnutrition in Chilean 
children as a whole [49], our results show that children 
from Chilean backgrounds have a significantly higher risk 
of overnutrition and a lower risk of undernutrition than 
children of other nationalities, which would be compat-
ible with previous findings [8, 40].

Regarding children’s geographic location, previous 
studies have found that several regions in other countries 
display a higher prevalence of malnutrition, either by 
deficit [7, 15] or by excess [13, 26]. In this study, children 
living in the north zone of Chile (Great and Little North) 
are less likely to be in the overnutrition category than 
those living in the Central Zone, while those in the Great 
North Zone are more likely to be in the undernutrition 
category than the Central Zone. Likewise, compared to 
the Central Zone, children living in the South and Austral 
Zones have a higher probability of overnutrition, and the 
Austral Zone also has a higher probability of undernu-
trition. Consequently, our results coincide with national 
statistics that show overnutrition increases from Chile in 
a north to south direction [10], which seems to be related 
to climate and food patterns linked to geographical char-
acteristics. For example, there is some evidence that the 
South and Austral Zones’ higher levels of overnutrition 
are due to the low consumption of dairy products, fruits 
and vegetables, and a high level of sedentarism. Although 
this information concerns early schoolchildren [50, 51], it 
appears to be applicable to our findings. Similarly, South 
and Austral Zones exhibit a higher prevalence in native 
ethnic families, who are especially vulnerable to malnu-
trition [37, 38].

Following geographic location, children residing in 
urban areas are less likely to belong to the over- and 
undernutrition categories than children living in rural 
areas. International evidence consistently reports 
higher chances of undernutrition in less urban commu-
nities [7, 15], including Chile [38]. On the other hand, 
although overnutrition is greatly related to urbaniza-
tion [18, 19], recent Chilean reports with children aged 
six to eight indicate a higher probability of both normal 
nutrition and overweightness in urban schools, but a 
higher probability of obesity in rural schools [34]. Com-
bined, these antecedents indicate that the most severe 
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cases of malnutrition (by deficit and excess) would be 
in more rural conditions. Thus, since geographic loca-
tion (zones of the country and rural/urban differences) 
is one SD in the malnutrition of children under five in 
Chile, our findings suggest nutritional interventions 
should be localized and specific as previously indicated 
[38].

Second, socio-economic variables are examined. Our 
findings align with previous evidence and help the litera-
ture to better understand what occurs within the country 
regarding household income. When Quintile V is used 
as the basis for the analyses (the highest income group), 
all other quintiles exhibit higher probabilities of under- 
and overnutrition, steadily increasing toward the poor-
est quintile, Quintile I. In this regard, robust previous 
evidence proved that a lower household income is a pre-
dictor for undernutrition [3, 4, 6, 7, 15]. Likewise, it was 
recently reported that a lower family income is associated 
with a higher likelihood of overnutrition in Chile [27]. 
However, there is a change in the trend for Quintile I (the 
lowest income group), which shows fewer overnutrition 
odds than Quintiles II and III and a less severe undernu-
trition likelihood than Quintile II. Furthermore, previous 
research on Latin America has observed that the prob-
ability of overnutrition is more remarkable in families of 
higher incomes compared to those who are less advan-
taged [8, 24], which specifically occurs between Quintiles 
II and III compared to Quintile I in Chile. However, con-
trary to previous evidence, and despite having a higher 
household income, Quintile II has a higher probability of 
undernutrition compared to Quintile I. While we do not 
have a definitive answer for this finding, to some extent 
it might occur because of targeting by social programs. 
Access to social programs decreases children’s malnutri-
tion [3–5], but they are sharply targeted in Chile at the 
least advantaged groups [52]. Therefore, this reasoning 
would encourage the continuation of social programs 
because of their outcomes, but at the same time, it warns 
that program targeting might lead to the neglect of other 
vulnerable groups.

In this same vein, considering household educational 
level, research consistently observed that a higher educa-
tional level is protective against children’s undernutrition 
[4, 6, 8]. However, it would not be related to overnutri-
tion. The educational level of either the parents or the 
household in general—as SD in overnutrition—shows 
less consistency in previous studies (see, for example, [8, 
24, 28]). This evidence points out that a higher house-
hold educational level carries a higher household income, 
ensuring the necessary caloric intake. Nevertheless, a 
higher income is not necessarily related to good food 
habits, nor does it guarantee a less sedentary lifestyle [19, 
20, 29].

Our results ascertain that children of families with 
public health insurance do not have a particular risk of 
undernutrition compared to children from families with 
private insurance. Accordingly, previous findings show 
that health insurance is a protective factor against under-
nutrition in children under five years old [5]. On the 
other hand, our results identify a relationship in terms of 
belonging to the public health insurance and overnutri-
tion groups. We must note that the lowest-income fami-
lies, which match the profile of the public health system 
users (called FONASA), are the most vulnerable to both 
types of malnutrition. Chilean state action has success-
fully focused on preventing undernutrition with consid-
erable positive outcomes [29]. Nonetheless, the recent 
nutritional transition has led to a higher prevalence of 
overnutrition, which has rarely been addressed and so 
requires more attention [20, 30].

Thirdly, we discuss the children’s personal charac-
teristics dimension. On the one hand, under- and over-
nutrition goes hand-in-hand with an increased risk of 
becoming ill and worsening comorbidities [2, 6, 8, 9]. Our 
results indicate that children reporting more significant 
health problems and health care attendance are more 
likely to have either under or overnutrition, corroborat-
ing the notion that these variables are related. On the 
other hand, PNAC receivers are at a higher risk of malnu-
trition (under and over). Because PNAC’s target is chil-
dren of families with public health insurance—those who 
belong to the lowest income quintiles, this is likely one 
factor that underlies our results. Similarly, there is some 
evidence with other beneficiary groups of complemen-
tary feeding programs in Chile (older adults) that have 
recognized a considerable number of users who do not 
withdraw or consume these products [53]. Therefore, this 
issue should be evaluated in the case of PNAC as well. 
Additionally, it has to be highlighted that the PNAC’s 
technical standards indicate that it is for all children 
“regardless of their territorial location, nationality, socio-
economic status, and social security or migratory status” 
[41]. This criterion does not expressly include some of 
the findings in this work—nor in previous research [27, 
37, 38]—pinpointing that variables such as geographic 
location, ethnicity, and socio-economic status, among 
others, are SDs of malnutrition risk in children up to five.

Finally, we have found that children under five who 
spend most of their time at home are less likely to suf-
fer from under- and overnutrition. At home, children 
are primarily cared for by their mother or grandmother 
in developing countries [4]. Evidence shows that a 
protective factor for children’s nutrition is staying at 
home under their mother’s care or a substitute car-
egiver for longer [5]. Likewise, our results show that 
children attending kindergarten are more likely to be 
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undernourished or overnourished. However, it should 
be noted that there is some evidence with schoolchildren 
that determines that malnutrition is not directly related 
to educational facilities themselves but depends mainly 
on children and families’ behavior [20]. Thus, the answer 
to the increased likelihood of malnutrition of children 
under five years who attend kindergarten should seek 
an explanation by incorporating families’ social and eco-
nomic factors and whether there is adequate coordina-
tion in food intake between the home and schools.

Among the limitations, this study does not consider 
interactions between the control variables and their sam-
ple weighting. Results discern the likelihood of increas-
ing or decreasing according to the increase in one unit 
of each variable, taking the other variables as constants 
into the model. However, as our results are consistent 
with previous ones, there is convergence validity to our 
findings.

Conclusions
1.- Our findings point out that socio-economic condi-
tion is a relevant SD in under-fives’ malnutrition, both by 
deficit and excess. The socio-economic condition seems 
to underly our results based on income quintiles, having 
public health insurance, ethnicity, migrant status, family 
educational level, and access to complementary feeding 
programs. All of these indicate that a greater vulnerabil-
ity is associated with a higher level of malnutrition.

2.- Ethnicity, gender, and geographic location are SDs 
of malnutrition in Chilean children under five. However, 
the National Complementary Feeding Program (PNAC) 
has a.

single schema for all children [41]. Thus, this social 
program should be more sensitive to the SDs observed in 
the present work and should also pay more attention to 
overnutrition.

3.- Availability of social programs decreases malnutri-
tion [3–5]. However, social programs largely focus on the 
most economically disadvantaged groups in Chile [52] 
and prioritize undernutrition over overnutrition [20, 29, 
30]. Our results support social programs’ positive out-
comes but warn that targeting could neglect other social 
groups.

Acknowledgments
The authors are grateful to the Chilean Ministry of Social Development for 
providing the database. However, all the work results are the authors’ responsi‑
bility, and they do not involve this institution.

Authors’ contributions
SA designed the work, analyzed the data, and revised the manuscript. HVG 
reviewed the literature and wrote the manuscript. Both authors approved the 
final manuscript.

Funding
Not applicable.

Availability of data and materials
The CASEN 2017 database analyzed during the current study is available from 
the MINDES webpage, http://​obser​vator​io.​minis​terio​desar​rollo​social.​gob.​cl/​
encue​sta-​casen-​2017.

Declarations

Ethics approval and consent to participate
The CASEN 2017 database is for public use and was obtained from the 
Ministry of Social Development (MINDES). All population-based surveys from 
MINDES—as with CASEN 2017—are conducted under Law N°17.374 on 
protecting citizens’ privacy, and consequently, they do not require approval by 
an Ethics Committee.
The implementing agency of the CASEN 2017 Survey was the Surveys and 
Longitudinal Studies Center, Catholic University of Chile (PUC). All participants 
consented to participate in the study. All methods were carried out in accord‑
ance with relevant guidelines and regulations.

Consent for publication
Consent for publication is not applicable as the manuscript does not include 
details, images, or videos relating to any individual person.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Faculty of Economics, University of Talca, Talca, Chile. 2 Faculty of Psychology, 
University of Talca, Talca, Chile. 

Received: 7 September 2021   Accepted: 21 December 2021

References
	1.	 World Health Organization (2008). Social Determinants of Health. New 

Delhi. Retrieved August 2021 from https://​apps.​who.​int/​iris/​bitst​ream/​
handle/​10665/​206363/​B3357.​pdf

	2.	 Sobrino M, Gutiérrez C, Cunha AJ, Dávila M, Alarcón J. Desnutrición 
infantil en menores de cinco años en Perú: tendencias y factores deter‑
minantes. [Child malnutrition in children under five years of age in Peru: 
trends and determinants]. Rev Panam Salud Pública. 2014;35:104–12.

	3.	 Hossain A, Niroula B, Duwal S, Ahmed S, Kibria MG. Maternal profiles 
and social determinants of severe acute malnutrition among children 
under-five years of age: A case-control study in Nepal. Heliyon. 2020;6(5). 
https://​doi.​org/​10.​1016/j.​heliy​on.​2020.​e03849.

	4.	 Tasnim T. Determinants of malnutrition in children under five years in 
developing countries: a systematic review, Indian. J Publ Health Res Dev. 
2018;9(6):333–8. https://​doi.​org/​10.​5958/​0976-​5506.​2018.​00574.0.

	5.	 Tette EM, Sifah EK, Nartey ET, Nuro-Ameyaw P, Tete-Donkor P, Biritwum 
RB. Maternal profiles and social determinants of malnutrition and the 
MDGs: What have we learnt? BMC Public Health. 2016;16. https://​doi.​org/​
10.​1186/​s12889-​016-​2853-z.

	6.	 Aheto JM, Keegan TJ, Taylor BM, Diggle PJ. Childhood Malnutrition and 
Its Determinants among Under-Five Children in Ghana. Paediatr Perinat 
Epidemiol. 2015;29(6):552–61. https://​doi.​org/​10.​1111/​ppe.​12222.

	7.	 Brcanski J, Jović-Vraneš A, Marinković J, Favre D. Social determinants of 
malnutrition among Serbian children aged <5 years: ethnic and regional 
disparities. Int J Public Health. 2014;59(5):697–706. https://​doi.​org/​10.​
1007/​s00038-​014-​0591-5.

	8.	 Ghattas H, Acharya Y, Jamaluddine Z, Assi M, El Asmar K, Jones AD. 
Child-level double burden of malnutrition in the MENA and LAC regions: 
Prevalence and social determinants. Maternal Child Nutr 2020;16(2): 
e12923. https://doi.org/https://​doi.​org/​10.​1111/​mcn.​12923

	9.	 Sarrazin P, Trouilloud D. Causes and Prevention of Obesity in Children: 
Review. IDOSR J Biol Chem Pharm. 2020;5:1–4.

	10.	 Ministry of Health (MINSAL, 2014). Diagnóstico del estado nutricional de 
menores de 6 años, gestantes, nodrizas y adultos mayores, bajo control 
en el sistema público de salud. [Diagnosis of the nutritional status of 
children under 6 years of age, pregnant women, wet nurses, and elderly 

http://observatorio.ministeriodesarrollosocial.gob.cl/encuesta-casen-2017
http://observatorio.ministeriodesarrollosocial.gob.cl/encuesta-casen-2017
https://apps.who.int/iris/bitstream/handle/10665/206363/B3357.pdf
https://apps.who.int/iris/bitstream/handle/10665/206363/B3357.pdf
https://doi.org/10.1016/j.heliyon.2020.e03849
https://doi.org/10.5958/0976-5506.2018.00574.0
https://doi.org/10.1186/s12889-016-2853-z
https://doi.org/10.1186/s12889-016-2853-z
https://doi.org/10.1111/ppe.12222
https://doi.org/10.1007/s00038-014-0591-5
https://doi.org/10.1007/s00038-014-0591-5
https://doi.org/10.1111/mcn.12923


Page 10 of 11Alvear‑Vega and Vargas‑Garrido ﻿BMC Public Health           (2022) 22:44 

adults, under control in the public health system]. Departamento de 
Alimentos y Nutrición. Retrieved (august, 2021) from https://​bit.​ly/​2Uwgn​
uA

	11.	 Monckeberg BF. Desnutrición infantil y daño del capital humano 
[Infant undernutrition: damage to the human capital]. Rev Chil Nutr. 
2014;41(2):173–80. https://​doi.​org/​10.​4067/​S0717-​75182​01400​02000​08.

	12.	 Cediel G, Castaño E, Gaitán D. Doble carga de malnutrición durante el 
crecimiento: ¿una realidad latente en Colombia? [Double burden mal‑
nutrition during growth: is becoming a reality in Colombia?]. Rev Salud 
Pública. 2016;18:656–69.

	13.	 Mamani Y, Luizaga J, Illanes D. Malnutrición infantil en Cochabamba, 
Bolivia: la doble carga entre la desnutrición y obesidad [Infant Malnutri‑
tion in Cochabamba, Bolivia: the double burden between underweight 
and obesity]. Gac Med Bol. 2019;42:17–28.

	14.	 Harris J, Nisbett N. The Basic Determinants of Malnutrition: Resources, 
Structures, Ideas and Power. Int J Health Policy Manag. 2020. Advance 
online publication. https://​doi.​org/​10.​34172/​ijhpm.​2020.​259.

	15.	 Man SL, Guo Y. Beijing da xue xue bao. Yi xue ban = Journal of Peking 
University. Health Sci. 2016;48(3):418–23.

	16.	 Moestue H, Huttly S. (2008). Adult education and child nutrition: 
the role of family and community. J Epidemiol Community Health. 
2008;62(2):153–9 https://​doi.​org/​10.​1136/​jech.​2006.​058578.

	17.	 Ramli AKE, Inder KJ, Bowe SJ, Jacobs J, Dibley MJ. Prevalence and risk fac‑
tors for stunting and severe stunting among under-fives in North Maluku 
province of Indonesia. BMC Pediatr. 2009;9:64. https://​doi.​org/​10.​1186/​
1471-​2431-9-​64.

	18.	 Ferreira H, Cesar JA, Assunção ML, Horta BL. Time trends (1992-2005) in 
undernutrition and obesity among children under five years of age in 
Alagoas State, Brazil. Cadernos Saude Publica. 2013;29(4):793–800.

	19.	 Salgado-Diez B. Briefing paper 3: The social determinants of child 
overnutrition in Chile and the effectiveness of interventions to tackle the 
problem. 2012. Retrieved (August 2021) from https://​bit.​ly/​3mdTg​jW

	20.	 Amigo H, Bustos P, Erazo M, Cumsille P, Silva C. Factores determinantes 
del exceso de peso en escolares: Un estudio multinivel [Determinant fac‑
tors of excess of weight in school children: a multilevel study]. Rev Med 
Chil. 2007;135(12):1510–8. https://​doi.​org/​10.​4067/​S0034-​98872​00700​
12000​02.

	21.	 Cecchini M, Sassi F, Lauer JA, Lee YY, Guajardo-Barron V, Chisholm D. 
Tackling of unhealthy diets, physical inactivity, and obesity: health effects 
and cost-effectiveness. Lancet. 2010;376(9754):1775–84. https://​doi.​org/​
10.​1016/​S0140-​6736(10)​61514-0.

	22.	 Tremblay MS, Gray CE, Akinroye K, Harrington DM, Katzmarzyk PT, 
Lambert EV, et al. Physical activity of children: a global matrix of grades 
comparing 15 countries. J Phys Act Health. 2014;11(Suppl 1):S113–25. 
https://​doi.​org/​10.​1123/​jpah.​2014-​0177.

	23.	 Ghosh S, Namirembe G, Moaz M, Pokharel A, Marino-Costello E, Griffiths 
JK, et al. Relationship of Stunting and Overweight in Egyptian children 
under five years of age: Trends and associated risk factors. FASEB J. 2018. 
https://​doi.​org/​10.​1096/​fasebj.​31.1_​suppl​ement.​649.​13.

	24.	 Arruda-Moreira M, Coelho-Cabral P, Silva-Ferreira H, Cabral de Lira PI. 
Prevalence and factors associated with overweight and obesity in chil‑
dren under five in Alagoas, Northeast of Brazil: a population-based study. 
Nutr Hosp. 2014;29(6):1320–6. https://​doi.​org/​10.​3305/​nh.​2014.​29.6.​7303.

	25.	 Rachmi CN, Hunter CL, Li M, Baur LA. Perceptions of overweight by 
primary carers (mothers/grandmothers) of under five and elemen‑
tary school-aged children in Bandung, Indonesia: a qualitative study. 
Int J Behav Nutr Phys. 2017;Act 14:101. https://​doi.​org/​10.​1186/​
s12966-​017-​0556-1.

	26.	 Veghari G, Vakili M. Trend of Stunting, Overweight and Obesity 
among Children Under Five Years in a Rural Area in Northern Iran, 
1998-2013: Results of Three Cross-Sectional Studies. Arch Iran Med. 
2016;19(6):397–402.

	27.	 Doberti Herrera T, Rodríguez OL. Relación entre el sobrepeso y la obesi‑
dad en menores de seis años y el nivel socioeconómico y las caracterís‑
ticas del entorno en comunas de Chile: estudio ecológico [The relation 
between overweight and obesity in preschool children with socioeco‑
nomic level and environment of Chilean districts: An ecological study]. 
Medwave. 2020;20(3):e7883. https://​doi.​org/​10.​5867/​medwa​ve.​2020.​03.​
7883.

	28.	 Ekholuenetale M, Tudeme G, Onikan A, Ekholuenetale CE. Socio-eco‑
nomic inequalities in hidden hunger, undernutrition, and overweight 

among under-five children in 35 sub-Saharan Africa countries. J 
Egypt Public Health Assoc. 2020;95(9). https://​doi.​org/​10.​1186/​
s42506-​019-​0034-5.

	29.	 Albala C, Vio F, Kain J, Uauy R. Nutrition transition in Chile: determinants 
and consequences. Public Health Nutr. 2002;5(1A):123–8. https://​doi.​org/​
10.​1079/​PHN20​01283.

	30.	 Atalah E, Amigo H, Bustos P. Does Chile’s nutritional situation constitute a 
double burden? Am J Clin Nutr. 2014;100(6):1623S–7S. https://​doi.​org/​10.​
3945/​ajcn.​114.​083790.

	31.	 Pérez-Bravo F. (April 23, 2021). Director del INTA: “Están apareciendo 
focos de desnutrición en grupos vulnerables y teníamos erradicado ese 
problema” [INTA Director:"Outbreaks of undernutrition are appearing 
in vulnerable groups and we had eradicated this problem"]. La Tercera 
https://​acort​ar.​link/​Q6b0c

	32.	 Pan American Health Organization (PAHO). Health Situation in the Ameri‑
cas. Core Indicators 2018. Washington, D.C.: PAHO; 2018. https://​iris.​paho.​
org/​handle/​10665.2/​49511

	33.	 Petermann-Rocha F, Martínez-Sanguinetti MA, Villagrán M, Ulloa N, Nazar 
G, Troncoso-Pantoja C, et al. Desde una mirada global al contexto chileno: 
¿Qué factores han repercutido en el desarrollo de obesidad en Chile? 
(Parte 1) [From a global view to the Chilean context: What factors have 
impacted the development of obesity in Chile? (Part 1)]. Rev Chil Nutr. 
2020;47(2):299–306. https://​doi.​org/​10.​4067/​S0717-​75182​02000​02002​99.

	34.	 National School Support and Scholarships Board (JUNAEB, 2021). Mapa 
Nutricional 2020 [Nutrition map, 2020]. Chile: Lira, Mariana. https://​www.​
junaeb.​cl/​wp-​conte​nt/​uploa​ds/​2021/​03/​MapaN​utric​ional​2020_.​pdf.

	35.	 Kain J, Lera L, Rojas J, Uauy R. Obesidad en preescolares de la Región 
Metropolitana de Chile [Obesity among preschool children of Santiago, 
Chile]. Rev Med Chil. 2007;135(1):63–70. https://​doi.​org/​10.​4067/​S0034-​
98872​00700​01000​09.

	36.	 Jiménez-Benítez D, Rodríguez-Martín A, Jiménez-Rodríguez R. Análisis 
de determinantes sociales de la desnutrición en Latinoamérica [Social 
determinants analysis of malnutrition in Latin America]. Nutr Hosp. 
2010;25(3):18–25.

	37.	 Navarrete C, Cartes R. Estado nutricional de preescolares de la comuna 
alto Biobio y su relación con características etnodemográficas [Nutritional 
status of pre-school children of alto Biobio bourough and its correlation 
with ethno demographic features]. Rev Chil Nutr. 2011;38(1):52–8. https://​
doi.​org/​10.​4067/​S0717-​75182​01100​01000​06.

	38.	 Amigo H, Bustos P, Erazo M, Radrigán ME. Comparación del estado 
nutricional entre escolares indígenas y no indígenas [Comparison of 
nutritional status of school children from indigenous and non indigenous 
ancestry]. Rev Med Chil. 1999;127(8):903–10. https://​doi.​org/​10.​4067/​
S0034-​98871​99900​08000​03.

	39.	 Pavez-Soto I, Durán-Agüero S, Valladares M. Infancia migrante y aliment‑
ación: desafios culturales y sanitarios [Migrant children and eating behav‑
ior: cultural and health challenges]. Rev Med Chil. 2017;145(1):135–6. 
https://​doi.​org/​10.​4067/​S0034-​98872​01700​01000​19.

	40.	 Cabieses B, Chepo M, Oyarte M, Markkula N, Bustos P, Pedrero V, et al. 
Brechas de desigualdad en salud en niños migrantes versus locales en 
Chile [Health inequality gaps in migrant vs. local children in Chile]. Revista 
Chilena de. Pediatría. 2017;88:707–16. https://​doi.​org/​10.​4067/​S0370-​
41062​01700​06007​07.

	41.	 Ministry of Health (MINSAL, 2016). Norma técnica de los Programas 
alimentarios. Departamento de Alimentos y Nutrición [Food Programs 
Technical Standard. Food and Nutrition Department]. Ministerio de Salud. 
Retrieved (august, 2021) from https://​bit.​ly/​3gefG​O7

	42.	 Ministry of Social Development and Family (MINDES, 2021). CASEN 2017 
Database. http://​obser​vator​io.​minis​terio​desar​rollo​social.​gob.​cl/​encue​
sta-​casen-​2017

	43.	 Donkor HM, Grundt JH, Júlíusson PB, et al. Social and somatic deter‑
minants of underweight, overweight and obesity at 5 years of age: a 
Norwegian regional cohort study. BMJ Open. 2017;7(8):e014548. https://​
doi.​org/​10.​1136/​bmjop​en-​2016-​014548.

	44.	 Pacurucu-Ávila NJ, Rodríguez-Sánchez DA, Puente-Arroyo AC, Quito-
Peralta JN, Armijos-Robles DM, Carrasco-Torres EP. Factores asociados 
a la desnutrición en un grupo de adultos mayores en zonas rurales 
ecuatorianas [Factors associated with malnutrition in a group of older 
adults in ecuadorian rural areas]. Archivos Venezolanos de Farmacología 
y Terapéutica. 38(6):700–5 ISSN: 0798-0264. https://​www.​redal​yc.​org/​artic​
ulo.​oa?​id=​55964​142004.

https://bit.ly/2UwgnuA
https://bit.ly/2UwgnuA
https://doi.org/10.4067/S0717-75182014000200008
https://doi.org/10.34172/ijhpm.2020.259
https://doi.org/10.1136/jech.2006.058578
https://doi.org/10.1186/1471-2431-9-64
https://doi.org/10.1186/1471-2431-9-64
https://bit.ly/3mdTgjW
https://doi.org/10.4067/S0034-98872007001200002
https://doi.org/10.4067/S0034-98872007001200002
https://doi.org/10.1016/S0140-6736(10)61514-0
https://doi.org/10.1016/S0140-6736(10)61514-0
https://doi.org/10.1123/jpah.2014-0177
https://doi.org/10.1096/fasebj.31.1_supplement.649.13
https://doi.org/10.3305/nh.2014.29.6.7303
https://doi.org/10.1186/s12966-017-0556-1
https://doi.org/10.1186/s12966-017-0556-1
https://doi.org/10.5867/medwave.2020.03.7883
https://doi.org/10.5867/medwave.2020.03.7883
https://doi.org/10.1186/s42506-019-0034-5
https://doi.org/10.1186/s42506-019-0034-5
https://doi.org/10.1079/PHN2001283
https://doi.org/10.1079/PHN2001283
https://doi.org/10.3945/ajcn.114.083790
https://doi.org/10.3945/ajcn.114.083790
https://acortar.link/Q6b0c
https://iris.paho.org/handle/10665.2/49511
https://iris.paho.org/handle/10665.2/49511
https://doi.org/10.4067/S0717-75182020000200299
https://www.junaeb.cl/wp-content/uploads/2021/03/MapaNutricional2020_.pdf
https://www.junaeb.cl/wp-content/uploads/2021/03/MapaNutricional2020_.pdf
https://doi.org/10.4067/S0034-98872007000100009
https://doi.org/10.4067/S0034-98872007000100009
https://doi.org/10.4067/S0717-75182011000100006
https://doi.org/10.4067/S0717-75182011000100006
https://doi.org/10.4067/S0034-98871999000800003
https://doi.org/10.4067/S0034-98871999000800003
https://doi.org/10.4067/S0034-98872017000100019
https://doi.org/10.4067/S0370-41062017000600707
https://doi.org/10.4067/S0370-41062017000600707
https://bit.ly/3gefGO7
http://observatorio.ministeriodesarrollosocial.gob.cl/encuesta-casen-2017
http://observatorio.ministeriodesarrollosocial.gob.cl/encuesta-casen-2017
https://doi.org/10.1136/bmjopen-2016-014548
https://doi.org/10.1136/bmjopen-2016-014548
https://www.redalyc.org/articulo.oa?id=55964142004
https://www.redalyc.org/articulo.oa?id=55964142004


Page 11 of 11Alvear‑Vega and Vargas‑Garrido ﻿BMC Public Health           (2022) 22:44 	

•
 
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

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

	45.	 Villalobos-Dintrans P. Informal caregivers in Chile: the equity dimension 
of an invisible burden. Health Policy Plan. 2019;34(10):792–9. https://​doi.​
org/​10.​1093/​heapol/​czz120.

	46.	 Swinburn BA. Obesity prevention: the role of policies, laws and regula‑
tions. Aust N Z. Health Policy. 2008;5(12). https://​doi.​org/​10.​1186/​
1743-​8462-5-​12.

	47.	 National Institute of Public Health & UNICEF México (INSP, 2016). Encuesta 
Nacional de Niños, Niñas y Mujeres 2015 [National Survey of Children and 
Women 2015]. https://​www.​unicef.​org/​mexico/​media/​1001/​file/​UNICEF_​
ENIM2​015.​pdf

	48.	 Yan J, Liu L, Zhu Y, Huang G, Wang PP. The association between breast‑
feeding and childhood obesity: a meta-analysis. BMC Public Health 
2014;14:1267. https://​doi.​org/​10.​1186/​1471-​2458-​14-​1267.

	49.	 National School Support and Scholarships Board (JUNAEB, 2019). Informe 
Mapa Nutricional 2018 [Nutrition Map Report]. Chile: Lira, Mariana. 
https://​www.​junaeb.​cl/​wp-​conte​nt/​uploa​ds/​2019/​12/​Infor​me-​Mapa-​
Nutri​cional-​2018.​pdf.

	50.	 Loaiza S, Atalah E. Factores de riesgo de obesidad en escolares de primer 
año básico de Punta Arenas [Risk factors for obesity in school children of 
Punta Arenas]. Rev Chil Pediatr. 2006;77(1):20–6. https://​doi.​org/​10.​4067/​
S0370-​41062​00600​01000​03.

	51.	 Atalah E, Urteaga C, Rebolledo A, Delfín S, Ramos R. Prevalencia de 
obesidad en escolares de la Región de Aysén [Prevalence of obesity in 
schoolchildren in the Aysén Region]. Rev Chil Pediatr. 1999;70(3):208–14. 
https://​doi.​org/​10.​4067/​S0370-​41061​99900​03000​06.

	52.	 Núñez A, Manzano CA, Chi C. Health outcomes, utilization, and equity in 
Chile: an evolution from 1990 to 2015 and the effects of the last health 
reform. Public Health. 2020;178:38–48. https://​doi.​org/​10.​1016/j.​puhe.​
2019.​08.​017.

	53.	 Ceroni P, Alvear S, Pino G. Determinantes de no-participación en el 
programa de alimentación complementaria de personas mayores, 
resultados de la CASEN 2015 [Determinants of non-participation in the 
complementary food program for elderly people in Chile, results from 
the CASEN 2015 survey]. Rev Chil Nutr. 2019;46(1):47–53. https://​doi.​org/​
10.​4067/​s0717-​75182​01900​01000​47.

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

https://doi.org/10.1093/heapol/czz120
https://doi.org/10.1093/heapol/czz120
https://doi.org/10.1186/1743-8462-5-12
https://doi.org/10.1186/1743-8462-5-12
https://www.unicef.org/mexico/media/1001/file/UNICEF_ENIM2015.pdf
https://www.unicef.org/mexico/media/1001/file/UNICEF_ENIM2015.pdf
https://doi.org/10.1186/1471-2458-14-1267
https://www.junaeb.cl/wp-content/uploads/2019/12/Informe-Mapa-Nutricional-2018.pdf
https://www.junaeb.cl/wp-content/uploads/2019/12/Informe-Mapa-Nutricional-2018.pdf
https://doi.org/10.4067/S0370-41062006000100003
https://doi.org/10.4067/S0370-41062006000100003
https://doi.org/10.4067/S0370-41061999000300006
https://doi.org/10.1016/j.puhe.2019.08.017
https://doi.org/10.1016/j.puhe.2019.08.017
https://doi.org/10.4067/s0717-75182019000100047
https://doi.org/10.4067/s0717-75182019000100047

	Social determinants of malnutrition in Chilean children aged up to five
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Social determinants of malnutrition in children under five
	Malnutrition in Chilean children up to five

	Material and methods
	Source of information
	Outcome variable: undernutrition, normal nutrition, and overnutrition
	Independent variables
	Plan of analysis

	Results
	Goodness of fit
	Marginal effects
	Relative risk

	Discussion
	Conclusions
	Acknowledgments
	References


