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Abstract
Parental practices can affect children’s weight and BMI and may even be related to a high prevalence of obesity. Therefore, the aim of this study
was to evaluate the relationship between parents’ practices related to feeding their children and excess weight in preschoolers in Bucaramanga,
Colombia, using artificial intelligence. A cross-sectional study was carried out between September and December 2017. The sample included
preschoolers who attended child development institutions belonging to the Colombian Institute for Family Wellbeing in Bucaramanga and the
metropolitan area (n 384). The outcome variable was excess weight and the main independent variable was parental feeding practices.
Confounding variables analysed included sociodemographic characteristics, food consumption, and children’s physical activity. All equipment
for the anthropometricmeasurements was calibrated. Logistic regressionwas used to predict the effect of parental practices on the excess weight
of the children, and the AUC was used to measure performance. The parental practices with the greatest association with excess weight in the
children involved using food to control their behaviour and restricting the amount of food they offered (use of food to control emotions (OR 1·77;
95 % CI 1·45, 1·83; P = 0·034) and encouraging children to eat less (OR 1·22; 95 % CI 1·14, 1·89; P = 0·045)). Childrearing practices related to
feeding were found to be an important predictor of excess weight in children. The results of this study represent implications for public health
considering this as a baseline for the design of nutrition education interventions focused on parents of preschoolers.
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Family and home environments have a large influence over chil-
dren health. Members of the same family have been found to
share risk factors associated with overweight (OW) and obesity
(OB)(1). These factors include parental childrearing practices,
preferences for certain foods with high fat and sugar and physi-
cal inactivity patterns(2).

Parental practices are considered to be educational styles that
determine a family’s actions andmediate theways inwhich parents
and children interact(3,4). A significant association has been found
between these practices and the body weight of children(5).

According to the WHO, the first years of life are crucial for
establishing eating preferences and good nutritional habits(6).
Therefore, the relationship that children establish with food
can bemediated by the beliefs and preferences that their parents
and caregivers have towards food(7,8).

Unhealthy weight gain in children and many eating behav-
iours that are established early in life will likely continue into
adulthood. This situation poses some risk and raises concerns
about the increase in OW and OB among children under 5 years
of age, which exceeded 31millionworldwide in 1990 and 41mil-
lion in 2015(6).

Previous studies have found that certain parental styles can
affect children’s weight and BMI and may even be related to a
high prevalence of OB(9–11). Nonetheless, the consequences of
these type of childrearing styles and how they relate with OW
and OB are still debatable.

Furthermore, the interaction between parents and child
should be the subject of more investigations that contribute to
a deeper understanding of this phenomenon, in order to develop
effective interventions to solve childhood weight problems.

Abbreviations: BMI/A, BMI for age; LR, logistic regression; OB, obesity; OW, overweight.
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Therefore, the aim of this study was to evaluate the relationship
between parental feeding practices and excess weight in pre-
school children in Bucaramanga, Colombia, using artificial intel-
ligence as an analytical approximation.

To conclude this section, we would like to note a methodo-
logical aspect that is important because it represents a novel
approach for studies on the association of nutrition variables.
We have used artificial intelligence, namely, a selection of vari-
ables that are commonly used inmachine learning (the branch of
artificial intelligence that addresses these topics). This was aimed
at contributing additional evidence for the conclusions that we
obtained with the traditional statistical techniques used in this
field. A second objective was to propose an alternative method-
ology that could be used in the future, since with artificial intel-
ligence techniques, there is no need to be limited to predictive
linear models (such as logistic regression).

Methods

Study sample

A cross-sectional analytical study was performed. The study
population included children under 6 years of age who attended
a government programme run by the Colombian Institute for
Family Wellbeing (Instituto Colombiano de Bienestar Familiar
(ICBF, Spanish acronym)), named Children’s Homes (Hogares
Infantiles in Spanish), in the Bucaramanga metropolitan area,
Colombia.

A sample size of 384 children who and their respective
parents was analysed, considering a two-sided 95 % CI (1-α),
α error of 5 %, power of 80 %, prevalence of excess weight
among exposed children of 30 %, prevalence of excess weight
in non-exposed children of 20 %, prevalence of changes in
excess weight among non-exposed children of 10 %, effect size
of 1 and expected OR of 2·0 (OpenEpi, version 3).

For every child of the analytic sample, the surveywas applied
exclusively to one parent through a direct interview. The selec-
tion of the Children’s Homes (n 18) was based on a simple ran-
dom sample, with a sampling framework composed of all
institutions of that type (n 37) located throughout the city and
metropolitan area. Within each institution, a computerised ran-
dom number generator was used to select the participants.

Preschool-age children who attended the Children’s Homes
in Bucaramanga and its metropolitan area were included. In
addition, we included their parents or primary caregivers who
were randomly selected. Parents/caregivers were excluded from
the study if they did not necessarily have mental and physical
conditions to answer the survey.

We excluded caregivers or parents who did not know how to
read or write. The data were collected between September and
December 2017. This process was carried out in the HI facilities
by nutritionists who were previously trained in the direct inter-
view method and in taking anthropometric measurements using
standardised techniques. This study was conducted according to
the guidelines laid down in the Declaration of Helsinki, and all
procedures involving human subjects were approved by the
Ethics Committee of the University Industrial of Santander (Act

Nª 6, 7 April 2017). Informed consentwas obtained frommothers
on behalf of their children at each stage of data collection.

Measures

Outcome variable: excess of weight. OW or OB was defined
as BMI for age (BMI/A) ≥þ2·0 z-score SD for children under
5 years of age, and BMI/A≥ 1·0 SD for children 5 years of age
and older(12).

Children’s nutritional status was classified according to
growth and development established by the WHO(12) using as
indicators the z values of the BMI/A.

Explanatory variable: parents’ practices related to feeding
their children. This variable was determined by administering
a Parental Feeding Practices Survey.

The Parental Feeding Practices Survey contains four
domains: (a) positive involvement in children’s feeding, (b)
pressure to eat, (c) use of food for behaviour control and (d)
restriction of the amount of food items that reflect both the
use of parental control over children’s feeding and child-cen-
tred feeding practices. In addition, a previous study that evalu-
ated the validity of this instrument found good initial validity
and reproducibility(13).

Covariates

The children’s variables included in the analyses were sex, age,
socio-economic level and eating habits. In addition, their food
consumption over the past month was measured by a FFQ that
was developed and administered as part of the National
Nutritional Situation Survey (ENSIN, 2015)(14). The mothers
and fathers participating in the study reported the information
regarding their children’s food consumption. Physical activity
was evaluated with the Measurement of Physical Activity and
Sedentary Behavior Survey (CMAFYCS in Spanish), which con-
tains questions related to the number of min/week that the chil-
dren spent: walking, dancing, participating in an organised sport,
riding a bike, skating, jumping rope and swimming. This has
been validated for the Colombian preschool population(15).
This information was also reported by the mother or father of
each child. Waist circumference was measured with the tech-
nique described by Lohman et al.(16), with each child standing,
their abdomen relaxed, arms at their sides and feet together. A
measuring tapewas placed horizontally at the level of the natural
waist, that is, at the narrowest point of the circumference of the
torso. The measurement was obtained without compressing the
skin and after completing a normal breath. Weight:height ratios
were also calculated.

The variables related to parents and caregivers were the fol-
lowing: sex, age, socio-economic level, education, occupation,
marital status, head of family, family composition (number of
members in the family, number of children, number of children
under 7 years old), person responsible for decisions related to
food and its preparation, weight, height and waist circumference.

The direct interview method was used to collect the socio-
demographic variables related to the parents and caregivers.

132 E. M. Gamboa et al.

D
ow

nloaded from
 https://w

w
w

.cam
bridge.org/core . U

niovi, on 24 Jun 2021 at 09:00:48 , subject to the Cam
bridge Core term

s of use, available at https://w
w

w
.cam

bridge.org/core/term
s . https://doi.org/10.1017/S0007114520003797

https://www.cambridge.org/core
https://www.cambridge.org/core/terms
https://doi.org/10.1017/S0007114520003797


This procedure was carried out by nutritionists previously
trained in this technique.

Procedures

The nutritionists responsible for collecting data were trained in
administering the survey through a direct interview and in taking
anthropometric measurements according to techniques standar-
dised by the International Society for the Advancement of
Kinanthropometry(17). Measurements were taken in duplicate
by two independent nutritionists, with children wearing light
clothing and without shoes. Reproducibility was obtained with
two measurements of weight, size and waist circumference,
using intraclass correlation coefficients (intraclass correlation
coefficient 0·95, 95 % CI 0·88, 0·97; intraclass correlation coeffi-
cient 0·97, 95 %CI 0·90, 0·98 and intraclass correlation coefficient
0·91, 95 % CI 0·89, 0·95, respectively).

Body height (scale 0·1 cm) was measured without shoes
using a portable stadiometer (SECA® 213). Body weight was
measured using electronic scales, with an accuracy of 0·1 kg
(SECA®, reference 803). Waist circumference measurements
were made at the narrowest point, the midpoint between the last
costal edge and the iliac crest, using a flexible steel anthropomet-
ric tape (Lufkin) measure with a precision of 0·1 mm.

Statistical analysis

Data analysis was conducted between June and October 2018.
This initially included the distribution of categorical (propor-
tions) and continuous variables (means and standard deviation,
or median and interquartile range), according to distribution.
Shapiro–WilkW test was used to verify the normality of the data.
To assess the differences among continuous variables, the
Student’s t test was used for normal distributions; otherwise,
the Mann–Whitney U test was used. To determine whether
differences existed among categorical variables, χ2 and Fisher
exact tests were used. The calculation of the prevalence of
excess weight excluded two children (0·5 % of the total sample)
who lacked complete anthropometric data.

Two alternativemethodswere used to determine the parental
practices that most affected OW in the children. First, the results
obtained with Artificial Intelligence techniques are presented,
namely, techniques for selecting subsets of variables (feature
subset selection) with machine learning tasks. This technique
used programmes implemented in Python with scikit-learn
library. For the second technique, logistic regression models
were generated using Stata 14.0 software (Stata Corporation).

In both cases, BMI/A was determined with WHO Anthro and
Anthro Plus.

Analysis with machine learning

The data set was treated as a binary classification task. The
classes corresponded to excess weight of children according
to the BMI/A cut-off points indicated previously.

Variables were divided into three groups: (G1) socio-
demographic (eating habits, sex, age, socio-economic level,
education, occupation, marital status, head of family, family
composition, person responsible for decisions related to food

and its preparation); (G2) frequency of consumption of certain
food groups (food consumption over the past month was mea-
sured by an FFQ) and physical activity performed by children
(specifically, the number of min/week that the children spent
walking, dancing, participating in an organised sport, riding a
bike, skating, jumping rope and swimming) and (G3) parental
feeding practices. Regarding the variables for G3 (corresponding
to the questions from the survey about parental feeding practices
used in this study), these were grouped into four dimensions
in order to measure different aspects related to parental
practices(13). These dimensions were: positive involvement in
children’s eating (D1), pressure to eat (D2), use of food to control
behaviour (D3) and restricting the amount of food (D4).
Additionally, questions related to these dimensions, a group of
general questions (G) was created. Each group contained sub-
components. The online Supplementary material in this article
includes a list of all the G3 variables.

Logistic regression (LR) was used to determine the degree to
which the variables in groups G1, G2 and G3 could predict
excess weight in the children. The LR was implemented in
Python using the scikit-learn library.

Since the classes in the data set were poorly balanced (thirty-
five cases with excess weight v. 347 without this outcome), an LR
was used with the parameter ‘class_weight = balanced’.
Regarding the C of the LR, the experiments used C= 1. Since
the values of all the variables were numeric, ‘missing’ values
were imputed using the mean. The variables were standardised
to obtain uniform ranges.

In addition, given the unbalanced nature of the data men-
tioned above, the AUC was used to measure the performance
of the LR. As is known, the AUCmeasures the proportion of case
pairs (one from each class) that are correctly classified. A value of
0·5 corresponds to random and 1 corresponds to the perfor-
mance of a perfect classifier.

Furthermore, since the main interest of this study was to
determine which parental behaviours more greatly influenced
excess weight in children, a variable selection algorithm was
used and the five variables that were most relevant to predicting
excess weight were sought. In this case, Recursive Feature
Elimination(18) was used, which was the most standard one for
this context. This selection method began with all the available
variables and gradually discarded those that were less important
to determining the probability of presenting excess weight. With
the implementation used, one variable was eliminated at a time
until arriving at the five most relevant variables. In order to sep-
arate the training process from the test, results were obtained
using cross validation. It is important to mention that this
method, which is used in machine learning for linear classifica-
tions (such as in LR), requires a significant programming load.
Therefore, a programming environment such as Python with
the scikit-learn library was used.

Results

A total of 384 children under 6 years of age were analysed, along
with their respective father or mother. The average age of the
parents was 33 (SD 11·1) years. No statistically differences in

Parenteral feeding and excess weight in children 133

D
ow

nloaded from
 https://w

w
w

.cam
bridge.org/core . U

niovi, on 24 Jun 2021 at 09:00:48 , subject to the Cam
bridge Core term

s of use, available at https://w
w

w
.cam

bridge.org/core/term
s . https://doi.org/10.1017/S0007114520003797

https://www.cambridge.org/core
https://www.cambridge.org/core/terms
https://doi.org/10.1017/S0007114520003797


the general characteristics of interest were found between girls
and boys (Table 1).

Regarding parents, 51·29 %were heads of family; on average,
betweenMonday and Friday, the parents spent 4 (SD 2.62) h with
their child eating, playing, reading, talking or doing homework.
On the weekend, they spent 9.5 (SD 6.27) h performing these
activities with their children. Regarding the anthropometric sta-
tus of the parents, their average weight was 65·41 (SD 12·82) kg
for mothers and 77·08 (SD 14·52) kg for fathers, height was 156·85
(SD 7·07) cm for mothers and 168·14 (SD 9·46) cm for fathers and
waist circumference was 82·05 (SD 12·01) cm for mothers and
83·63 (SD 12·32) cm for fathers, with a prevalence of excess
weight of 55·31 % for mothers and 65·71 % for fathers.

The prevalence of excess weight (OW or OB) in the children
was 9·2 (95 % CI 6·9, 12) %. The table in the online
Supplementary material shows the parents’ practices related to
feeding their children. There were no significant differences
between fathers and mothers (P= 0·657) in terms of the use
of food to control the behaviour of their children or restricting
their children’s food consumption (P= 0·294). Meanwhile, sta-
tistically significant differences were found between restricting
food consumption for children with and without excess weight

(P= 0·044), with a greater frequency for children without excess
weight.

Table 2 presents the results from the selection of variables
using Recursive Feature Elimination, the artificial intelligence
method described previously. This was based on two sets of
variables and used the selection method. The first group
includes the variables from all three groups, represented by
G1þG2þG3. The selection that was obtained is limited to
three variables: 31_2, 31_5 and 67. An AUC of 0·676 was
obtained only with these variables. Note that the variables
31_2 and 31_5 correspond to the group of questions inquiring
about whether food or drinks were used to control the
children’s behaviour.

In order to determine whether the G3 group needs to be
present for obtaining an acceptable classification, the G3 varia-
bles were eliminated from the baseline group of variables. That
is, we searched for the most relevant variables based on
G1þG2. This in fact resulted in an AUC of 0·615, indicating that
the G3 group is necessary for obtaining a good classification.

As we have mentioned, we also used a conventional method
to identify parental feeding practices associated with excess
weight. Table 3 shows the results obtained. When adjusting

Table 1. General characteristics of preschool children in Bucaramanga, Colombia, according to sex
(Numbers and percentages; median values and interquartile ranges (IQR))

Characteristics

All (n 384) Girls (n 190) Boys (n 194)

Pn % n % n %

Sociodemographic characteristics
Age (months)

Median 47·9 48·6 47·2 0·448*
IQR 17·5 16·6 16·6

Socio-economic level
Low 199 52·6 98 52·1 101 53·2 0·841†
Medium 179 47·4 90 47·9 89 46·8

Parent’s monthly income‡§
<1 CLMMW ($245·90 USD) 203 57·2 107 61·1 96 53·3 0·137†
≥1 CLMMW ($245·90 USD) 152 42·8 68 38·9 84 46·7

Parent’s educational level
Secondary or less 190 49·9 99 52·1 91 47·6 0·384†
More than secondary 191 50·1 91 47·9 100 52·4

The child lives with both parents
No 144 37·6 67 35·5 77 39·7 0·392†
Yes 239 62·4 122 64·5 117 60·3

Physical activity level||
Physical activity performed by children (min/week)
Median 1335 1315 1362 0·997*
IQR 1500 1770 1307

Excess weight (overweight or obesity)
No 347 90·8 172 90·5 175 91·1 0·861¶
Yes 35 9·2 18 9·5 17 8·9

Waist circumference (cm)
Median 52·0 52·0 52·1 0·256*
IQR 4·0 4·5 4·2

Waist:height ratio
Median 0·52 0·52 0·52 0·608*
IQR 0·04 0·05 0·04

BMI/A, BMI for age; CLMMW, Current Legal Minimum Monthly Wages.
* P value determined with the Mann–Whitney U test.
† P value determined with the χ2 test.
‡ $737·717 Colombian pesos in 2017, which on an average equalled $245·90 USD on the date of the survey ($1 USD = $3000 Colombian pesos).
§ n for caregivers is 355 for information about CLMMW.
|| Physical activity: number of min/week the children spent: walking, dancing, participating in an organised sport, riding a bike, skating, jumping rope and swimming.
¶ P value determined with Fisher’s exact test.
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by the sex, age, socio-economic level and physical activity of the
children, the presence of excess weight in children was found to
have a statistically significant association only with the use of
food to control emotions (OR 1·77; 95 % CI 1·45, 1·83,
P= 0·034) and encouraging children to eat less (OR 1·22; 95 %
CI 1·14, 1·89; P= 0·045).

In addition to the above, when exploring the results accord-
ing to the nutritional status of the parents, a statistically significant
association was found only between the presence of excess
weight in some parents and the practice of encouraging children
to eat less (OR 1·33; 95 % CI 1·01, 1·07; P= 0·041), after adjusting
by the sex, age and socio-economic level of the children.

Discussion

The role of parents in modelling eating practices and physical
activity for their children has been widely explored(19,20).

Some authors suggest that children’s preferences for certain
foods and the physical activity patterns that they choose reflect
their parents’ preferences, which assumes positive effects on
children’s body weight only when parents make correct choices.
Nevertheless, the results of the present study indicate that,
regardless of socio-economic level, the children’s food con-
sumption, or level of physical activity, certain parental practices
were more greatly related to excess body weight in the children.

Actually, the results from the artificial intelligence approach
described in this paper agreed with findings obtained by tradi-
tional methods and also showed additional evidences.

Thus, this study found that parental feeding practices are an
important associated variable of excess weight in children. One
practice that stands out is the use of food by parents or caregivers
to control behaviour, particularly to manage the emotional state
of children (boredom, frustration or anger) regardless of satiety,
which some authors call feeding to soothe or emotional
eating(21–24). This aspect was also reported by a study of children

Table 2. Results from theRecursive Feature Elimination (RFE) variable selectionmethod based on different groups to obtain the fivemost relevant variables*

Group of predictor variables AUC Variables selected

Sociodemographic variables þ children’s food
consumption and physical activity variables þ parental
feeding practices (G1þG2þG3)

0·676 Parental practices:
Giving something to eat or drink to your child if he/she is bored, although

you think he/she is not hungry(31_2)
Giving something to eat or drink to make your child happy, although you

think he/she is not hungry (31_5)
Letting your child decide the amount of food that he/she needs to eat (67)
Frequency of consumption of butter and salt on the table (G2)

Sociodemographic variables þ children’s food consumption
and physical activity variables (G1þG2)

0·615 Frequency of consumption of: fortified flour (Bienestarina†), butter, cheese,
salt on the table and viscera (G2)

* The classification algorithm was logistic regression and the performance used the AUC estimated by means of a cross-validation.
† Bienestarina® is a flour enrichedwith vitamins andminerals and is a food supplement of high nutritional value, which consists of a mixture of flours and/or cereal starches (wheat and
maize), soya flour and whole milk powder, with vitamins and minerals. Bienestarina is provided by the government (not for sale) for Colombian Institute for Family Wellbeing pro-
grammes in order to improve the nutrition of children attending that institution (some of whom are malnourished).

Table 3. Associations between parental feeding behaviours and excess weight in Colombian preschoolers†
(Odds ratios and 95% confidence intervals)

Characteristics

Model 1 Model 2

OR 95% CI P OR 95% CI P

Dimension: 1. Positive involvement in children’s eating
1.1 Monitoring/limiting high-energy foods 1·15 0·77, 1·71 0·487 1·08 0·89, 1·25 0·570
1.2 Encourage/congratulate for eating healthy 0·89 0·59, 1·33 0·576 0·84 0·52, 1·35 0·683
1.3 Encouragement for trying a variety of new foods 0·93 0·68, 1·26 0·659 0·78 0·65, 1·44 0·791
1.4 Asking the child why he/she eats 1·01 0·75, 1·37 0·919 1·04 0·81, 1·43 0·954
1.5 Providing small portions 1·11 0·81, 1·53 0·488 1·08 0·76, 1·65 0·542

Dimension: 2. Pressuring to eat
2.1 Telling the child to eat everything on the plate 0·91 0·66, 1·26 0·606 0·88 0·55, 1·32 0·763
2.2 Requiring that the child eats even if he/she is not hungry 1·38 0·50, 1·93 0·119 1·11 0·61, 1·22 0·093

Dimension: 3. Use of food to control behaviour
3.1 Use of food to control emotions 1·86 1·60, 1·94 0·038 1·77 1·45, 1·83 0·034*
3.2 Use of food as a reward 1·01 0·67, 1·53 0·928 1·10 0·55, 1·67 0·935

Dimension: 4. Restricting the amount of food
4.1 Encouraging children to eat less 1·37 1·02, 1·85 0·035 1·22 1·14, 1·89 0·045*
4.2 Allowing the child to control snacking and second servings 1·19 0·73, 1·94 0·480 1·03 0·60, 1·92 0·526
4.3 Limiting eating between meals 1·24 0·84, 1·81 0·264 1·13 0·77, 1·90 0·389
4.4 Allowing the child to choose his/her menu 1·17 0·78, 1·76 0·434 1·07 0·65, 1·93 0·528
4.5 Permitting the child to leave the table without finishing eating 0·80 0·48, 1·33 0·398 0·90 0·43, 1·46 0·463

* P< 0·05.
†Model 1, raw model; model 2, adjusted model (age, sex, socio-economic level and physical activity).
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under 18 months old that indicated harmful effects from the use
of food to control the emotional state of children(25). These types
of practices can inhibit the children’s ability to self-regulate, even
at early ages, as well as, affect the health of children as a result of
excess weight or malnutrition(26). Furthermore, unhealthy rela-
tionships with food are established when it becomes an emo-
tional regulator for children.

Regarding parental practice of restricting food, a study of a
population like ours found differences in that practice between
fathers and mothers. The father’s restrictive practice was related
to the eating behaviour of the children, while the mothers’ prac-
tice was related to the children’s temperament(27). Nevertheless,
our study did not find differences in this type of practice between
fathers and mothers.

Furthermore, to this childrearing style, findings by our study
as well as others show that practices that restrict certain types of
food and control the amount that is consumed are also related
to the weight of children. A study with non-Hispanic preschool
girls reported that mothers who restricted their daughter’s food,
regardless of whether they were hungry, generated poor self-
regulation processes in their daughters, triggering an increase
in energy consumption and thereby increasing weight for size.
In turn, this modified the mothers’ perception of their daugh-
ters’ bodies, which increased the restriction of food(28). The
characteristics of these findings may be like our study, which
indicates that these restrictive practices are more common
among parents of children without excess weight. This fact
rules out inverse causality in the association between this type
of practice and excess weight in children, since those practices
were not more common among parents whose children had
excess weight. It is worth mentioning that the practice of restric-
tion is a parental strategy that is characteristic of Hispanic
families(29).

The main finding of the present study was the role of parental
practices to control food in order to manage the emotional
responses of children and its relationship to excess weight.
This is a relatively new issue that warrants more documentation.
As other authors have noted, this suggests the importance of con-
tinuing to develop research to study not only children’s eating
behaviour but also the way in which parents and caregivers pro-
vide food(30), particularly the mother. Our results suggest that the
types of childrearing styles that parents or caregivers use when
feeding children at early ages can determine the way in which
the children relate to food in the future.

Some of the strengths of this study include the sample size
and the random selection of the children’s homes and of the par-
ticipating population. In addition, the quality of the process to
collect the data contributed to the internal validity of the study.
Another strength that is worth noting is the methodological
approach that was applied using artificial intelligence techniques
to evaluate the association of interest to this study. This applica-
tion, which is new in the field of nutrition, improves the robust-
ness of the evidence that is generated, thereby contributing to
the internal validity of the findings.

A limitation of this study includes the self-reporting to obtain
the data corresponding to the main explanatory variable, that is,
the practices that parents used to feed their children. Therefore,
memory bias on the part of the parents cannot be ruled out.

Further, the study design does not enable establishing a causal
relationship between parental feeding practices and the devel-
opment of excess weight in children.

Conclusions

Parents who more frequently rely on practices that use food to
control their children’s behaviour andwho restrict the amount of
food that their children consume have childrenwithmore excess
weight than parents who do not commonly use those practices.
The findings of this study undoubtedly offer a window of oppor-
tunity to provide educational strategies for parents and care-
givers, regardless of socio-economic level, in order to not only
provide knowledge about how these types of practices can affect
the eating habits of children but also to help to develop skills that
contribute to adopting childrearing styles that more positively
impact the health of children.

Acknowledgements

The authors would like to thank the participants from Children’s
Homes, and the parents, caregivers and children for their valu-
able contributions. Thank you to the Colombian Institute for
Family Wellbeing (Instituto Colombiano de Bienestar Familiar)
for their administrative and collaborative efforts in the develop-
ment of this study.

This study was financed through a 2016–2017 internal call for
research projects by the Vicerrectoría de Investigación y
Extensión, of the Universidad Industrial de Santander, project
code 2310. The Vicerrectoría de Investigación y Extensión had
no role in the design, analysis or writing of this article.

Conceptualisation: E. M. G. D.; design of the study: E. M.
G. D., A. B. and C. I. A C.; carrying it out study: E. M. G. D.
and C. I. A. C.; formal analyses: E. M. G. D. and A. B.;
writing – review and editing: E. M. G. D., A. B. and C. I. A. C.

None of the authors reports any conflicts of interest.

Supplementary material

For supplementary material/s referred to in this article, please
visit https://doi.org/10.1017/S0007114520003797

References

1. Nielsen LA, Nielsen TR & Holm JC (2015) El impacto de la pre-
disposición familiar a la obesidad y las enfermedades cardio-
vasculares en la obesidad infantil (The impact of family
predisposition on obesity and cardiovascular diseases in child-
hood obesity). Obes Hechos 8, 319–328.

2. Budd GM & Hayman LL (2008) Addressing the childhood
obesity crisis. Am J Matern Child Nurs 33, 113–117.

3. Ventura AK, Gromis JC & Lohse B (2010) Feeding practices and
styles used by a diverse sample of low-income parents of
preschool-age children. J Nutr Educ Behav 42, 242–249.

4. Stang J & Loth KA (2011) Parenting style and child feeding prac-
tices: potential mitigating factors in the etiology of childhood
obesity. J Am Diet Assoc 111, 1301–1305.

5. Shloim N, Edelson LR, Martin N, et al. (2015) Parenting styles,
feeding styles, feeding practices, andweight status in 4–12 year-

136 E. M. Gamboa et al.

D
ow

nloaded from
 https://w

w
w

.cam
bridge.org/core . U

niovi, on 24 Jun 2021 at 09:00:48 , subject to the Cam
bridge Core term

s of use, available at https://w
w

w
.cam

bridge.org/core/term
s . https://doi.org/10.1017/S0007114520003797

https://doi.org/10.1017/S0007114520003797
https://www.cambridge.org/core
https://www.cambridge.org/core/terms
https://doi.org/10.1017/S0007114520003797


old children: a systematic review of the literature. Front Psychol
6, 1849.

6. WHO (2006) WHO Child Growth Standards based on
length/height, weight and age. Acta Paediatr Suppl 450,
76–85.

7. Couch S, Glanz K, Zhou C, et al. (2014) Home food environ-
ment in relation to children’s diet quality and weight status.
J Acad Nutr Diet 114, 1569–1579.

8. Vaughn A, Barrio D, Fisher J, et al. (2015) Fundamental con-
structs in food parenting practices: a content map to guide
future research. Nutr Rev 74, 98–117.

9. Larios SE, Ayala GX, Arredondo EM, et al. (2009) Development
and validation of a scale to measure Latino parenting strategies
related to children’s obesigenic behaviors. The parenting
strategies for eating and activity scale (PEAS). Appetite 52,
166–172.

10. Johnson R, Welk G, Saint-Maurice PF, et al. (2012) Parenting
styles and home obesogenic environments. Int J Environ Res
Public Health 9, 1411–1426.

11. Saelens BE, Sallis JF, Frank LD, et al. (2012) Obesogenic neigh-
borhood environments, child and parent obesity: the
Neighborhood Impact on Kids study. Am J Prev Med 42,
e57–e64.

12. WHO (2009) WHO Child Growth Standards: Growth Velocity
Based on Weight, Length and Head Circumference: Methods
and Development. Geneva: World Health Organization.
https://apps.who.int/iris/bitstream/handle/10665/44026/
9789241547635_eng.pdf (accessed October 2020).

13. Tschann JM, Gregorich SE, Penilla C, et al. (2013) Parental feed-
ing practices in Mexican American families: initial test of an
expanded measure. Int J Behav Nutr Phys Act 10, 6.

14. Instituto Colombiano de Bienestar Familiar. Encuesta Nacional
de la Situación Nutricional en Colombia, ENSIN-2015. https://
www.icbf.gov.co/nutricion/ensin (accessed October 2017).

15. Camargo DC, Santisteban S, Paredes E, et al. (2015)
Confiabilidad de un cuestionario para medir la actividad
física y los comportamientos sedentarios en niños desde prees-
colar hasta cuarto grado de primaria (Reliability of a question-
naire to measure physical activity and sedentary behaviours in
children from preschool to fourth grade of primary school).
Biomédica 35, 347–356.

16. Callaway CW, Chumlea WC, Bouchard C, et al. (1991)
Circumferences. InAnthropometric Standardization Reference
Manual [TG Lohman, AF Roche and R Martorell, editors].
Champaign, IL: Human Kinetics Books.

17. Sociedad Internacional para el Avance de la Cineantropometría
(2001) Normas Internacionales para la Valoración
Antropométrica. Australia: LNd.

18. Darst BF, Malecki KC & Engelman CD (2018) Using recursive
feature elimination in random forest to account for correlated
variables in high dimensional data. BMC Genet 19, 65.

19. van der Maaten L & Hinton G (2008) Visualizing data using
t-SNE. J Mach Learn Res 9, 2579–2605.

20. Nazzaro C, Lerro M &Marotta G (2018) Assessing parental traits
affecting children’s food habits: an analysis of the determinants
of responsible consumption. Agric Food Econ 6, 23.

21. Huxtable A, Millar L, Love P, et al. (2018) Parental translation
into practice of healthy eating and active play messages and
the impact on childhood obesity: a mixed methods study.
Nutrients 10, 545.

22. Skouteris H, McCabe M, Swinburn B, et al. (2011) Parental
influence and obesity prevention in pre-schoolers: a systematic
review of interventions. Obes Rev 12, 315–328.

23. Evans A, Seth JG, Smith S, et al. (2011) Parental feeding prac-
tices and concerns related to child underweight, picky eating,
and using food to calm differ according to ethnicity/race, accul-
turation, and income. Matern Child Health J 15, 899–909.

24. Braden A, Rhee K, Peterson CB, et al. (2014) Associations
between child emotional eating and general parenting style,
feeding practices, and parent psychopathology. Appetite 80,
35–40.

25. Stifter CA & Moding KJ (2015) Understanding and measuring
parent use of food to soothe infant and toddler distress: a longi-
tudinal study from 6 to 18 months of age. Appetite 95, 188–196.

26. Sleddens EF, Kremers SP, Stafleu A, et al. (2014) Food parenting
practices and child dietary behavior. Prospective relations and
the moderating role of general parenting. Appetite 79, 42–50.

27. Haycraft E & Blissett J (2012) Predictors of paternal and mater-
nal controlling feeding practices with 2- to 5-year-old children.
J Nutr Educ Behav 44, 390–397.

28. Francis LA & Birch LL (2005) Maternal influences on daughters’
restrained eating behavior. Health Psychol 24, 548–554.

29. Lindsay AC, Sussner KM, GreaneyML, et al. (2011) Latinamoth-
ers’ beliefs and practices related to weight status, feeding, and
the development of child overweight. Public Health Nurs 28,
107–118.

30. Wood AC, Blissett JM, Brunstrom JM, et al. (2020) Caregiver
influences on eating behaviors in young children: a scientific
statement from the American Heart Association. J Am Heart
Assoc 9, e014520.

Parenteral feeding and excess weight in children 137

D
ow

nloaded from
 https://w

w
w

.cam
bridge.org/core . U

niovi, on 24 Jun 2021 at 09:00:48 , subject to the Cam
bridge Core term

s of use, available at https://w
w

w
.cam

bridge.org/core/term
s . https://doi.org/10.1017/S0007114520003797

https://apps.who.int/iris/bitstream/handle/10665/44026/9789241547635_eng.pdf
https://apps.who.int/iris/bitstream/handle/10665/44026/9789241547635_eng.pdf
https://www.icbf.gov.co/nutricion/ensin
https://www.icbf.gov.co/nutricion/ensin
https://www.cambridge.org/core
https://www.cambridge.org/core/terms
https://doi.org/10.1017/S0007114520003797

	Artificial intelligence as an analytic approximation to evaluate associations between parental feeding behaviours and excess weight in Colombian preschoolers
	Methods
	Study sample
	Measures
	Outcome variable: excess of weight
	Explanatory variable: parents' practices related to feeding their children

	Covariates
	Procedures
	Statistical analysis
	Analysis with machine learning

	Results
	Discussion
	Conclusions

	Acknowledgements
	Supplementary material
	References


