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Abstract: In order to better understand the implications of physical activity and nutrition in child
development, we conducted the present narrative with the aim to analyze the physical activity
and nutritional patterns related to maturation and development. To reach our study objective,
a consensus and critical review were conducted by analyzing primary sources such as academic
research and secondary sources such as databases, web pages, and bibliographic indexes following
procedures of previous critical narrative reviews. We employed the MedLine (Pubmed), Cochrane
(Wiley), PsychINFO, Embase, and CinAhl databases to search the MeSH-compliant keywords of
exercise, physical activity, nutrition, maturation, development, child, neonatal, infantry, and cognitive
development. We used manuscripts published from 1 January 2012 to 1 September 2022, although
previous studies were included to explain some information in several points of the review. We found
that physical activity and nutrition are basic pillars for the correct development and maturation of
the child. Factors associated with development as a species such as breastfeeding, the correct intake
of micro and macronutrients, and the performance of both passive and active physical activity will
modulate the correct motor and cognitive development in preschool age, childhood, and adolescence.

Keywords: pregnancy; neonatal; maturation; childhood; physical activity; nutrition; cognitive devel-
opment

1. Background

The initial periods of life of the human being are fundamental for a correct devel-
opment and an adult stage free of diseases at both organic and cognitive levels [1]. The
context of development is fundamental and various contextual epigenetic factors will have
a drastic effect on the development of the child. Thus, from the prenatal period and during
the development of the child, the social context, the nutrition, and the physical activity that
they carry out will mark their status at an adult level [2,3].

The prenatal period is basic in the correct psychophysiological development of the
subject, and the influence of the methylations produced at that time have great effects on the
programming of the development of the fetus [4]. For example, subjects who were fetuses
in the Dutch famine period (November 1944 to spring 1945) had a 10% higher mortality [5],
and the bases of how these deoxyribonucleic acid (DNA) methylations in prenatal stages
are mediators and risk factors for suffering metabolic diseases in adulthood have already
been described [6]. It was also possible to verify how these subjects who were fetuses at that
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time presented low weights, a characteristic that accompanied them for the rest of their lives,
even though they already had free access to food. However, if the mother’s malnutrition
only occurred during early pregnancy, the children had higher rates of obesity [7]. Serious
effects have also been found at other levels, since this population group appears to be more
sensitive to stress and has a rate twice the average of suffering from coronary heart disease,
as well as type 2 diabetes [8]. Interestingly, they also have greater reproductive success,
having children earlier and with a greater chance of having twins, and, amazingly, some of
these negative health effects continue to show up in the grandchildren of people who had
lived through the Dutch famine in the first trimester of pregnancy [9].

Findings from studies of the Dutch famine have shown that maternal malnutrition
during pregnancy has long-lasting negative consequences for the health of the offspring.
Many chronic diseases that plague our society today can originate in the womb. The effects
appear to be large and dependent on when the malnutrition occurred during gestation.
Furthermore, the effects are independent of the child size at birth. In particular, those
exposed to famine early in pregnancy did not have lower birth weights than those exposed
to famine prenatally, but had poorer general health as adults. This implies that adaptations
that allow the fetus to continue to grow may have adverse health consequences in adult-
hood [10]. Chronic degenerative diseases can be seen as a high price paid for adaptations
made in an adverse intrauterine environment. Maternal nutrition during pregnancy plays
an important role in subsequent susceptibility to the disease, hence the importance of
taking care of maternal nutrition in this very sensitive period [11].

Contextual stressors and nutrition in these early stages of life are critical to child
development. Another factor intrinsically related to the correct child development is the
level of physical activity. As a species, we are animals made by and for movement; we
need movement so that the powerful endocrine organ that is our skeletal muscle works
and can produce the basic cytokines for the regulation of other organic processes in the rest
of the body’s systems [12]. This will help the child develop physically and cognitively, and
has a direct implication with the future academic performance of the child [13]. In order to
better understand the implications of physical activity and nutrition in child development,
we conducted the present narrative with the aim of to analyze the physical activity and
nutritional patterns related to maturation and development.

2. Materials and Methods
Search Methods and Strategies for Research Identification

To reach our study objective, a consensus and critical review was conducted analyz-
ing primary sources such as academic research and secondary sources such as databases,
web pages, and bibliographic indexes following procedures of previous critical narrative
reviews [1,14–16]. We employed the MedLine (Pubmed), Cochrane (Wiley), PsychINFO,
Embase, and CinAhl databases to search the MeSH-compliant keywords of exercise, phys-
ical activity, nutrition, maturation, development, child, neonatal, infantry, and cognitive
development. We used manuscripts published from 1 January 2012 to 1 September 2022, al-
though previous studies were included to explain some information in several points of the
review. We used the following exclusion criteria per previous reviews [15–18]: i. research
out of the time period analysis; ii. presented topics out of the review scope; iii. unpublished
studies, books, conference proceedings, abstracts, and PhD dissertations. We used all of the
studies that met the scientific methodological standards and had implications with any of
the subsections of the present review. The information treatment was performed by the
seven authors of the review. Finally, articles were discussed by the authors to write the
present review. A total of 2151 papers were retrieved from the above bibliographic searches,
and 514 papers were removed after the publishing period inclusion criteria. Then, 192
papers were removed as duplicates, and 248 were rejected after reviewing paper titles and
abstracts. The final 193 papers were read to be considered relevant to the search criteria
and appropriate for assessing our research objective.
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3. Physical Activity and Nutritional Status in Pregnancy

There are different factors related to poor obstetrical outcomes—such as hypertensive
disorders, glycemic dysregulation, and aberrant fetal growth—including obesity and ex-
cessive weight gain during pregnancy. Therefore, adopting healthy habits and behaviors
during pregnancy is a key factor in reducing risk factors, improving obstetrical outcomes,
and promoting optimal fetal growth trajectories.

Traditionally, at the time of conception, a woman should have a Body Mass Index
(BMI) of between 18.5–24.9, which is what the authors have determined as “prevention
before conception [19]”. However, in the majority of cases, many women have low fitness
levels with a tendency to be overweight, which makes the “prevention before conception”
process difficult and slow. However, achieving a healthy pre-pregnancy BMI must be a
basic goal. From a holistic perspective, heath professionals among doctors, care providers,
nutritionists, and specialists in physical exercise should jointly focus on reducing weight
and reaching an optimal BMI before pregnancy [20]. The risk for the mother of suffering
risk of cardiac and pulmonary disease, gestational hypertension, and diabetes as well
as obstructive sleep apnea is high. Recent studies have focused on physical activity as
a key tool to mitigate comorbidities associated with an increased body weight pre- and
post-pregnancy, and optimize their health and longevity as well as that of their baby [21].

However, the scientific literature is scarce and lacks randomized control trials that
allow for precise guidelines for physical exercise pre- and post-pregnancy. Nevertheless,
we summarize our findings and suggest guidelines and benefits.

In a study of 1014 pregnant women, those who performed aerobic physical exercise
saw benefits during the pregnancy period. The authors state that the women who per-
formed between 2–3 sessions per week had similar pregnancy duration, risk of cesarean
delivery, and infant birth weight [22]. Following the recommendations of the American
College of Sports Medicine (ACSM) of 150 min of moderate intensity aerobic activity per
week translates into weight maintenance and physical condition, which already offers
significant benefits for the mother’s health, but can be insufficient in some cases [23]. Main-
tenance of the levels of physical activity prior to pregnancy translates into a reduction in
cesarean birth, increasing postpartum recovery time [24]. These levels of physical activity
translate into an essential factor in the prevention of depressive disorders in the postpar-
tum period [25], greater self-reported overall physical fitness [26] and cardiorespiratory
fitness associated with less bodily pain, lumbar and sciatic pain [27], and reduced pain
disability [28]. A randomized controlled trial involving 300 obese and overweight women
showed that performing aerobic exercise for 30 min three times a week, following the
ACSM guidelines, for a total period of 37 weeks resulted in reduced gestational weight
gain at less than 25 weeks of gestation, and lowered neonatal birth weight [29].

A recent meta-analysis showed a significant reduction in gestational hypertensive
disorders and hypertension, as well as cesarean birth in women who performed aero-
bic exercise 30–60 min 2–7 times per week [30]. Likewise, in 2017, a systematic review
suggested that the practice of physical activity between about 30–60 min 3–7 times per
week in obese and overweight women resulted in a reduction in the incidence of preterm
birth, greater than in women not obese or overweight but sedentary [31]. In the same
line, another systematic review and meta-analysis in 2016 suggested that normal-weight
pregnant women who practiced aerobic exercise for 35–90 min 3–4 times per week resulted
in a higher incidence of vaginal delivery and a significantly lower incidence of cesarean
birth, with a significantly lower incidence of Gestational Diabetes Mellitus (GDM) and
hypertensive disorders [32]. The latest study states that mothers with previous pathologies
not associated with pregnancy—such as chronic hypertension, type 1 diabetes, and type
2 diabetes—who performed physical exercise according to the ACSM recommendations
reduced the odds of cesarean birth by 55% chance and did not increase the risk of adverse
maternal and neonatal outcomes [33].

According to specialists, the practice of physical exercise is safe, and evidence suggests
that the fetus is not deprived of substrate during periods of maternal physical activity [34].
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Paying attention to the contraindications before and during the exercise is key, which are
addressed below. In view of these studies, we can presume that compliance with the ACSM
recommendations for cardiovascular exercise results in [20]:

Higher incidence of: Vaginal delivery.
Lower incidence of: Excessive gestational weight gain, gestational diabetes mellitus,

gestational hypertensive disorders, preterm birth, cesarean birth, and lower birth weight.
However, when it comes to prescribing physical exercise, we must consider a series of

physiological alterations, a consequence of pregnancy, which require individualizing the
prescription of physical exercise. Therefore, pregnant women will experience an increase in:

# The heart rate, stroke volume, cardiac output, tidal volume, and blood pressure with
respect to baseline

# Alterations in thermoregulation in which the core temperature increases.
# Process of hemoconcentration, an increase in the red series, given a loss of plasma vol-

ume. Finally, given the same training load, absolute energy expenditure is increased
for a pregnant woman.

Thus, contraindications in carrying out a physical exercise program would be deter-
mined by [35]:

• Uncontrolled type I diabetes, thyroid disease, or other serious cardiovascular, respira-
tory, or systemic disorders.

• Persistent second or third trimester bleeding, ruptured membranes, previous sponta-
neous abortion, preterm labor or previous preterm birth, hypertensive disorders of
pregnancy, incompetent cervix.

• Growth-restricted fetus, anemia (Hb: 100 g/L), high-order multiple gestation, malnu-
trition or eating disorder, placenta previa after 28th wk, twin pregnancy after 28th wk,
persistent second or third trimester bleeding.

While exercising, red flags to discontinue exercise during pregnancy will be deter-
mined by [36]:

• Vaginal bleeding, abdominal pain, regular painful contractions, amniotic fluid leakage,
dyspnea before exertion, dizziness, headache, chest pain, muscle weakness affecting
balance, calf pain or swelling.

The benefits for the mother are clear, but regarding the life of the newborn, there are
several.

Physical activity is safe. In fact, physical exercise can mitigate the negative consequences
of excess maternal body weight on infant birth size [19]. This optimization in weight, as a
consequence of physical exercise, is explained by the increase in the functional capacity of the
placenta to provide nutrients via increased placental surface area, perfusion balance and blood
flow [37]. Authors noted an asymmetric reduction in birth weight of exercising mothers, a
difference that was entirely accounted for by a reduction of neonatal fat mass with no changes
in lean mass compared with the offspring of matched controls [38].

There is an inconsistency in the literature because authors have shown a relationship
between maternal physical activity and low birth weight. However, in most of the studies
analyzed, a lack of control of caloric intake can be observed; in addition, they focus on lean,
healthy, active women [39]. Therefore, the results cannot be generalized to a larger sample.

Regarding the long-term child health benefits that exercise can exert during the preg-
nancy phase, the authors suggest that physical activity may trigger beneficial adaptations
to environmental stressors [40]. Recent studies in animal and human models show that
newborns with large gestational age are more likely to be overweight in stages of childhood,
adolescence, and adulthood [41]. In contrast, newborns with small gestational age are more
likely to have insulin resistance and type 2 diabetes mellitus, cardiovascular diseases, and
increased adipose tissue [42].

In summary, physical activity is an excellent tool to prepare women for a pregnancy
without complications, predisposing the newborn to the best possible health conditions.
Specialists in physical exercise are responsible for individualizing and studying each case.
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However, sole compliance with the recommendations of the ACSM of cardiovascular
physical exercise already supposes significant improvements both for the mother and
the newborn.

Nutrition is another of the essential tools along with physical exercise in the pre–
post pregnancy stages, both for the mother and for the embryo and its future health and
development. Both are modifiable factors, however, there is still a clear lack of information
and guidelines in this regard. Regarding nutrition, similar to exercise, the scientific literature
is scarce, and there are some methodological inconsistencies and lack of prospective studies
that allow for statements beyond establishing causal relationships.

Following the recent review of Marshall et al. in 2021 [43], we can summarize the
importance of proper nutrition during and after pregnancy, and its effects on the newborn.

Firstly, authors suggest an adequate and individualized diet, balanced in micro and
macronutrients. This contributes significantly during pregnancy to the optimal develop-
ment of the fetus and favorable obstetrical outcomes [44]. Thus, a healthy pregnancy and
optimal perinatal outcomes require a balanced diet. These types of diets are rich in fruits
and vegetables, whole grains and legumes, and rich monounsaturated fats, while avoiding
simple sugars, meats, and processed products as well as trans and saturated fats [45].
Furthermore, restrictive-type diets are detrimental to the health of both the mother and
the newborn. These diets can lead to an incorrect energy balance, leading to catabolism,
nutrient deficiencies and ketosis [46]. The types of diet models, both recommended and
not, are discussed below [43].

Mediterranean diet: This diet is on the recommended list due the high inclusion of
plant-based foods, vegetables, grains, legumes, spices, olive oil, fish, unprocessed meats,
poultry, and red wine with up to 40% of the calories coming from healthy fats.

Low sodium diet (hypertension model diet): This diet is on the recommended list due
to a highly balanced carbohydrates ratio of 58%, low intake of fats of around 28%, and
moderate protein intake of 18%. The diet is rich in fiber, calcium, magnesium, potassium,
and phosphorus. Special attention should be paid to possible vitamin D deficit.

Flexitarian diet: This is also a recommended diet. It is one based mainly on the consump-
tion of raw foods and vegetables. The meals are rich and they look for the widest possible
spectrum of foods, generally more than five in the same meal. Excessive consumption of
vegetables can lead to a deficit of calcium, vitamin B12, and iron.

Nordic diet: Fruits, vegetables, legumes, potatoes, whole grains, nuts, seeds, rye bread,
fish, seafood, low-fat dairy, herbs, spices, and canola oil. It is a diet with exclusions towards
red meats and animal fats. Sugar and sweeteners are excluded as much as possible, as well
as processed food and refined foods.

Atkins, Paleo, Vegan and Ketogenic diets: These are totally contraindicated nutritional
strategies. Mainly due to the amount of food that they restrict, these diets can generate a
micronutrient deficit. Low carbohydrate intake, conversely, induces a ketogenic state. All
of these diets produce a deficit of vitamin C, B folate, calcium, magnesium, and fiber.

In general terms, the consequences of malnutrition during pregnancy are directly
developed with anomalies in the weight of the fetus, generally less than 2500 g, small for
gestational age, fetal growth restriction, and large for gestational age. All of these factors are
related to the appearance of traditional Western and metabolic diseases in later stages of devel-
opment and adulthood [47]. Special focus needs to be asserted from a behavioral point of view.
The nutritional habits of pregnant adolescents are very different from those of older women.
Therefore, adolescents face greater socioeconomic difficulties and a lifestyle that requires
professional and social support [48] to optimize their diets, behaviors, and other aspects of
their health and social care before, during, and after their pregnancies. Therefore, pregnancy
at an early age requires extra attention in the nutritional and behavioral field. Furthermore,
the “prevention before conception” [19] is key. Current scientific evidence suggests that
the mother’s BMI, independent of their age, is directly related to gestational weight gain.
Although the ideal time to improve body weight and nutrition-related lifestyles is well
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before conception occurs [49], nutritional and physical activity interventions should begin
as soon as possible, as long as there are no contraindications such as those outlined above.

The regular consumption of vitamins and minerals, as well as supplements to reach
the recommended amounts of folic acid [50], among others, are recommended at least
2–3 months before conception and continuing throughout the pregnancy until the cessation
of lactation or at least 4–6 weeks after delivery. While pregnant, women should consume
an average of two portions per week of ocean fish, avoiding large predator fish such as
tuna or swordfish. When unable to achieve this recommendation, daily intake of at least
300 mg omega-3 docosahexaenoic acid (DHA) by taking a supplement providing at least
200 mg omega-3 DHA per day, in addition to the dietary DHA intake, is recommended [51].
Its regular consumption has been found to reduce the risk of early preterm birth prior to
34 weeks of gestation [52].

Whereas there is a risk of poor and deficient micronutrient nutrition, dietary supple-
mentation with iron, vitamin D, vitamin B12, iodine, and vitamin A is encouraged. Indeed,
women of reproductive age are advised to consume at least 400 µg of folic acid per day
as supplements or fortified foods [51], with folate supplements to be continued during at
least the first 16 weeks of pregnancy. Regarding B vitamins, they are of high importance to
lifelong health; folate, vitamin B12, and vitamin B6, together with choline, are involved in
the regulation of DNA methylation status, and deficiencies of these micronutrients may
contribute to long-term effects on offspring health through epigenetic pathways. Thus,
when the diet is insufficient due to the consumption of quality vegetables and meat prod-
ucts, supplementation is necessary [53]. Regarding vitamin D, it is essential for maintaining
maternal calcium homeostasis and thereby for fetal bone development [54].

The importance of vitamin D for fetal skeletal development is of highly importance.
Its deficiency has been related to low birth weight, increased risk of neonatal hypocalcemia,
cardiac failure, and reduced bone density in childhood. Dietary vitamin D intake usually
reaches only about 2–4 µg per day. Yet, when the intake comes from supplements, it should
be at least of 400 IU per day, and the total intake should be in the range of 1000–2000 IU
per day from dietary sources [51]. In general terms, at the beginning of the pregnancy the
energy intake differs very little from pre-pregnancy. Women should increase 85 kcal per
day during the first trimester, 285 during the second, and 475 during the last trimester [51].
Because physical activity tends to be much lower during the third trimester in comparison
to the earlier trimesters, dietary intake should not increase by more than a 10% at the end of
the pregnancy [52]. However, it should be noted that these recommendations are different
according to the initial nutritional status and physical activity.

4. Physical Activity in Neonatal Maturation

Overweight and obesity levels have recently become a matter of concern in the new-
born period [55]. In those early stages, physical activity evolves and increases over the first
year. Newborns’ movements seem to not have a clear objective or pattern, although they
usually start by arm waving and leg kicking (until they are 5 months old), sway, bounce,
and rock back and forth in a seated position (until they are 10 months old), and crawling
both with their belly on the floor (4–8 months old), or in a hand-knee position (7–11 months
old) [56].

Stimuli to enhance physical activity through these basic movements have been demon-
strated to help growth in infancy. One of the methods used is parental counselling for the
parents to stimulate their children’s movement. Those infants who followed this approach
had less adipose tissue, weight, and smaller abdominal circumference [57,58]. Physical ac-
tivity in early ages is very important for a correct growth of children’s bones, muscles,
and adipose tissue [57,59,60]. Despite the movements of newborns seeming too basic to
influence the body composition, the percentage of body fat is inversely related to physi-
cal activity observed in infants [61,62]. Moreover there has been found to be a negative
association between physical activity and weight gain [56]. Physical activity should be
addressed since the most early stage of life because it has an impact on a child’s body
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composition, which also persists in teenage years and adult life [57,59,60]. Physical activity
during pregnancy also helps to maintain better body composition in the neonates [19,63].

Physical activity is important in maturation since it helps the newborn to give and
receive more attention, which ends up with them having more opportunities to learn and
to develop mentally [56]. Regarding sex differences, boys develop approximately 0.2 more
standard deviations of physical activity than girls in infancy [64], although these differences
were smaller when caregiver observations were used to measure them [56].

To enhance physical activity, above all, preterm, passive, or assisted physical exercise
have been reported to give advantages to the children’s growth. Passive exercises are
those which are produced for an external force, in this case the newborn caregiver [57].
The advantages are quite similar to those in other newborns (bone mass, mineral content,
fat-free mass), plus weight gain and limbs length [65–70]. The interventions are not
homogeneous and consisted of passive resistance (5–10 min/day) [65] and flexor-extension
of the limbs (10 min, 3 times a day) [66,67], with a length of 3–8 weeks of duration [68].

One of the main limitations to assess physical activity in infants is the cost of use
for adequate instruments. The main instruments are questionnaires, observations, and
motion sensors [56,71]. Traditionally, questionnaires have been used to assess temperament,
personality and psychobiological behaviors [56]. Observations have been less used, and
the need to standardize codification systems also presents some drawbacks [56,72]. Motion
sensors, such as accelerometers, have the advantage of being able to assess the activity with
an objective, quantitative approach, but they still work better with older ages because the
basic patterns used in infancy are not as similar to those developed after one-year old with
the ability of walking [71,73,74]. The costs involved with this system could be higher, but
there is evidence that a period of 3 days, 24 h/day, is enough to assess physical activity in
infancy [75].

Although this topic is of great importance for the correct development and maturation
of infants, research is still scarce and there is a need for further studies to better analyze the
implications of physical activity and maturation in newborns [56,76].

5. Nutrition in Neonatal Maturation

According to the last section, nutrition in neonatal maturation has traditionally been
focused mostly on preterm infants [77–79]. There is a consensus about the importance of
breastfeeding as the most adequate way of providing the nutrients the infants need, since it
helps to develop a barrier against infections (especially gastrointestinal and respiratory), a
decreased risk of overweight and diabetes, and increases intelligence [80–82]. One of the
main advantages of breast milk is its positive effects on cognition due to their long-chain
polyunsaturated fatty acid composition [83]. However, there is no evidence of its benefits
on asthma, allergy, blood pressure, adiposity, height, and body mass index [84–86]. It is
also important to highlight the evidence regarding the importance of early breastfeeding
to significantly improve survival rates of newborns [87] in Ghana [88], Nepal [89], and
India [90].

A possible substitute for breastfeeding are infant formulas, which attempt to gather
all the nutrients that breastmilk has, such as low glycemic carbohydrates [77]. However,
whenever possible, natural consumption of breast milk is recommended. Recent studies
talk about the importance of this in the maturation and growth of the microbiota of the subject.
Sensitivity and development of asthma and allergies have been related to the lack of its
consumption [91]. A supplementation of docosahexaenoic acid seems to help breast-feeding
women and infant formulas to improve child neurodevelopment and allergy risks [52]. Bone
mineralization and bifidobacterial also seem to be increased because of triacylglycerol due
to infant formulas [92], although breastfeeding continues to be the best possible option for
infant nutrition [77].

Several authors have examined the importance of epigenetics as the underlying mech-
anisms that early nutrition enhances [93]. There is evidence of the importance of nutrition
in newborns to avoid overweight, cardiovascular diseases, diabetes, and other chronic
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diseases [94]. The influence of breastmilk in the composition of gut microbiota helps to
develop the immune system to fight against diseases throughout life [95], and the enhance-
ment of bifidobacterial diversity is associated with a better immune system and less allergy
development [96]. Early nutrition through breastfeeding also prevents the development
of metabolic diseases and obesity through inflammation reduction and fighting against
insulin resistance [78,93,97].

The neurocognitive and behavioral development are key factors during the earliest
periods of infancy [93]. A correct development of the central nervous system is crucial, and
evidence supports its link to nutrition through the microbiota–gut–brain axis [98]. The use
of prebiotics or probiotics has been found to be promising to prevent behavioral deficits,
and gut microbiota can enhance the central nervous system, neurotransmitter performance,
and an early brain development [99,100]. Early gut colonization can easily be promoted
by breastfeeding, and it can modulate epigenetic changes to improve immunological
maturation [93]. The relationship between the immune system and the neurocognitive
development has been proven through the presence of cytokine receptors on neurons
and glial cells [101], especially in neurodegenerative diseases [102–104] and because of
aging [105]. The alteration of nutrition in early stages can ultimately affect the hypothalamic
neural circuits controlling reproductive function [106]. The previous ideas support the
importance of the relationship about a correct nutrition to promote microbiota development
that helps to enhance the immune system to improve the neurocognitive growth in early
infancy [93].

Vitamin A supplementation has been traditionally studied with regards to its expected
benefits on the immune system, but the current evidence does not recommend newborn
vitamin A supplementation unless it is justified because of a deficiency (e.g., in South
Asia) [87].

As a practical application, nutrition education should be correctly addressed during
pregnancy and its contents should be updated according to the last scientific evidence [107].

6. Physical Activity and Nutritional Status in Childhood

The success for a correct development of the newborn lies in an adequate intervention
in modifiable factors such as nutrition and physical exercise. However, the most crucial
stages of development are those between 0 and 4 years old, which are the ones that will be
addressed below. Despite the effects and health benefits of physical activity and nutrition,
during these ages, it has been overlooked because it the time of life when children are
habitually “active enough” and, therefore, quite healthy. Yet, authors suggest that most
of the western chronic and metabolic adulthood diseases have their origins at very young
ages. With the World Health Organization estimating that around 42 million children under
five years old are already overweight, it seems that “active enough” is really not enough.

Indeed, studies that focus on the measurement and quantification of physical activity
at these ages suggest that levels of physical activity are low and insufficient, especially
regarding moderate to vigorous intensity, which is precisely the most suitable intensities of
physical activity for this age group, and which have the greatest impact on health [108].
One systematic review concludes that only 54% of the children were meeting the minimum
requirements of activity for these ages: 60 min of structured and 60 min of unstructured
physical activity every day [109]. However, studies in these age groups are limited, and, as
a result, the construction of concise and objective guides is also limited.

Most of the scientific information focuses on school-aged children and youth (5–17 years)
as well as adults (≥18 years), where there is concise and detailed information on the benefits
of physical activity, in particular moderate-to-vigorously intense physical activity. However,
there is a gap regarding the ages of 0–4 years. This is an essential and critical period for
physical, cognitive, social, and emotional development, thus clarifying the frequency,
intensity, time/duration, and type of physical activity is needed for healthy growth and
development is of great importance [110]. Furthermore, the most recent guide [111] by
Timmons and colleagues suggest that infants (1 year) should be physically active several
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times daily, ages comprehended between 1 and 4 years should accumulate at least 180 min
per day of physical activity at any intensity during the day, progressing to add to 60 min
per day of energetic play by 5 years of age; the current Canadian, Australian, and United
Kingdom guidelines are similar [112].

The authors suggest that there is a direct relationship between levels of physical activity
and its benefits. Among the benefits, higher activity levels were associated with lower
skinfold thickness. Physical activity was negatively related to triceps skinfold thickness,
suggesting that the impact of physical activity is most pronounced on peripheral adiposity
rather than whole-body adiposity [113]. Benefits regarding BMI and body fat percentage
are prospective, and authors found that higher activity at the baseline was associated with
smaller gains in BMI, with evidence of a dose response relationship between physical
activity and BMI and skinfold thickness [114]. Indeed, higher physical activity during the
preschool years was associated with better measures of adiposity up to 7 years later. In
addition, being physically active at 3 years old was related to a lower percentage of body
fat [115].

Authors suggest a positive effect on bone quality and mineral density, suggesting an
optimization in the production of osteoblasts in the developmental stage. Indeed, increased
activity was associated with increases in tibia circumference at post-intervention [116] with
a reminiscence effect lasting up to 12 months.

Regarding improvements in tone and motor control, the authors suggest that passive
cycling for 2 months during the first year of life resulted in motor (body control balance,
grasping) and adaptive (hand–eye coordination) development [117]. Interestingly, authors
also suggest that there was an increase in language development, defined by the authors
as forms of communications by facial expression, sounds, and vocalizations, suggesting
cognitive improvements. On the same age timeline, the authors found that an enhanced
physical activity program delivered in a nursery setting increments fundamental movement
skills compared with those in the control group, although there was not an increase in
habitual physical activity levels [118]. Similarly, in preschoolers, dance classes two times
per week resulted in improvements in the Test of Gross Motor Development compared to
controls [119]. Furthermore, authors also suggest an increase in psychosocial abilities and
health, suggesting gains in their social competence and externalizing behavior.

Regarding cardiometabolic health, the authors suggest reductions in total cholesterol,
HDL/total cholesterol ratio, and greater reductions in triglycerides by only being physically
active [120]. In a more recent study, 56 min of physical activity per day in preschoolers
of moderate physical intensity translated to better metabolic status as assessed from a
composite score of various cardiovascular disease risk factors [121].

In summary, we can conclude that regular physical activity and healthy dietary habits
are two ways to lower the chance of developing risk factors for chronic lifestyle diseases.
Kids who are active on a regular basis display higher level of aerobic and muscular fitness,
decreased body fat, stronger bones, and also better mental health and well-being. Thus,
it is vital that adults provide opportunities for children and adolescents to be physically
active and make good nutrition choices.

However, the hypothesis of how much exercise, and the adequate and perfect doses,
continues to exist. At these ages, it seems that objectifying these doses can even be consid-
ered absurd. Rather than focus on the quantification and objectification of physical activity
at these ages, efforts should focus on modifying and instilling healthy lifestyle habits. The
current trend towards a sedentary lifestyle is settling in at younger ages. It is the object of
the parents and the efforts of the researchers to promote adherence tools to physical activity,
which is where the efforts should be focused. Future research should focus on this type
of tool. A clear example would be the use of gamification and virtual reality at these ages,
with games such as PokemonGO [122], which have proven to be an effective tool to simply
overexpress the values of physical activity in childhood and adulthood inclusively.

Similar to physical activity and its promotion, regarding nutrition in childhood, it
should follow the same line and actively promote healthy habits and behaviors. Indeed,
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this age gap is crucial for development, where there is a higher demand for energy and the
micro and macronutrients that are related to rapid development and growth. However, the
WHO figures 42 million children under 5 years old are already overweight, and according
to The Center for Disease Control and Prevention, children are consuming around 40% of
their total daily kcal from processed, saturated, and fast food [123]. Therefore, nutrition
at this age is essential. Early brain and neural cognitive development occur during the
fifth and sixth years of life, with much of this development occurring before the age of
2 years [124]. As mentioned previously, an excess of weight and adipose tissue at an early
age translates into the appearance and perpetuation of chronic diseases in adulthood. This
40% of calories are high in sodium and contain preservatives and lack the nutrition content
needed for a healthy diet. These calories are also empty carbohydrates such as sugar and
unhealthy fats while lacking in the healthy essential ingredients for the body.

Below is a breakdown of caloric importance and essential micro and macronutrients
and their roles in childhood-aged development.

Regarding caloric computation, both a plus and a caloric deficit may lead to lasting
long-term effects even after diet correction, so caloric and nutritional individualization is
essential [125]. A nutritional deficit and malnutrition can lead to problems in the cognitive,
neural, and motor development of the individual. This would be due to the limitations,
especially of essential micronutrients, for the morphological development of the brain and
a correct melaninization [126]. Children exposed to conditions of poverty who were in a
state of malnutrition showed worse IQ levels, as well as a higher incidence of behavioral
problems in the future [127]. Authors also suggested that fasting and a prolonged stage
of caloric deficit resulted in lower amounts of energy overall which then contributed to
lower cognitive functioning [128]. This would mean a worse academic performance and
less possibilities and development in the future.

Problems also appear with an excess of calories, mainly related with overweight and
obesity. Both also affect cognition, mainly explained by impaired insulin receptor signaling,
which results in low levels of leptin in the brain and inefficient glucose metabolism [129].
In one longitudinal study of 9 years that considered the BMI in ages between 4 and 8 years
old, authors showed impairment in gross motor skills was higher among obese male
children than those of a normal weight. It was observed that there was also a relationship
between higher BMI and an attenuation in the ability to concentrate [130]. In the same
line, other authors have linked high caloric diets to impairments in cognitive functioning,
specifically in terms of mathematic comprehension [131], and decreased visual spatial
organization [132]. Given the negative consequences of childhood obesity, it is important
to gain a better understanding of factors contributing to overeating and obesity in children
in order to develop effective treatments and prevention strategies such as limiting daily
calorie intake [133]. Regarding micronutrients, the consumption of vitamins and enzyme
complexes is essential, especially to build neural connections during development. Authors
emphasize the importance of a correct balance of micronutrients from the early stages
(newborn), during the first few months of life; when they are not sufficiently supplied,
deficits can lead to lasting issues [134].

Regarding vitamin B complexes, specifically B12, a deficit can produce severe physical
and psychological impairment. In this line, a study assessed a group of 60 adults who
were categorized as mildly cognitively impaired and B12 deficient. After injections of 1 mg
of B12 a day for one week, the sample group was then assessed again for cognitive ability,
returning to normal levels [135]. In a similar study, after intervention of B12 supplementation,
47.2% of the patients showed cognitive improvement [136]. Therefore, its importance in the
development and maintenance of cognitive function is essential during development.

Regarding vitamin D, it has been observed that countries with less exposure to the sun
are deficient in it, and therefore have a greater tendency to experience rickets in infancy,
the formation of autoimmune diseases, and, if left untreated, various types of cancers
as well [137]. A recent meta-analysis analyzes the effect of vitamin D deficiency during
childhood, and the risk of dementia onset. Authors suggest that vitamin D works similarly
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to neurosteroids in the brain, including the regulation of calcium levels and potentially
protecting against neurodegenerative processes that are associated with the cognitive
decline seen in dementia [138]. Prospective studies in animal models suggest that optimal
levels of vitamin D are associated with improved cognitive function and better cognitive
aging [139].

In relation to cognitive function, vitamin C plays a crucial role as well, since it reduces
oxidants in the brain and ultimately protects against lesions forming. It functions as a natural
regulator for neurotransmitters such as dopamine and norepinephrine, thus a deficiency could
lead to neurological impairment [140]. In childhood, a recent study suggests that when
regularly given a probiotic with vitamin C, respiratory tract infections tend to decrease and
show higher recovery time [141]. It has been noted that if an unhealthy diet is recognized
early after birth, health problems are likely to be prevented through the appropriate
amendments to dietary habits that can carry into adulthood. Yet, attention to nutrition and
the product itself from the earliest ages is essential.

Regarding macronutrients, one of the most important proteins, they are of special
attention in development stages due to their molecular structure; they are essential and are
the basis for the production of neurotransmitters such as norepinephrine, melatonin, and
serotonin, as well as for optimal growth and muscle development [142]. A study evaluated
the consumption of a snack rich in protein, rich in fat, or simply fasting. The authors demon-
strated after intervention that, in addition to appetite control improvements, snacks high in
protein tended to reduce confusion and increase cognitive flexibility [143]. A similar study
in adults verified the efficiency in information processing and cognitive performance after
ingesting a drink rich in sugars, proteins, and fats. Authors found that after consumption
of the protein drink, working memory performance and episodic memory increased [144].
Carbohydrates, in addition to protein, also have an important role in information pro-
cessing and cognition. Compared to previous studies, when looking into non-memory
cognitive tasks, carbohydrates have been shown to improve cognitive abilities. A study
analyzing the consumption of a drink rich in glucose was found to increase verbal and
figural fluency. This may indicate that glucose may selectively enhance certain cognitive
functions. Indeed, an acute state of hypoglycemia in diabetic patients results in difficulties
in processing visual and auditory information [145]. However, within the consumption
of carbohydrates, the consumption of foods with a low glycemic index is recommended,
avoiding monosaccharides and refined foods [146]. This is due to the dysregulations and
metabolic alterations that it can produce, as mentioned above.

Regarding fats, excluding the aqueous part of the brain, this is composed of 60% of
long-chain omega fatty acids DHA and EPA, which are essential to the formation of gray
matter, the central nervous system, and cognitive performance [147]. Authors suggest that
supplementation with DHA over a 6-month period results in improved overall memory and
reaction times [148]. Similarly, when long-chain omega fatty acids are consumed during
pregnancy, improvements in children’s language development are seen [149]. Indeed, when
there is a DHA deficiency during periods of brain development such as early childhood,
plasticity and brain function can be impaired in adulthood. Researchers believe that
adequate levels of dietary DHA are crucial for building long-term neural resilience for
optimal brain performance [150].

Regarding nutrition, it is essential to carry out interventions and consider the family
environment as the main axis to modify behaviors and nutritional habits. In this sense,
education is a central pillar. Parents exhibit behaviors that children observe and follow.

7. The Impact of Physical Activity in Cognitive Development

Cognitive function is defined as mental processes that contribute to the improvement
of perception, memory, and intellect [151]. According to this, the literature considered
language, academic achievement, attention, working memory, and executive functioning as
measurements of cognition [152]. Childhood and adolescence represent a period of rapid
growth in which a correct cognitive development in this stages implies the appearance and
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improvement of cognitive abilities within multiple domains [153]. In this line, physical
activity has been postulated as a determining factor in cognitive and neural development
among children [154]. Thus, greater short- and long-term cognitive development has been
correlated in children with higher levels of physical activity [152]. Moreover, this fact has
been shown to improve cognitive functioning and academic achievement in school-aged
children [155] by improving executive functions and during-tasks behaviors [156]. Thus,
no evidence exists that increased time of physical activity in school has an adverse effect on
this parameter [157]. In addition, physical activity alters neurogenesis and angiogenesis,
improves central nervous system metabolism [158], and increases the availability of brain-
derived neurotrophic factors (BDNF), insulin-like growth factor-1 (IGF-1), and vascular
endothelial growth factor (VEGF) [159].

Despite this, the influence of physical activity on cognitive development in childhood
is not well understood [160], and certain types of physical activity, such as aerobic exer-
cise, may improve cognitive functioning due to physiological changes produced in the
brain [161]. However, studies assessing the association between physical and cognitive
functions in preschool stage (<6 years old) are limited [162]. Mavilidi et al. [163] showed
that 6 weeks of integrated physical activity conditions including task-relevant physical
activities and nonintegrated physical activity conditions involving task-irrelevant physical
activities improved cognitive outcomes in comparison to conventional sedentary style of
teaching. Despite this, two systematic reviews [153] concluded that evidence to support a
positive effect of physical activity on cognition during early childhood is low due to weak
experimental quality and a high risk of reporting bias using PRISMA guidelines [164].

In relation to preadolescence (6 to 13 years old), strong evidence for an effect of physi-
cal activity on cognitive outcomes in children has been well established [165]. Fisher et al.
reported significant increases in aspects of cognition and executive functioning in children
(6 years old) who underwent a 10-month intervention consisting of 2 h per week of intense
aerobic physical education compared to children exposed to standard physical educa-
tion. In accordance [166], it was shown that there was a more significant improvement
on simple reaction and choice response times in 7- and 10-year-old boys after 30 min of
aerobic exercise on cycle ergometer than in the control group. In relation, Reed et al. [167]
reported that physical activity (30 min a day 3 days a week for 4 months) integrated
within the elementary school curriculum (8 to 9 years old) enhanced fluid intelligence
and certain academic achievement scores in comparison to the control group. The results
of these studies are reinforced by different systematic reviews and meta-analyses that
have reported significant benefits of physical activity in different cognitive outcomes [164].
Álvarez-Bueno et al. [168] concluded that physical activity interventions are useful strate-
gies to improve non-executive cognitive functions, core executive functions, and higher-
level executive functions. Moreover, de Greff et al. [169] reported a significant effect of
physical activity on executive functions, attention, and academic performance among
preadolescents. In accordance, Álvarez-Bueno et al. [170] showed that physical education
improves classroom behaviors and benefits several aspects of academic achievement. Addi-
tionally, physical activity performed during this stage can cause changes in brain structure
by increasing white matter compared to inactive subjects [171].

In adolescents, there has not been much high-quality evidence reporting that physical
activity has a positive effect on cognition [164]. Esteban-Cornejo et al. [172] reported that
70% of the studies included in their sample (a total of 20) observed a positive relationship
between physical activity and cognitive or academic results. According to academic
achievements, Spruit et al. [173] reported a significant effect of physical activity on this
parameter in his meta-analysis. However, the observed effect size was very small (Cohen’s
d = 0.367).

Moreover, physical activity during childhood can help develop motor skills [111],
which has been associated with cognition improvement [174]. Thus, Adamo et al. [175]
reported a significantly greater increase in locomotor skill scores in children (3 to 5 years-
old) who carried out a 6-month-long physical activity program compared to the control
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group. Laukkanen et al. [176] reported an improvement in motor skills after 12 months
of physical activity intervention in 6-year-old children. In contrast, it has been reported
that not doing physical exercise prevents the full development of motor skills in late
childhood [177]. In accordance with this, current lifestyles cause children to have very high
levels of sedentary habits, which can affect the development of motor and mental health
problems at this stage [178]. Therefore, physical activity programs should be promoted
during critical stages of growth and development such as childhood and adolescence to
achieve significant improvements in cognitive function.

8. The Impact of Nutrition in Cognitive Development

Nutrition or dietary factors are just as important as physical activity to cause improve-
ments at the cognitive level [179]. The overall well-being and nutritional development of
children are established during childhood, and are of special importance in the first 8 years
of life [180]. It has been suggested that there is rapid growth and development of the brain
from gestation to the first two years of life, which can be affected by a poor diet [181].
However, the relationship between nutrition and mental development is equally important
both in early life and in later life [182]. Due to cognitive development being influenced
by interactions between the brain and its environment [183], nutrition during early stages
of life has been considered one of the most important environmental factors influencing
cognitive performance and brain development. In this line, a longitudinal study reported
that diets rich in saturated fats and refined sugars (Western diet) can impede the correct
cognitive development and the obtaining of academic achievements [184]. Moreover, re-
search has focused attention on poor nutrient intake as another important factor that can
negatively affect cognitive development in children [160]. In this sense, it has been reported
that a deficiency in the intake of vitamin B12 can have negative implications on cognitive
development in children [185]. However, it is difficult to establish the importance of the
deficit of this type of nutrient on cognitive development since very few RCTs have been
carried out in children [181].

Based on dietary patterns, it is possible that a healthy diet based on fruits and veg-
etables, lean protein, and whole grains may promote cognitive abilities through changes
in cellular processes, neuroplasticity, or epigenetic mechanisms [160]. Florence et al. [186]
reported that lower fat and higher fruit and vegetable intakes were associated with bet-
ter academic achievements in in 5200 Canadian children (10 to 11 years-old). Moreover,
Gispert-Llaurado et al. [187] conducted an observational study and found a reduction in
problems related to attention and behavior in 586 European children (7 to 9 years old) who
consumed two fish meals per week. Following a healthy dietary pattern, the Mediterranean
diet is characterized by a high consumption of vegetables, legumes, cereals, fish, fruits,
and nuts, and a balanced consumption of eggs, milk, and meat [188]. Thus, following this
type of diet has reported numerous benefits on different cognitive and health parameters
in children. Haapala et al. [189] reported an improvement in reading skills in 161 Finnish
children (6 years-old) after a physical activity and dietary intervention. However, it is
possible that the power of these results is limited by the influence of other important
parameters that may influence the development of healthy dietary patterns in children and
that have not been controlled, such as socioeconomic status, gender, age, educational level,
level of physical activity, or the consumption of breakfast [160,190,191], among others.

Thus, Burrows et al. [192] established in their systematic review the notion that
breakfast consumption has become a positive predictor, and the consumption of fast
food and sugary drinks have become negative predictors of academic performance in
school-age children. In this line, Scientific evidence suggests that sugary drinks and sweet
snacks rich in refined carbohydrates are associated with cognitive dysfunction. However,
Bleiweiss-Sande et al. [193] reported that no significant relationships between healthy
and less healthy consumption patterns and cognitive measures can be assumed. In fact,
future research should focus on conducting RCTs in children to discover causality for the
improvement in cognitive abilities through diet. However, such research will need to
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control for other factors, such as those mentioned above, that may influence adherence to
healthy dietary patterns in children and adolescents.

9. Practical Statements

Present review has certain limitations. The variability in study design and measurement
tools is a fact that has limited study conclusions. However, after analyzing the information,
we can highlight the following practical applications summarized in these key points.

• Breastfeeding is the most important factor of nutrition in newborns because it enhances
immune system, nervous system development, and microbiota.

• Passive exercises are recommended for newborns since they foster correct growth,
especially among preterm newborns.

• There is weak evidence for cognitive benefits of physical activity in preschool children.
• Increased physical activity may provide motor and cognitive benefits across preado-

lescence.
• Aerobic exercise seems to be the most used type of activity to improve cognitive

processes in childhood and adolescence.
• There seems to be an association between diet in early childhood and cognitive

function.
• Poor dietary patterns are associated with increased brain dysfunction.

10. Conclusions

Physical activity and nutrition are the basic pillars of the correct development and
maturation of a child. Factors associated with development as a species such as breastfeed-
ing, the correct intake of micro and macronutrients, and the performance of both passive
and active physical activity will modulate the correct motor and cognitive development in
preschool age, childhood, and adolescence.
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