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Explaining how a childhood nutrition can influence the development of adult
bone cancer is an attractive review in some aspects of public health and
preventive medicine. Skeletal growth is primarily determined in formative
years and nutritional deficiencies during these years raises susceptibility to
bone malignancies in future. This systematic review is aimed at reviewing
how deficiencies in some of the macro- and micronutrients affect the bone
health in the long run as well as the risks of cancer. This systematic review
examines the link between childhood nutrition and later life bone cancers,
following PRISMA guidelines, utilizing databases like PubMed and Scopus,
and focusing on peer-reviewed studies from 2000-2023. Some of the
important nutrients include; protein, calcium and magnesium they are vital in
the development of bones as well as the strength of bones. Dietary protein
requirement in children affects bone mineralization and insulin-like growth
Factor | IGF-I. Calcium is necessary for the development of bones and teeth
and also phosphorus needed for DNA synthesis. Lack of these nutrients can
make the bones to become weak and acts as a stage where diseases such as
osteoporosis can be developed and this makes those affected to be at a higher
risk of getting bone cancers like osteosarcoma. Also, various deficiencies
including zinc, phosphorus, potassium and other vitamins and minerals affect
bone formation and remodelling. These risks increase probably due to the
increased intake of fast foods which have led to nutritional imbalances. Digital
public health literacy interventions for improving childhood nutrition education
and security have to be an all-inclusive program. Measures should also help
consumers meet their needs of other essential nutrients especially in the
interest-bearing regions. Proper childhood nutrition is essential for establishing
strong skeletal foundations, potentially reducing the risk of bone cancers in
later life. Ensuring adequate intake of vital nutrients during the formative years
can significantly contribute to lifelong bone health and lower the incidence
of bone malignancies. Childhood obesity and reduced fruit/vegetable intake
are increasing, and nutritional awareness is low even among literates. Public
awareness campaigns targeting students about proper nutrition and its role
in preventing bone cancer are needed to address health issues and to better
long-term outcomes.
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INTRODUCTION

Understanding the link between childhood nutrition and
the development of adult bone cancers presents a compelling
narrative in the realm of public health and preventive medicine.
It is well-established that the formative years are crucial for
skeletal development, with nutritional deficits during this period
potentially setting the stage for a host of long-term health
complications, including susceptibility to bone malignancies in
adulthood. This relationship is substantiated by various studies
suggesting that deficiencies in essential macronutrients and
micronutrients during critical growth phases can severely impact
skeletal health, consequently increasing cancer risk later in life [1].

The developmental stage of childhood is marked by rapid growth
and the need for a sustained supply of nutrients. Protein, a
vital macronutrient, plays an instrumental role in this process.
Adequate protein intake during childhood is essential for
building and maintaining bone density and integrity [2]. Protein
not only serves as a cornerstone for muscle development but is
also integral to skeletal health. Lack of sufficient protein has been
associated with conditions like osteoporosis, where diminished
bone density heightens the risk of fractures. These fractures and
bone vulnerabilities may predispose individuals to bone cancers,
considering that weakened bone structures create a permissive
environment for malignancies.

There is a pronounced increase in the incidence of childhood
obesity with its disastrous consequences and a decrease in the
incidence of fruit and vegetable intake among college students.
The concept of intermittent fasting and health is slowly vanishing
among children. There should be a thrust for intake of different
types of fruits with mineral content like Sitaphal and specific
banana types in children. There is a lack of awareness even among
literates about nutrition and health [3-11]. A public awareness
among students about nutrient intake and bone cancer is the
order of the day.

LITERATURE REVIEW

The purpose of this systematic review will therefore be to analyse
the link between childhood nutrition status and bone cancers
in later life. The method used in the study complied with
the PRISMA statement or the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA).
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Searches

The following international electronic databases were accessed
for the identification of papers for the current study: PubMed,
Scopus, Web of Science, and Google Scholar. These terms included
Childhood nutrition, Bone health, Bone cancer, Osteosarcoma,
The
search was restricted to articles that were published in English in
the period between January 2000, and December 2023.

Micronutrients, Macronutrients, vitamins, and minerals.

Inclusion criteria
Study type:

Original research articles which have undergone peer review,
cohort, case control and systematic reviews.

Population:

Research which directly concerns human subjects, or samples.
Paediatric nature:

Children and adolescents up to 18 years old.

Exposure:

Protein, fat, carb and their ratio and vitamins and minerals which

a child should take on daily basis.
Outcome:

Information on life-style, diet and resources for bone health
effects such as density, osteoporosis and the number of diagnosed
bone cancer cases in adulthood.

Quality:

A comprehensive reporting of statistical data, the minimisation of
confounding factors and the reporting of methods in detail.

Exclusion criteria
Non-peer-reviewed articles:

Publications which are not published in scholarly journals and
books include theses, conference abstracts, and reports.

Lack of specificity:

Excluded were those papers which did not address the relationship
between childhood diet and/or nutrition and bone health or
more to cancer.

Language:
Some of the articles are not in English language.
Publication date:

Test: Scholarly articles or journals published and before the year
2000.

Data extraction and analysis

Studies were selected according to the aims of the research with
regard to study type, participants, nutritional status, bone health
status and cancer incidence and mortality. The quality of the
studies was evaluated based on criteria that were developed in the
context of Cochrane Collaboration where necessary meta-analysis
was conducted as a form of analysis utilising the random-effect
model due to the observed heterogeneity (Figure 1).
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Fig. 1. Showing the PRISMA statement

By limiting the search through proper parameters of inclusion
and exclusion this review addresses the objective of incorporating
sound evidence of the effects that childhood nutrition can have on
bone health and risks of cancer in the long-run. Prospero registra-
tion number: CRD42024578588.

Protein and bone health: Unveiling the
connec-tion

Thus, the associations between proteins and bone health have most
likely been mediated by IGF-I. IGF-I plays an important part in
the formation of bones and also has a role in their development
and its synthesis is highly responsive to protein consumption. In
a study, Ghosh (2020) has clearly indicated that restricted protein
intake is associated with reduced IGF-I secretion [12]. The pres-
ent study demonstrated that the absence of this cytokine could
hypothetically delay bone construction and decrease bone mass
and density to substandard range. Besides its role in the skeletal



outcome, IGF-T s also involved in cell growth and differentiation;
lack of it may contribute to uncontrolled cell growth a pathway to
cancer progression.

Animal studies also residing a significant amount of evidence to
the above findings. Protein restriction has also demonstrated in
animal models to result in a substantial decrease in bone size and
mass. For instance, research on rats have shown that low protein
diets rendered rats with poor bone structures and poor IGF-I lev-
els indicating the effect of early life protein nutrition on the health
of our bones [2]. These insights on experimental animals can help
in extrapolation of the findings to human beings to underscore the
benefits or otherwise of interventions such as diet changes that
would reduce the risk of cancer.

For the micronutrients and bone cancer risk study, so that the re-
sults for each study may be at times That is why the results for each
study may at times be conflicting Due to the differences in the de-
sign of the studies, the varying risk of biases, and the differences
in outcomes, contradictions may arise on the micronutrient and
bone cancer risk. Besides macronutrients, micronutrients that are
essential in bone health are also important in this regard ionized
calcium is crucial in bones development. Calcium and vitamin D
for instance are vital in the bone mineralisation process. Calcium
is important for bone structure and vitamin D increases the body’s
capacity to absorb and assimilate calcium. Lack of the nutrients
in childhood leads to conditions such as rickets or osteomalacia;
diseases that cause bones to become soft and more likely to frac-
ture. It can thus trigger chronic impairments in bone homeostasis
and remodelling and thereby increase the risk of osteosarcoma and
other primary bone malignancies [13].

Moreover, phosphorus, magnesium and vitamin K can be said to
be supportive to bone health in some way. Phosphorus is critical
for the creation of bone mineral matrix; magnesium is implicated
in the development of the structural aspect of bones and vitamin
K is needed in the synthesis of osteocalcin which is a protein that
plays a role in bone formation. Lack of any of these nutrients that
means an imbalance in the process of bone formation and remod-
elling increases vulnerability to skeletal illnesses as well as possible
carcinogenic disease.

Malnutrition and skeletal consequences during childhood is capa-
ble of exerting severe and irreversible effects on skeletal status. The
association between nutrients consumed during early childhood
and development of bone cancer in later life is complex and em-
ploys both, direct and indirect mechanisms. Directly, inadequacy
of nutrient puts asunder the structural and functional property
of bones as I have already explained. Although undernutrition
is causatively linked to infections, it is also linked to obesity and
metabolic syndrome that independently are risk factors to cancer.
For example, obesity is associated with swelling of tissues, which
is a well-known factor that fosters cancer. Over-nutrition by a
‘rebound’ effect after under nutrition (termed ‘the thrifty pheno-
type’) negates any advantage that may have been gained; indeed,
such children are at special risk of developing imbalances associ-
ated with inflammation. The subject under discussion is chronic
inflammation in the bone microenvironment that enhances the
possibility of malignant transformations to occur. Neither experi-
mental nor clinical studies of animals and children support the
hypothesis that adequate nutrition in childhood is irrelevant for
lifelong skeletal health. Besides, they mean not only the direct im-
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provement of the quality of vital indicators but also the prevention
of chronic diseases and malignant tumours in later childhood.

Calcium and bone cancers

The relationship between faulty calcium intake in childhood
and the development of adult bone cancers is an emerging area
of concern. Calcium is an essential mineral for bone growth and
development, playing a critical role in bone mineralization and
structural integrity. During childhood, when bones are rapidly
growing, adequate calcium intake is vital to ensure the formation
of a robust skeletal framework. Inadequate calcium intake during
these formative years can result in poor bone density and structur-
al deficiencies, setting the stage for long-term skeletal problems.

One of the primary consequences of insufficient calcium intake
during childhood is the development of conditions such as rickets
and osteomalacia, which are characterized by weakened and soft-
ened bones. These conditions not only increase the likelihood of
fractures but also compromise the overall health of the bone mi-
croenvironment. A fragile and structurally unsound bone frame-
work can create a predisposition to various bone pathologies, in-
cluding osteoporosis, which is a known risk factor for certain bone
cancers like osteosarcoma later in life.

Moreover, calcium plays a role in cellular signalling and the regula-
tion of various cellular functions. Disruptions in calcium homeo-
stasis can lead to abnormal cell proliferation and differentiation,
which are critical processes in the development of cancer. Defi-
cient calcium intake during critical growth periods can thus have
lasting impacts on bone health and increase the susceptibility to
malignant transformations within the bone tissue.

Magnesium and bone cancers

Magnesium deficiency in childhood can have far-reaching effects
on overall bone health and potentially increase the risk of adult
bone cancers. Magnesium plays a crucial role in bone structure,
as it is involved in bone mineralization and the activation of vita-
min D, which aids in calcium absorption. Inadequate magnesium
levels during the crucial growth periods of childhood can lead to
compromised bone density and structural integrity, heightening

the risk of skeletal disorders [14].

Chronically low magnesium levels can result in weakened bones
and increased susceptibility to conditions like osteoporosis. This
weakened bone structure creates a vulnerable environment, poten-
tially facilitating the onset of malignancies such as osteosarcoma
in adulthood. Moreover, magnesium is vital for DNA repair and
cellular functions; deficiencies may lead to improper cell division
and genetic mutations, which are precursors to cancer develop-
ment [15, 16].

Addressing magnesium deficiencies through dietary interventions
during childhood is essential to ensure robust skeletal health and
lower the risk of bone-related diseases, including cancer, later in
life. Public health initiatives should prioritize magnesium-rich nu-
trition to safeguard long-term health.

The consumption of fast-food during childhood is an increasingly
pertinent public health issue, particularly in its potential to con-
tribute to the development of adult bone cancers. Fast food diets
are typically high in calories, unhealthy fats, sugar, and sodium,
but low in essential nutrients such as calcium, magnesium, and vi-
tamin D, which are crucial for bone health. Consistent indulgence
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in these nutrient-poor dietary choices can lead to nutritional de-
ficiencies that have long-lasting impacts on bone structure and
strength.

The high-fat, high-sugar content of fast foods can contribute to
obesity and metabolic syndrome in children, conditions that are
associated with chronic inflammation. Chronic inflammation is
a well-known facilitator of cancer development, including bone
cancers such as osteosarcoma. Moreover, obesity from a young age
increases the levels of various growth factors and hormones, such
as insulin-like growth factor (IGF-1), which may promote the
proliferation of malignant cells in bone tissues.

Zinc deficiency and bone cancers
Immune system role:

It is also needed for immune system maintenance, and if the im-
mune system is weakened by a lack of Zinc, then, in theory at least,
the body will be less capable of preventing early cancerous changes.

Oxidative stress and DNA damage
Zinc contributes positively in the following area:

Antioxidant where it assists in the protection of cells, DNA dam-
age, all of which are linked to cancer. It might have hypothetically
played a role in chronic deficiency which could lead to an environ-
ment that is conductive to cancer formation.

Bone health:

Zinc has some impact on bone formation and remodelling, which
may have multi-parameters and indirect way and thus affect bone
cancer occurrence. One should note that the normal adult bone
tissue is in general less prone to become cancerous.

Research needs:

While many of the current scientific writings regarding zinc stress-
es the significance of this element to human health, the matter of
lack of zinc in childhood and certain types of cancers in later years
is not boldly connected [17, 18]. Unfortunately, there was no
study undertaken, which would let making a direct link between
two variables more stringent and based on further longitudinal or
mechanistic investigations.

Polyunsaturated fatty acids:

Omega 3 fatty acids and omega 6 fatty acid are PUFAs that are
involved in growth, immune response and regulation of inflamma-
tion. Moderation of these fatty acids has positive effects of human
health, incorporating bone health for instance, by minimizing
inflammation and encouraging proper performance of body cells
[19]. Nevertheless, clear data towards childhood PUFA effects as
a determinant in the risk of bone cancers in adulthood are scarce.

Phosphorous and potassium
Bone environment:

Bone remodelling ceased to be a mere bone process isolated from
the rest of the body since it was evident that a healthy bone micro-
environment would be a solution to pathological changes includ-
ing cancers.

Indirect links:

Lack of direct epidemiologic data linking these minerals to adult

bone cancers might perhaps be expected; however, deficiencies
could in theory play a part in promotion of bone diseases, includ-
ing cancer, by diminishing the strength of bone tissue and cellular
functions [20, 21].

A study has shown that abnormal Osteocalcin synthesis in child-
hood due to vitamin deficiencies has an irreversible effect on skel-
etal health in the later years and may cause predisposition to bone
cancers in the adulthood. Essential vitamins such as D, C, and K
play crucial roles in bone development and maintenance: Essential
vitamins such as D, C, and K play crucial roles in bone develop-
ment and maintenance:

Vitamin D:

Especially very important for calcium absorption and bone forma-
tion. This can cause rickets in children and gives rise to osteomala-
cia in adults, conditions which makes bones weaker than normal
and may also put the bearer at risk of developing forms of cancer
inclusive of osteosarcoma.

Vitamin C:

Strengthening mineral for bones that acts as an auxiliary for col-
lagen which is required for the formation of tendons and cartilage.
A deficiency might affect the structural and reparative capacity of
bones, and might foster the background for cancerous changes.

Vitamin K:

Required for the formation of osteocalcin which is a protein used
in the formation of bones. Vitamin K deficiency also reduce the
mineralisation of bones causing bone fractures or possibly bone
cancer [22-25].

Others:

Iodine, chromium, copper, fluoride, molybdenum, manganese,
and selenium are few nutrients which are mandatory for their an-
tioxidant effect but it can in no way be said these are connected to
bone cancer risks [26].

Benign bone tumours and childhood nutrition

Childhood malnutrition is associated with the occurrence of
benign bone tumours including Osteochondroma and Enchon-
droma. The amount of research currently available on this subject
is meagre but increasing [27]. Calcium, vitamin D and protein
have been reported to be important in skeletal development and
their deficiency may lead to bone disorders in the future. Recent
research also indicates that the absence of adequate nutrients at
certain stages of development may act as an antecedent to many
forms of skeletal disorders including benign tumours.

Nutritional interventions and public health
impli-cations

Considering the overwhelming epidemiological relationship be-
tween food consumed during childhood and bone health and
cancer in the future adults, early nutritional modification clients
is crucial. These can be in the framework of other measures for
the prevention and control of bone cancer and similar diseases at
population level. Offering children a range of foods containing all
needed macronutrients and micronutrients for the formation of
qualified skeleton and other needs is very critical.

Problems of childhood nutrition cannot be solved through iso-



lated educational, food and health-related programs only. Com-
munal places of study such as schools and community centres are
ideal for nutritional and health talks to children and their caretak-
ers. School feeding programmes should ensure that they provide
sufficient portions of proteins, calcium, and other nutrients.

Socio-economic factors also need to be tackled through other
polices in the promotion of public health since they are causes of
malnutrition. Unfortunately, the profiling identified shows that
the nutrient-rich foods are out of reach for low-income earners to
afford, hence emissions end up consuming calorie-dense nutrient-
scarce foods. Strategies for popularizing healthy foods, for the pro-
motion of foods in poor areas, and for the supplementation of the
diet of high-risk families are useful in reducing these differences.

Health care provider system also has a crucial responsibility of
carly nutrition interventions. The paediatric check-ups should in-
volve nutrition counselling and talk over, to ensure that the chil-
dren are on the right nutritional track. In case the child exhibits
signs of malnutrition then other actions can be taken with recom-
mendations to nutritionist or dietician.

Besides, more health education together with the awareness cam-
paigns focusing on effects of appropriate diet for children in the
long-run can foster participation of the community in nutritional
programs [28, 29]. They should also remove the cultural and soci-
etal aspect that fosters ill-health though diet, and instead encour-
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age the belief that, investing on children’s health is investing in
future health.

CONCLUSION

There is a definite decrease in the intake of nutritious diet among
children with a significant increase in the intake of fast food. The
calorie density and nutrient distribution during childhood makes
it difficult to understand why the disease does not strike in child-
hood but only in the adult ages, more interesting is the fact that
the nutritional type we give to children has a direct link to bone
cancer illnesses. Proper intake of proteins, minerals and vitamins
during childhood does not only help in proper bone tissue forma-
tion but has numerous and far-reaching benefits to the children’s
bone health. Hence, by effectively containing childhood malnu-
trition through interrelated public health approaches, believe, we
can set much stronger bones, lessen the toll of bone cancers and
ultimately achieve total health throughout one’s lifetime. The im-
provements to these indices require a collective approach by fami-
lies, communities, healthcare providers and policymakers in order
to ensure that all children, starting from whatever background
they came from, have a fair chance of growing into healthy adults
who would not be in the news for any diseases arising from mal-
nutrition.
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