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Abstract

Nutritional status plays a vital role in the growth of children. In pediatric patients, disease-related malnutrition is a dynamic and multifac-
torial process supported by several factors such as inflammation, increased energy expenditure, decreased intake or reduced utilization of
nutrients. In pediatric patients with malignancies, sarcopenia may coexist with malnutrition, amplifying its negative impact on prognosis.
Careful monitoring of nutritional status both at diagnosis and during chemotherapy treatment allows early detection of the risk and/or
presence of malnutrition. A rapid and personalized nutritional intervention can improve adherence to treatment, reduce complications
and improve the patients’ quality of life.
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1. Malnutrition and sarcopenia in pediatric
oncology patients

In 2013, the Academy of Nutrition and Dietetics and
American Society of Parental and Enteral Nutrition (AS-
PEN) defined pediatric malnutrition as an imbalance in nu-
trient requirements and intake that causes adverse effects
on growth, neurocognitive and body functions, and other
relevant clinical outcomes [1]. Malnutrition has long been
described in pediatric populations with a high prevalence
in children with chronic diseases [2]. The pathogenesis of
malnutrition in children with cancer is related to increased
energy needs and losses, but also to decreased micro- and
macronutrient intake [3–5].

Pro-inflammatory cytokines (TNF-, IL-1, IL-6, IFN-
) released from the tumor can increase the metabolic
and catabolic rate, resulting in mobilization and oxidation
of energy substrates and protein loss [6–8]. Similarly,
chemotherapy not only increases inflammation due to cy-
tokine secretion, but also common gastrointestinal distur-
bances due to chemotherapy toxicity (e.g., vomiting, diar-
rhea, malabsorption, mucosal damage, gastrointestinal in-
fections) may lead to increased energy losses. In addition,
chemotherapy drugs can produce changes in taste, loss of
appetite, nausea, and/or vomiting, resulting in reduced nu-
trient intake [9–12]. All these processes lead to neoplastic
cachexia, a complex metabolic syndrome characterized by
a continuous loss of skeletal muscle mass (with or with-
out loss of fat mass). These processes cannot be com-
pletely reversed by conventional nutritional support, lead-
ing to progressive functional impairment, with weight loss
or inadequate weight gain, anorexia, muscle atrophy, fa-

tigue, and abnormal biochemical parameters (low serum al-
bumin, anemia, increased inflammatory markers) [13–15].

Unlike malnutrition, sarcopenia is a new term in the
pediatric literature. Sarcopenia has been characterized in
adults as a component of malnutrition, described by loss of
skeletal muscle mass (SMM) and reduced muscle strength
or physical performance [16].

However, in pediatrics, sarcopenia has only recently
been identified in the context of reduced SMM. Sarcope-
nia is a pathological condition, characterized by a progres-
sive and generalized reduction in the quantity, quality and
strength of muscle mass, more or less associated with re-
duced physical performance. It is a major cause of physical
disability, poor quality of life, loss of self-sufficiency and
death [17]. This condition is typically associated with ag-
ing, as muscle mass after the first fifty years declines by
approximately 0.5–1% per year in females and males, re-
spectively [17].

However, there are pathological conditions of sys-
temic inflammation (chronic inflammatory diseases, en-
docrine diseases, cancer) that determine its occurrence even
at a young age, as an effect of the catabolic state of skeletal
muscle damage generated by inflammatory cytokines [18].

In pediatric patients with neoplasms, sarcopenia may
co-occur in the context of malnutrition, amplifying its neg-
ative impact on patient prognosis [19–21]. Malnutrition-
sarcopenia syndrome, which is the co-occurrence of two
clinical conditions, has been reported in the adult literature
with considerable overlap in outcomes and adverse inter-
ventions [22–24].
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Similarities between the definitions of sarcopenia and
malnutrition include overlapping principles related to lean
mass depletion, alterations in muscle function, and subopti-
mal nutrient intake leading to nutritional deficiencies, fine
motor development, and cognition.

There are several mechanisms that may be involved in
the onset and progression of sarcopenia. Thesemechanisms
involve protein synthesis, proteolysis, neuromuscular in-
tegrity, and muscle fat content, among others. Recogniz-
ing these mechanisms and their underlying causes should
facilitate the design of intervention trials targeting one or
more of the underlying mechanisms. In some individuals, a
clear, single cause of sarcopenia can be identified. In other
cases, no obvious cause can be isolated. Therefore, the cate-
gories of primary sarcopenia and secondary sarcopenia may
be useful in clinical practice. Sarcopenia may be consid-
ered “primary” (or age-related) when no cause other than
aging itself is evident, whereas sarcopenia may be consid-
ered “secondary” when one or more other causes are evi-
dent. In many older people, the aetiology of sarcopenia is
multifactorial, so it may not be possible to characterize ev-
ery individual as having a primary or secondary condition
[17].

The EuropeanWorking Group on Sarcopenia in Older
People (EWGSOP) suggests the distinction between “pre-
sarcopenia”, “sarcopenia” and “severe sarcopenia”. The
“presarcopenia” phase is characterized by low muscle mass
without impact onmuscle strength or physical performance.
This phase can only be identified by techniques that mea-
sure muscle mass accurately and with reference to standard
populations. The “sarcopenia” stage is characterized by low
muscle mass in addition to low muscle strength or physical
performance. “Severe sarcopenia” is the stage identified
when all three criteria of the definition are met (low muscle
mass, low muscle strength, and low physical performance).
Recognizing the stages of sarcopenia can aid in selecting
treatments and setting appropriate recovery goals [17].

EWGSOP2 recently identifies the subcategories of
sarcopenia as acute and chronic. Sarcopenia that has lasted
less than 6 months is considered an acute condition, while
sarcopenia that lasts≥6months is considered a chronic con-
dition. Acute sarcopenia is usually related to an acute dis-
ease or injury, whereas chronic sarcopenia is likely to be
associated with chronic and progressive conditions and in-
creases the risk of mortality. This distinction is intended to
emphasize the need to conduct periodic assessments of sar-
copenia in individuals who may be at risk for sarcopenia in
order to determine how quickly the condition is developing
or worsening. Such observations are expected to facilitate
early intervention with treatments that may help prevent or
delay the progression of sarcopenia and its consequences
[17].

Malnutrition may adversely affect overall survival be-
cause it may reduce tolerance to chemotherapy, increase
treatment-related mortality, and decrease disease-free sur-

vival [25–29]. In addition, it may reduce the tolerated and
absorbed dose of chemotherapeutics, resulting in reduced
response to treatment [30–33].

Disease-related malnutrition has been associated with
decreased immunity and increased risk of infection and
febrile neutropenia (FN) due to hormonal changes and im-
paired cytokine response. When a patient has febrile neu-
tropenia, it is mandatory to hospitalize the patient to per-
form intravenous antibiotic therapy. As a result, the num-
ber of hospitalizations in malnourished children and adoles-
cents with cancer become significantly higher, producing
increased costs and worsening quality of life (QoL) [34].

In hospitalized children, early and appropriate nutri-
tional intervention is helpful in preventing stunting, pro-
moting therapeutic tolerance, improving quality of life, and
reducing the length of hospital stay [35,36]. ESPEN and
the European Society for Pediatric Gastroenterology, Hep-
atology and Nutrition (ESPGHAN) recommend nutritional
risk screening at the time of hospital admission to aid in
the identification of at-risk children and allow implemen-
tation of an appropriate supportive nutrition plan [37]. Al-
though several pediatric nutritional risk scores are reported
in the literature, there is no consensus on an “ideal” screen-
ing tool and, often, nutritional screening is still not widely
performed [38].

By definition, a nutritional screening tool should not
be time-consuming, should be simple to perform in daily
practice, easily understandable, sensitive and specific, and
applicable and reliable for a broad group of diseases [39].

To date, seven main screening tools for nutritional risk
are available for children: Nutrition Risk Score (NRS), Pe-
diatric Nutrition Risk Score (PNRS), Subjective Global Nu-
tritional Assessment (SGNA), Screening Tool for the As-
sessment ofMalnutrition in Pediatrics (STAMP), Paediatric
Yorkhill Malnutrition Score (PYMS), Screening Tool for
Risk on Nutritional status and Growth (STRONGkids), and
Paediatric Nutrition Screening Tool (PNST) [36,40,41]. In
2015, Huysentruyt et al. [42] performed a meta-analysis
including 11 studies that included at least one score among
PNRS, STAMP, PYMS, and STRONGkids. The authors
concluded that there is no single screening means that is
preferable to others because each should be used in a spe-
cific setting. For example, STRONGkids is the best op-
tion in all age groups as a rapid screening means, PYMS or
STAMP may be preferred if anthropometric measurements
are needed at the time of hospital admission.

After the nutritional risk assessment, which is neces-
sary for all hospitalized patients, a percentage of patients
may be at risk of malnutrition. In this case, a specific nutri-
tional assessment is mandatory. An accurate medical and
dietary history must be collected. The anamnesis should
include the evaluation of the growth curve, the possible on-
set of puberty and psychomotor development with feeding
capacity. Any prior acute and chronic illnesses, hospitaliza-
tions, and surgical procedures should be sought, with spe-
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cial attention to nutrition-related diseases. It is important
to establish the duration of the current illness, documenting
motor and swallowing abilities, gastrointestinal symptoms,
weight changes. The use of certain medications, which
may cause nutritional deficiency, the use of vitamins, min-
erals, herbal products and supplements should be reported
for possible drug interactions. The number of meals, eating
habits, food allergies and intolerances, are assessed retro-
spectively (24h dietary recall) or prospectively (nutritional
diary, usually 3 to 7 days) [43].

In addition, the Food Frequency Questionnaire (FFQ)
gives more information on eating habits allowing to eval-
uate a possible correlation between diet and pathological
condition of the child.

The objective examination evaluates the patient’s gen-
eral condition and investigates the presence of signs of
specific nutritional deficiencies. In particular, abnormal
findings in the examination of hair, eyes, lips and mouth,
tongue, teeth, skin, nails, are usually related to specific
micronutrient deficiencies (e.g., zinc, iron, essential fatty
acids, selenium, magnesium, vitamin A, vitamin C, B12,
folate). Inspection may reveal protein malnutrition by the
presence of limb edema, distended abdomen, and muscle
atrophy.

Laboratory data play a complementary role in assess-
ing nutritional status, although no single laboratory test
can provide a complete assessment of nutritional status.
Disease-related malnutrition is often associated with an in-
flammatory state that promotes a catabolic effect on free
fat body mass and muscle protein. The presence of inflam-
mation should be identified because it can decrease the ef-
fectiveness of nutritional intervention. Acute phase pro-
teins (C-reactive protein, fibrinogen, haptoglobin, cerulo-
plasmin, ferritin, and alpha-1-antitrypsin) have high levels
during the acute inflammation or catabolic state; in con-
trast, albumin, prealbumin, retinol-binding protein (RBP),
and transferrin are decreased in these cases [44].

Fig. 1 summarizes the pathogenetic mechanisms of
sarcopenia in children with cancerresume.

2. Anthropometric variables
Weight is a measure of overall nutritional status, but

can be influenced by many variables such as age, gender,
daily intake, and hydration status. Patients over 2 years of
age and able to stand should be weighed on a platform scale
with moving weights or digital scale. For patients unable to
stand, bed scales or wheelchair scales are used. Children
under two years of age should be weighed in the supine
position in a scale, ensuring that the weight is distributed
equally on each side of the center of the scale.

Stature (length, height or alternative measures) is a
very important measure for observing long-term nutritional
status. For children under 2 years of age, length is obtained
using a supine infantometer. For children over 2 years of
age, an upright stadiometer is used, if possible fixed to the

wall.
Head circumference can be obtained in children up

to 36 months of age, using a flexible tape measure placed
around the head. Head circumference should be considered
an index of brain development and nutritional status.

Weight-for-height can be used as an evaluation pa-
rameter in children who are less than 2 years old; it cor-
responds to the BMI used in patients over 2 years old. BMI
is calculated using the following formula BMI = Weight
(kg)/Height (m2). Given the variability in sex and age, sev-
eral specific BMI values are available for children [45].

In paediatric age, BMI can be used to identify a condi-
tion of overweight or obesity. Although the World Health
Organization (WHO) has validated the use of BMI also to
assess thinness in adolescence, it is not used to identify an
underweight condition in children: in fact, in children, un-
derweight is expressed as “lowweight for age”. In addition,
BMI should not be used as the sole indicator of nutritional
status in childrenwith clinical conditions because BMI does
not consider differences in body composition.

Mid-Upper-Arm-Circumference (MUAC) is a simple
measurement taken from a flexible tape placed perpendic-
ular to the long axis of the arm, which is flexed at 90◦. The
midpoint of the upper arm midway between the acromion
and olecranon is measured and marked. MUAC is a better
indicator of body composition than BMI in patients with
edema because it is not affected by hydration status.

The thickness of the triceps skin fold is measured by
grasping the skin and subcutaneous adipose tissue between
the thumb and forefinger above the point already identified
for MUAC. This is a parameter that is often used for re-
search, but can also be useful in identifying deposits of body
fat in the patient.

The handgrip test is a force measurement performed
using a handheld dynamometer, which is a non-invasive,
low-cost tool for measuring functional muscle status. Using
the dynamometer, the patient performs a sequence of move-
ments that mimics the maximum strength of the hand and
forearm muscles. Nutritional changes affect muscle func-
tion sooner than muscle mass, so grip strength can help de-
tect the presence of malnutrition in children. Age and sex
percentiles express the position of a child’s measurement
(weight, length or height, weight-for-length or BMI) on a
standard bell-shaped reference curve derived from popula-
tion data. A percentile indicates the percentage of the pop-
ulation that remains above or below that measured in the
child, helping to compare the child’s position with a pop-
ulation of other children similar in age and sex. However,
according toWHO statements, percentiles do not accurately
indicate the patient’s actual degree of deviation from popu-
lation standards; instead, the use of Z-scoreswould be better
for expressing anthropometric measures [1].

Z-scores are more sensitive than percentiles because
they express in standard deviation (SD) how far the child
is from the mean by comparing individual anthropometric
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Fig. 1. Pathogenesis of sarcopenia by the tumor. Cancer cells produce TNF-alfa, IFN-gamma, IL-1, IL-6 causing a chronic inflamma-
tory state which in turn determines fat depletion, liver metabolism changes, muscle wasting with the appereance of weight and skeletal
muscle loss.

measurement with data from the reference age groups.The
source of material used and relevant ethical framework for
all experiments should be clearly identified (ethics approval
and/or written informed consent). Methods already pub-
lished should be indicated by a reference: only relevant
modifications should be described. This implies that a full
description of all the experiments described in Results and
presented in the Figures/Tables is expected in this section.
For each experiment, all steps need to be mentioned, along
with instruments the analyses were performed on, reagents
and methods to permit the replication of the work by oth-
ers. We would encourage authors to submitting a detailed
Bio-protocol.

3. Body composition methods
There are a number of techniques for routine deter-

mination of coporeal composition, e.g., Total Body Potas-
sium Counting (TBK), Dual-energy X-ray absorptiometry
(DXA), Bio impedance (BIA). Although these reference
methods are routinely used, each has inherent practical lim-
itations [46].

Dual-energy X-ray Absorptiometry (DXA) is a non-
invasive method that can be applied to patients of all ages to
measure the composition of body regions. It is a rapid, low-
cost technique that involves low radiation exposure [47].

Bio impedance analysis (BIA) is another safe, non-
invasive and easily implemented method used for indirect
determination of body composition. It is based on the prin-

ciple that the conduction of an alternating electric current
in a body can find a resistance to passage (impedance) in-
versely proportional to the content of water and electrolytes.
Free-fat mass (made up of well-hydrated cells) has a rela-
tively slow impedance, while Fat mass (low in water and
electrolytes) opposes a high impedance. Bones, air (in the
lungs) and parenchymal organs are not considered good
conductors and are not taken into account. The impedance
(Z) to the passage of current through the body consists of
two components: resistance (R) and reactance (Xc). R is es-
sentially dependent on extracellular water (ECW) and FM.
Xc is an indirect measure of the body’s cell mass: it is
the quality of healthy cell membranes to take an electrical
charge and release it at a later time.

4. Analysis of sarcopenia
Early detection of sarcopenic status may allow for the

timely application of appropriate and tailored nutritional in-
terventions to correct it. There are several ways to assess
muscle mass and possible sarcopenia status in clinical prac-
tice [48,49].

Weight, body mass index, mid-arm circumference,
and skinfold thickness of the triceps are anthropometric val-
ues that are easily influenced by the disease state or con-
comitant therapies and do not provide a precise assessment
of body composition [50].

In contrast, bone densitometry (DXA), bioelectrical
impedance analysis (BIA), and air displacement plethys-

4

https://www.imrpress.com


mography (ADP) are reliable body composition analysis
techniques, but they require dedicated personnel and equip-
ment, thus limiting their wider use [51,52].

Imaging modalities (CT and MRI) are the gold stan-
dard in quantifying SMM in adults [16]. High radiation ex-
posure is the main disadvantage of the routine use of CT for
the assessment of sarcopenia in pediatric populations. Al-
though MRI is radiation-free, it is more expensive than CT,
which may limit its use in serial measurements [53].

In childrenwith chronic diseases, imaging is often per-
formed as part of their routine clinical care, making it pos-
sible to assess SMM without additional cost and radiation
exposure. A recent study in adults demonstrated that total
body fluid status can influence the determination of SMM
derived from cross-sectional CT/MRI [51,54]. This may be
applicable to pediatric clinical populations that are prone to
altered total body fluid status and thus warrant further study.

An important consideration in the assessment of body
composition in pediatrics includes careful evaluation of
overall growth, which may affect the assessment of sar-
copenia in children. While female and male children may
have comparable fat mass and lean mass during early child-
hood, important changes in relative SMM and fat mass oc-
cur during the pubertal growth phase. During puberty, it
has been reported that females gain more fat mass, whereas
males have a greater increase in lean mass triggered by en-
docrine factors, particularly growth hormones and sex hor-
mones (oestrogen, testosterone) [55].

Currently, there is no gold standard tool for assess-
ing motor function impairment in infants evaluated for sar-
copenia [56]. It is difficult to assess muscle function in
a standardized manner with infants, as their motor perfor-
mance is determined by a variety of factors, including the
development of postural control, coordination, core stabil-
ity, and ability to perform focused, isolated movements. In
addition, the presence of disease may also limit the abil-
ity to perform specific muscle tests. Within the emerging
literature on sarcopenia in children, motor function assess-
ments have not yet been applied to the assessment of sar-
copenia in early childhood. In older children (school-aged
children/adolescents), the handgrip test and the 6-minute
walk test are well documented for determining upper body
strength and functional exercise performance, respectively
[57,58].

These tests are consistent with recommended tests to
assess potential deficits in muscle function within adult def-
initions of sarcopenia. Although other muscle strength tests
(e.g., push-ups, pull-ups, and standing broad jump) and per-
formance tests (stair climb test, sit-to-stand test) have been
used in the pediatric population, they are constrained by the
absence of standardized protocols [57,59–62].

Measurement of psoas muscle area (SMA) from
single-section abdominal computed tomography (CT) im-
ages at L3–L4 and L4–L5 is an easily accessible, rapid,
and reliable method of assessing muscle mass. By relating

the SMA (cm2) to the square of the patient’s height (m2),
the muscle mass index (SMI) is calculated, which is indica-
tive of sarcopenia if less than 55 cm2/m2 in males and 39
cm2/m2 in females [63,64]. This method has been widely
adopted for the analysis of muscle mass in adult patients
with neoplasia, routinely subjected to axial tomography ex-
aminations of disease reassessment, as well as in patients
with liver disease, inpatients in intensive care, and patients
undergoing surgery [17,65–71].

This method has been widely used for the diagno-
sis of sarcopenia secondary to chronic disease (oncological
pathologies, inflammatory bowel disease, type 2 diabetes,
end-stage liver disease, intestinal insufficiency) also in pe-
diatric patients [72–77].

Recently, Lurz et al. [78] generated age- and sex-
specific curves related to total psoas muscle area (tPMA)
obtained at L3–L4 or L4–L5, which can be used for pedi-
atric patients aged 1–16 years. From these, the Z-Scores of
the PMA can be obtained through a calculator available on-
line [https://ahrc-apps.shinyapps.io/sarcopenia/] and easily
identify the presence of sarcopenia.

Although in their study, Lurz et al. [78] analyze tPMA
at both the L3–L4 and L4–L5 levels, tPMA at the L4–L5
level appears to be more relevant in children aged 1–16
years, as at this level the shape of the psoas muscle is also
rounder than at L3–L4, allowing for more accurate contour
drawing. In addition, L4–L5 is the reference level for the
assessment of visceral adipose tissue, so an analysis at this
level is a reliable measure of both skeletal muscle and adi-
pose tissue [79–85].

5. Discussion
In presence of a high risk of malnutrition, it is neces-

sary to perform a comprehensive nutritional assessment that
must involve the pediatrician and clinical nutritionist. Med-
ical and dietary history, physical examination, and anthro-
pometric measurements should be evaluated for this pur-
pose.

The increase of survival in subjects suffering from
neoplastic pathology also in pediatric age poses the problem
of the type of life of these subjects and of the interventions
to promote in the best way situations of well-being. In this
sense, in the light of the increase of pathologies related to
the development of atherosclerotic disease, it is necessary to
prepare all those studies and strategies useful to define the
most appropriate interventions to prevent these diseases. If
on the one hand the possible role of the established therapy
(radiation or chemotherapy) poses the problem of specific
experimental studies, the concomitant presence of poor di-
etary habits and sedentary lifestyles bring to the forefront
the need for preventive interventions on these factors. At
present, a pathway aimed at wellness in the subject recov-
ered from a neoplastic process in pediatric age must per-
form an adequate nutritional assessment, evaluate the eating
habits (through recall 24 hours and dietary diary) of these
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subjects, propose specific courses of correct eating habits
and practice of daily spontaneous movement. Pharmacoki-
netic interactions between food and chemotherapies must
be evaluated for each individual chemotherapeutic agent,
as these interactions are complex and not generalizable [86–
88]. Therefore, the potential interference of food with the
pharmacokinetic parameters of the drug should always be
kept in mind when prescribing an oral chemotherapeutic
drug. These interferences can produce changes in bioavail-
ability that, in the case of drugs with a narrow therapeu-
tic index, lead to an increased risk of therapeutic failure or,
conversely, to an increase in undesirable effects.

Metabolic-nutritional support should be initiated as
early as possible after diagnosis and pursued continuously
in order to prevent or correct in a timely manner the alter-
ations in nutritional status induced by the underlying dis-
ease and radiochemotherapy treatments. Today it is in-
creasingly clear that the metabolic-nutritional therapy for
the cancer patient can only be based on a combined and
multimodal approach, e.g., conventional nutritional therapy
combined with drugs or nutrients able to modulate the in-
flammatory response.

Dietary education should take place during the pa-
tient’s hospitalization, in order to sensitize both him and his
family to adopt a dietary pattern appropriate to the situation
[89].

In the discharge phase the patient, or his family, must
be instructed to follow an appropriate dietary regimen,
through the help and support of easy and understandable
dietary patterns (foods to prefer/limit/avoid) or personal-
ized diets. For this reason it is essential to include in the
therapeutic program of the oncological pathology also the
nutritional treatment, whichmust have these objectives: nu-
tritional support must be personalized, keeping in mind the
prognosis of the underlying pathology, so as to adapt the
intensity of dietary intervention; promote and stimulate the
diet by os, avoiding “closed” diets; sensitize the patient and
his family to proper nutrition, both during hospitalization
and at discharge; articulate a periodic follow-up.

Metabolic-nutritional intervention in oncology must
now be considered as an integral part of care and started
from the beginning of the course of the disease: the
sooner this “parallel path” starts, integrated with cancer
therapy and highly codified and individualized, the higher
the chances are to contain or slow down the loss of body
weight. Based on the increasing knowledge of the mecha-
nisms that lead to weight loss and thanks to the increased
availability of metabolically active nutritional substrates,
the metabolic-nutritional support in oncology will undergo
significant changes in the coming years, offering the oncol-
ogist a valid and irreplaceable tool to make cancer therapy
more effective.

6. Conclusions
There are several ways to assess muscle mass and the

possible state of sarcopenia in clinical practice. Weight,
body mass index, mid-arm circumference, and triceps skin-
fold thickness are anthropometric values that are easily in-
fluenced by disease status or concomitant therapies and
do not provide a precise assessment of body composition.
Among the available tools, the measurement of the psoas
muscle area, derived from single cross-sectional abdominal
computed tomography images at the level of L3–L4 and
L4–L5 represents an easily accessible, rapid and reliable
method to assess muscle mass. Early detection of the sar-
copenic state may allow timely application of appropriate
and personalized nutritional interventions to correct it.
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