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Abstract
The aim of the present study was to review the current knowledge concerning the nutritional status of children
with cerebral palsy. The aim was also to summarize the key factors which are responsible for the high prevalence
of malnutrition. Significant reductions in anthropometric parameters were found in children with cerebral palsy in
comparison to children of normal development. This deviation from typical growth, can be attributed to several
factors, such as: inadequate food intake, deficiency of important trace elements (calcium, phosphorus, magnesium,
iron) and vitamins (vitamin D, folate, vitamin 12) and reduced dietary density (which depends on dietary factors
and mobility). Children with cerebral palsy, manifest nutritional problems and nutritional deficiency, which mainly
is due to the inherent problems these children have to acquire dietary factors and their also inherent problematic
in their mobility. Thus the present work attempts to provide a short review of the nutritional issues in children with
cerebral palsy and the probable nutritional therapeutic interventions.
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Introduction
Cerebral Palsy (CP) is a condition, which can be defined as
“a heterogeneous group of nonprogressive motor disorders
caused by chronic brain injuries that originate in the prenatal
period, perinatal period, or first few years of life. The four
major subtypes are spastic, athetoid, ataxic, and mixed
cerebral palsy, with spastic forms being the most common.
The motor disorder may range from difficulties with fine
motor control to severe spasticity (such as muscle spasticity)
in all limbs. Spastic diplegia (Little disease) is the most
common subtype, and is characterized by spasticity that is
more prominent in the legs than in the arms. Pathologically,
this condition may be associated with leukomalacia”1.
CP comprises of a set of conditions caused by
interference to the development of the brain, conventionally
before birth, which has an impact on a person’s movement
balance and posture. There are cases in which some genetic
defect may exist resulting in “miss-wiring” in the course of
the development of the neuronal system. Cerebral palsy is
typically diagnosed during infancy or preschool whereas
the effect on physical ability varies notably2-5. Cerebral
palsy can result in impaired movement accompanied by
exaggerated reflexes, floppiness or rigidity of the limbs
and trunk, abnormal posture, involuntary movements and
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unsteadiness of walking6,7. Mental disabilities have also
been detected, although some people show no or little
intellectual dysfunction. Epilepsy, blindness or deafness
may also occur7,8.

Etiology
The etiology of cerebral palsy is multifactorial. In a
large proportion of patients (30%) there is no specific
risk factor or recognized etiology. Risk factors for CP
are divided into three: prenatal, perinatal and postnatal
factors8,9.According to epidemiological studies of already
patients with cerebral palsy, 70% to 80% of cases are
due to prenatal causes, and perinatal asphyxia represents
less than 10% of cases. Of the above, the main risk factors
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are premature life, multiple pregnancies and maternal
infections such as chorioammonitis9,10.

Clinical presentation of children with cerebral palsy
Conforming to the patient’s clinical presentation, cerebral
palsy has been classified according to the nature of the
kinetic disorder (spasticity, ataxia, dystonia and athetosis)
and the anatomical or topographical distribution of motor
abnormalities7,8. The most common clinical picture among
premature babies is spasticity, which is dependent on the
speed of muscle tone11-13. A minority of cases, reported
dyskinetic cerebral palsy, the predominant abnormality is
either dystonia or choreo-athetosis.
Dystonia is expressed in hypertonia and decreased
activity, choreoathetosis, to irregular, spasticity,
involuntary movements of the limbs or facial muscles. With
ataxic cerebral palsy there is a loss of orderly muscular
coordination, so that movements are performed with
abnormal force, rhythm, and accuracy11-13. In addition,
spasticity in cerebral palsy is classified into spastic
diplegia (bilateral spasticity with leg-to-arm legs), spastic
hemiplegia (unilateral spasticity), or quadriplegia (bilateral
spasticity with an arm equal to or greater than the leg). In a
large percentage of patients with cerebral palsy, there are
secondary concomitant diseases such as musculoskeletal
problems, epilepsy and sensory, perception, knowledge,
communication and behavior disorders14.

Τhe role of nutrition
Malnutrition and poor growth have been surveyed, in
several studies of cerebral palsy because of its effects on
the psychological, physiological eustasis, motor function,
social participation, and survival. In an effort to understand
the causes of poor growth, a range of interventions have
been implemented. Poor development is mainly caused by
malnutrition. Maintaining balanced and rich diet has helped
to improve clinical management and thus survival in the last
20 years, according to scientific evidence. Furthermore, the
acknowledgement of the effect neurological, endocrinological
and environmental factors have on CP, has set new standards
in the treatment of suffering children...

Difficulty in feeding and nutrient absorption in children
with cerebral palsy
Data collected has shown that swallowing and chewing
difficulties15,16, inability to feed and long meal times are
some of the reasons that cause such a great percentage of
children suffering from CP to have slowed down or degraded
growth, as they contribute to malnutrition17,18. Although
there have been many reports of unsatisfactory uptake of
minerals and vitamins (micronutrients), modern biochemical
methods have only scarcely measured their state19-21. Low
energy levels that have often been observed in children
with neurological disability may be the cause of insufficient
consumption of micronutrients15,20.
2

Metabolic deficiencies disrupt metabolism in such a
way that a sufficient intake of micronutrients is essential.
According to a micronutrient-status study that monitored
children with cerebral palsy, it appeared that cerebral palsy
symptoms due to micronutrient inadequacy are not easily
distinguished from the typical CP clinical presentation22.

Micronutrient and vitamins status in children with
cerebral palsy
A number of studies have been carried out over the last
few years to investigate the micronutrient status in a group
of children with CP. In a recent survey thirty six children
with CP were screened during the procedure, aged 1.5–
17 years, who completed a 4-day food diary, underwent
anthropometric measurements and delivered blood for
analysis of micronutrient concentrations. The findings of the
survey indicate that, even among those who were receiving
nutritional supplements, inadequate intake of iron, niacin,
folate, vitamin E, calcium and vitamin D was recurrent.
Clinical tests also revealed low serum concentration of
folate, tocopherol, ferritin and pyridoxal-5-phosphate.
Severely disabled children received nutrition supplements
more systematically than those with less severe disability
(71% vs.16%, p=0.01). Tube feeding and use of nutrition
supplements had as an outcome higher concentrations of
micronutrients in serum and blood.
All the above data indicate that it was common among the
children of this heterogenic group to demonstrate low intake
of micronutrients as well as low micronutrient concentrations.
Moreover, children with neurological disabilities ought to
have their nutritional status evaluated in order to make sure
they intake adequate amount of micronutrients23. Lack of
leaflet can cause chromosome breakage in human genes and
has been related to cognitive impairment in children. Lower
than expected folate concentrations were concurrent with
low or marginal folate intake in several children. Also, many
specimens displayed low quantities of vitamin E and serum.
What ought to be diagnosed and treated is iron inadequacy
as it may affect learning as well as typical hemoglobin
levels23. Previous reports have shown that children with
severe CP have a high risk of fracture24. Thus, a significant
preventive factor is the adequate intake of magnesium,
vitamin D and calcium, which should consist of a minimum
regulatory nutrient intake. Unsatisfactory supply of critical
nutrients for bone formation deteriorates the negative effect
of immobility, weight loss and the use of anticonvulsants
on bone health and may also be responsible for decreased
muscle strength25. The ideal levels of vitamin D are linked, to
a large extend, to adequate sun exposure.
Further study is needed though, as far as food intake is
concerned, because the most trusted method of calculating
food intake in an individual level is recorded by weighing
food26, which is regarded as untrustworthy by caretakers of
a group of children with spastic quadriplegic cerebral palsy,
in spite of careful instructions for preserving food27. The
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results, on the other hand, show that quite a few of these
micronutrients may be insufficient in this group of patients,
even though the nutritional deficiency is differentiated from
the general harm of children with neurological disease.
The inadequate consumption of micronutrients and the
biochemical deficiency of numerous micronutrients have
frequently been encountered in studies of children with
CP. Higher micronutrient consumption, and thus higher
concentrations of micronutrients in blood and serum is what
the use of dietary supplements aims at. The evaluation of
the nutritional status of children with disabilities is essential,
together with laboratory and dietary assessment. Nutrition
advice should be personalized so that the use of nutritional
supplements can assist development and diminish the
hazard of inadequacy of micronutrients in children with
serious drawbacks.

Vitamin D and Bone mineral density status in children
with cerebral palsy
Calcium and vitamin D deficiencies have also been
investigated in several studies, where it has been shown that
children with CP were prone to vitamin D deficiency28-31 as well
as to calcium abnormal levels32,33. It is commonly accepted
that immobilization predisposes to bone absorption, which
can reduce bone density increasing the risk of anomalies.
Therefore, children that are mostly in danger of encountering
such problems are those who suffer from physical handicaps
that make them immobile, for instance those with severe
cerebral palsy.
Vitamin D is a necessary vitamin for bone metabolism,
which has the potential to be synthesized on the skin.
Nowadays, in order to avoid vitamin D deficiency,
milk is supplemented with vitamin D, but milk products
such as cheese, yoghurt and ice cream are not generally
supplemented with vitamin D. There are few foods that
contain naturally significant amounts of vitamin D, including
fatty fish and fish oils24. It is known that lack of vitamin D
in children causes rickets. However, this is considered to
be a regional effect since most reports concern developing
countries31,34. Further on, several studies have highlighted
the fact that vitamin D deficiency along with cerebral palsy, is
a probable cause for spontaneous fractures in children35-37.
there is not an exact explanation for this phenomenon, since
it is multifactorial and include many other causative factors.
Some of these reasons, include the limiting the exposure of
children with CP to sunlight, feeding difficulties resulting in
malabsorption of nutrients, the long-term of anticonvulsants
and antiepileptics and others.
Reduced bone density, as evidenced by DEXA bone
densitometry and the tendency towards low-grade fractures
and extensive bone desalting, are common in children with
cerebral palsy38. Long bone fractures are common among
this group of children, leading to increased and prolonged
hospitalization and deteriorating the quality of life of this
already vulnerable group. A potential therapeutic opportunity
3

can be offered through the use of bisphosphonates39.
Recent studies have highlighted the therapeutic potential of
bisphosphonates in children with cerebral palsy, where it has
been shown that children treated with bisphosphonates had
significant lower fracture incidents24,40,41. In other studies, a
group of children with severe cerebral palsy were examined
for the prevalence of osteopenia and determination of its
relation to irregularities in the vitamin D or parathyroid
hormone status. Those studies highlighted that there
was a significant difference in osteopenia levels, where
children receiving medical and nutritional supplementation
manifested increased levels of BMD19,20,24.
As aforementioned, children with cerebral palsy (CP) are
at higher risk of low bone mineral density (BMD). The lack
of mobility of children with CP is another risk factor for low
bone density. An interesting study, conducted in ambulatory
and non-ambulatory children with cerebral palsy, evaluated
the margins of Z-bone femoral and lumbar spine (BMD)
clearance. The BMD z-score was found to be higher in
ambulatory children than in non-ambulatory individuals.
In a recent study the distal femur and lumbar spine bone
mineral density (BMD) as well as Z-scores in children with
cerebral palsy were evaluated. BMD z-score was found to
be higher in ambulatory children than in non-ambulatory.
To a certain degree, unexpectedly, even among ambulatory
children, those with better walking abilities had higher BMD
z-score than those with more impaired walking ability. From
this we conclude that the main prognosticator of low BMD
Z-scores in the distal femur was the inability to walk, but
the outcomes suggest that the degree of the neuromotor
impairment may possibly be an important predictor. Vitamin
D status did not seem to have any connection to BMD
z-scores24,42-44.
From the aforementioned study it was concluded that
a considerable number of children suffering from CP had
low BMD for age in the peripheral femur and that mostly
children who could not walk had very low z-BMD scores.
Quite unexpectedly, it was found that among children who
were able to walk, those with GMFCS level II had considerably
lower Z-scores than GMFCS I children. Furthermore, among
children with hemiplegia, BMD Z scores were found to be
lower in the infected than the unaffected end24,43,45-47.

Conclusions
Low BMD in children with CP is the cause of brittle bones
and bone fractures, and thus deteriorates their quality
of life44. It is admittedly almost impossible for optimal
maximum bone mass to be obtained, due to the fact that
risk aspects for low BMD appear from a very early age in
children with CP. Therefore, what is of crucial importance
is to recognize children at risk as early as possible, so as
to improve bone growth. Proper nutrition, emphasizing on
calcium and vitamin D intake and premature mobilization
can improve bone acquisition, although normal bone growth
is unlikely to be expected48. The aforementioned outcomes
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assist the weight of the activity level as well as the degree
of neuromuscular injury which play an essential role in bone
modeling in this population.
It is proven that if a child with CP has reduced mobility
they are at increased risk of developing low bone density
or osteoporosis/osteopenia. Although, there is not a
commonplace for CP patients’ diet it is agreed that an
adequate intake of calcium and Vitamin D is imperative.
Furthermore, food and diet is a highly regional and customsrelated aspect, which however needs to cover basic nutritional
needs. For example, calcium-rich foods such as milk, cheese,
yogurts, milk puddings, dark green leafy vegetables, tinned
fish and sesame seeds/paste are necessary. Further on,
Vitamin D is imperative, which is found in egg yolk, liver,
oily fish, fortified milk or spreads, and through 15-20 mins
exposure to sunlight particularly between the months of
March to September. In case that these foods are disliked,
non-digestible or out of a custom-related diet then a trained
dietitian should be involved in order to supply the necessary
nutritional factors. In addition, a child with CP should have
their bone health monitored by blood tests and bone density
scans. This is especially important if anti-epilepsy medication
is used to control seizures. Consider some weight-bearing
exercise, in consultation with a physiotherapist.
In relation to the aforementioned studies, there is a
common consensus for the exact nutrition of children
with CP. However, it is generally accepted that the energy
requirements, in children with CP, are averagely lower than
that of healthy children of the same age, varies highly and
does not seem to be affected by any body composition
factor. It is therefore quite difficult to evaluate the energy
balance using the currently available equations. As a result,
the recommendation at present is either to measure Resting
Energy Expenditure (REE) by indirect calorimetry, even
if this multifaceted technology might not be accessible
at all centers or to evaluate the energy necessities using
the existing available equations and to control energy
consumption according to weight modification. Last but
not least, the conducted studies have revealed that the low
energy expenditure discovered in malnourished children
with CP along with low levels of trace minerals and vitamins
is partly a result of an adaptation to chronic low energy
consumption and that REE of CP babies can return to normal
with sufficient nutritional intake.
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