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Abstract
Introduction: Children and adolescents with cerebral palsy (CP) have a high prevalence of malnutrition associated to poor prognosis. For an adequate nutritional assessment, new growth curves (Brooks, 2011) are available, in which precise cut-off points in Weight/Age index correlate to
increased morbidity and mortality rate. Objective: To evaluate risk of hospitalization and death in
patients with CP, according to nutritional risk (NR). Patients and Method: Observational and prospective cohort study of patients with CP in an outpatient referral center. We registered demographic,
socioeconomic data and nutritional assessment. During a one-year follow-up, hospitalizations and
mortality were recorded. The correspondent committee extended an ethical approval. Results: 81
CP patients were recruit, age 131.6 ± 60.4 months (25-313), 60 % male, 77.5 % without independent mobility. The 23 NR patients (28.4%) had lower muscle and fat mass (p = 0.000). During the
follow-up, 29/81 patients required hospitalization (35.8%) and 4/81 died (4.9%). There was not an
increased risk of hospitalization and/or mortality in NR group, but both were significantly higher in
gastrostomy-fed children (RR: 2,98 CI 95%: 1.32-6.75 combining both variables). Conclusions: In
this study, children and adolescents with severe CP and nutritional risk had similar morbidity and
mortality during a one-year follow-up, compared to those with acceptable nutritional status. Both
risks were higher in gastrostomy-fed than the orally fed children.
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Introduction
Cerebral Palsy (CP) comprehends a group of permanent disorders related with movement and posture, which cause several limitations. It is the result of a
non-progressive process that occurs during the fetus
development or in the child’s brain up to 5 years of his/
her life1. It is the most common physical disability in
children, and it affects 2.11 from each 1000 live births2,
being more frequent in preterm infants3. Its mortality
is fifty times greater than other causes in the pediatric
population, according to its severity and associated comorbidities4,5, rating a survival of 60% at 19 years, at
date5.
These patients need a complex multidisciplinary
care6, in which the nutritional treatment is fundamental, since they present high prevalence of malnutrition7,
deficient staturo-ponderal rates and even overweight
or obesity8, as well as deficits of micronutrients9,10, osteopenia and osteoporosis12. They commonly present
swallowing disorders, oral motor dysfunctions and
gastroesophageal reflux7. Malnutrition affects respiratory and cardiac function, decreases immunity, brain
growth, cognitive development, and social participation12.
For their nutritional evaluation, it is necessary
to consider that children with CP present different
growth to healthy, due to factors that do not depend
only on nutrition, but also on the type and severity of
neurological deficit, ambulation, cognitive ability and
neuro-endocrine factors12. They also have different
body composition and sexual maturation13,14.
This difference was evidenced by the publication of
Day S. et al., of specific growth curves for children and
adolescents with CP15. Built based on 141,961 measurements on 24,920 patients at a referral center in California, the authors also identified the need to subdivide
them according to Gross Motor Function Classification System (GMFCS16). They established percentile
values (p 10, 50 and 90) for weight/age (W/A), height/
age (H/A) and body mass index (BMI)/age, by gender
and for each functional group15. We observed that ideal
parameters in healthy children were far from them, in
children with moderate and severe CP.
Subsequently, Brooks J. et al. published new curves
based on the same population, but with prescriptive
value, defining cut points in W/A under which there
was greater morbidity and mortality. Thus, patients
with GMFCS I and II with W/A lower than p5 had a
relative risk of mortality (RR) of 2.2 (95% CI 1.3-3.7).
On the other hand, in children with GMFCS III to V
and W/A less than p20, RR was 1.5 (95% CI 1.4-1.7)17.
Based on this, our hypothesis was that Chilean children with CP and NR according to these curves, would
also have greater morbidity and mortality.

It is not reported in Chile with studies of prevalence of malnutrition in children and adolescents
with CP or their association with morbidity and mortality. The objective of this investigation was to study
the association between NR (nutritional risk) and risk
of hospitalization or death in children with controlled CPs in a comprehensive care center in Santiago,
Chile. Secondarily, describe the socio-demographic,
functional and medical characteristics of children
with CP and their caregivers, seeking to identify other
variables that are associated with poorer prognosis in
these patients.

Metodology
Observational and prospective study of a cohort
recruited for convenience (non-probabilistic sample)
of children with CP, belonging to the South-East sector of Santiago, controlled in an outpatient center for
children with special health care needs (NINEAS, according to its acronym in spanish) from the Dr. Sótero
del Río Hospital. For three months, the families of 85
patients, aged 2 to 19 years who met the definition of
CP, were invited to participate, whose caregivers (responsible adults) completed the informed consent process. Those with information and complete follow-up
for one year were included, leaving finally the sample
conformed by 81 patients.
Age, gender, socioeconomic level, occupation of
the caregiver and educational level of the child and the
caregiver, the feeding route, age of gastrostomy or probe installation if appropriate, associated pathologies
and medication use were recorded. The variables were
obtained through a survey designed for this study and
applied by the principal investigator.

Nutritional evaluation
Measurements were made by the principal investigator, previously trained (MJF):
Weight (kg): Patients were weighed in a chair-scale
brand DETECTO®, calibrated; If it was not possible to
sit the child, he/she was weighed in the arms of the caretaker, in a foot scale mark DETECTO®, substracting
the weight of the adult from the total.
Size (cm): Measured with a rigid pedometer of 1.8
m in length, in dorsal decubitus and in full extension.
If this was not possible, knee height was measured with
Ross anthropometer and the size was estimated using
Stevenson’s equations18 validated by Amézquita V. et
al. in Chilean children with CP19.
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Cutaneous folds (mm): Measured with a Harpenden® caliper, with standardized measurement technique20, in four points: subscapular, tricipital, bicipital
and suprailiac. Two measurements were taken at a
time and both were averaged.
Brachial perimeter (cm): It was measured at the midpoint of the right arm length, with inextensible plastic
breath, with a precision of 0.1 cm20.
Nutritional Diagnosis: Based on the anthropometric
measurements, we calculated the Weight/Age (W/A),
Size/Age (S/A) and BMI (Body Mass Index) indices
as per NCHS-CDC 200021 and Brooks 201119. The last
two indices were also expressed as z-scores according
to the first reference. Low Weight was defined as W/S
≤ 1DS (WHO)22 and BMI ≤ p10 for NCHS-CDC or
Brooks 2011 curves17. According to the latter, nutritional risk (NR) was defined if W/A was lower than p5
(in children With GMFCS I and II) or lower to p20 (in
children with GMFCS III to V).
Body Composition
The percentage of Fat Mass (% MG) was estimated
according to the sum of 4 folds23. The arm area (AA in
mm2) was calculated from the variables, the tricipital
fold and the brachial perimeter, according to the formula proposed by Frisancho24.
Functional Motor Capacity
The motor function of the patients was evaluated
by a neurologist, according to the GMFCS classification16, and assigned to the corresponding growth curve. GMFCS is described in five groups:
Group I: Children who walk, climb stairs, run and
jump, but with difficulties in speed, balance and coordination.
Group II: Children walking and climbing stairs, but
with difficulty on uneven/sloping surfaces.
Group III: Children who walk on flat surfaces with
technical aids, and who depend on the function of
their upper extremities, being independent in their
wheelchair.
Group IV: Children who do not wander, use automatic wheelchairs, control head and trunk.
Group V: Children who do not wander, with difficulty in controlling their head and trunk; Can sit or
stand with technical aids, but are transported by other
people or in wheelchairs, neurological and automatic
ones.
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Evaluations and Follow-up
During 12 months (between January 1 and December 31, 2013), three nutritional assessments were performed for each patient, at 0, 6 and 12 months of age.
In the first evaluation, a card with the described variables was completed and it was determined whether
or not the patient belonged to the NR group. In the
following evaluations, the non-change of risk group at
follow-up was certified. Each patient had a notebook,
to record the appointments in emergency service and
hospitalizations of the child for one year. In addition,
telephone follow-up was carried out in two opportunities between controls and income was reviewed in the
hospital records.
Statistical analisys
Descriptive statistics were performed on the sample, with averages (SD) if the variables were distributed
in a normal way, or with medians (ranges) if they did
not (Mann-Whitney test). The categorical ones were
described according to number and percentages. To
study the differences between the NR versus non-NR
group, the numerical variables were compared using
the Student’s Test (normal distribution variables) or
with some non-parametric test (for variables without
normal distribution) and proportions using the Chisquare. The RR of hospitalization or mortality was
calculated according to NR, and also according to gastrostomy, as well as Pearson or Spearman correlation
for the association between nutritional status (% BMI)
and GT (Gastronomy) characteristics (Age of installation, and time). A p < 0.05 was considered significant.
The statistical program MINITAB-17 was used.
Ethical aspects
This study was approved by the Research Ethics
Committee of the Dr. Sotero del Río Medical Assistance Center, Metropolitan Health Service of the South
East. The patient’s primary caregiver, aged over 18
years, signed the informed consent document at the
time of study entry.

Results
Patients’ characteristics
81 children, whose characteristics are described in table 1. The main etiology of CP was perinatal (53.01%), followed by prenatal (27.1%), postnatal
(15.6%) and causes Unknown (3.6%).
Table 2 shows the nutritional parameters. According to the nutritional diagnosis in the baseline evaluation, 37 patients (45.7%) had low weight according
to the WHO curves or CDC-NCHS (according to the
age of the patient), in contrast to 18 patients (22.5 %)
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With this diagnosis, according to Brooks curves 2011
(Chi2 p = 0.000).
According to the cut-off points proposed by
Brooks, 28.4% of the patients (23/81) were in NR.
Table 3 shows the characteristics of the patients. As
expected, patients with NR had lower BMI, zIMC,
zS/A, brachial muscle area and midbrachial fat area.
There was no difference between the two groups in the
caregiver’s age (41.6  10.4 vs. 39.5 ± 9.5), family economic income < 200,000 CP (30.4 vs. 31%), caregiver
education (Average Education: 69.57 vs. 60.34%), nor
if they did work outside home (6.17 vs. 16.04%), all
with p > 0.05 Chi2 test.
One-year follow-up
During the follow-up period, four patients (4.9%)
died from respiratory infections at the ages of 5, 5, 8
and 18 years. Three of them were women; all four had
Post-Infectious Chronic Lung Damage, GMFCS-V and
they were gastrostomized (with associated anti-reflux
surgery in three of them). Only one had NR.
As for major morbidity: 29 children required hospitalization (35.8%), half with a stay shorter than 7
days and 9 with more than one hospitalization. The
main cause was respiratory infections.
NR and its association with morbidity
There was no difference between patients with and
without NR in terms of the need or number of hospitalizations (Chi2 test, p = 0.53) or mortality (p = 0.93)
(Figure 1), nor when considering both results together,
that is, morbimortality (p = 0.791).
There was also no association between NR and intellectual, visual, auditory deficit, active epilepsy, use of
anticonvulsants, scoliosis or need for oxygen, although
it was observed that in the group with NR there was a
tendency to more patients with lung damage than in
the group Without NR (Chi2 = 0.073). Finally, in patients without NR, there was a higher frequency of hip
dislocation (p = 0.032).
Food Route and its association with morbidity and
mortality
From the total sample, 37 (45.7%) patients were
fed via GT, from which 32 (86.5%) had associated antireflux surgery. Table 4 shows the comparison with the
patients without GT: the former had an older age and
a non-significant tendency to a lower BMI. As seen in
Figure 2, GT users required hospitalization more frequently (Chi2 = 0.002, RR: 2.32 CI 95% 1.05-5.14),
as well as presenting higher mortality rates than those
who were fed orally (Chi2 = 0.027). The deceased patients also had a shorter GT installation time, although
with no significant difference: Median 3.0 years (Ran-

ge: 1 to 4) vs. 5 years (1 to 17), Mann-Whitney test,
p = 0.09.
When these two results were combined (hospitalizations + mortality), the difference was significant,
with a higher risk for patients with GT (RR: 2.98; 95%
CI: 1.32-6.75). Finally, as shown in figure 3, the older is
the patients who recieved the GT installation, the lower
the actual BMI% would be.
Table 1. Characteristics of 81 children and adolescents with
Cerebral Palsy
Characteristic

Description

Age in months (Mean ± SD)

131.6 ± 60,4 (Rank: 25-313)

Male Sex (%)

60.5

GMFCS (%)

I
(12)
II
(1)
III
(3)
IV	 (9)
V	(75)

Clinical Form CP (%)

Tetraparesia
Diparesia
Hemiparesia
Ataxia

Comorbidities (%)

Intellectual Disability
Active Epilepsy
Sleep Disorders
Visual Deficit
Hearing Deficit

(83)
(64)
(40)
(33)
(12)

Schooling (%)

Did not attend
Special School
Language School
Normal School
Does not match

47%
35%
5%
4%
9%

(77.1)
(14.4)
(7.23)
(1.2)

Table 2. Nutritional Evaluation of 81 children and adolescents
with Cerebral Palsy#
Parameter

Mean ± SD o Median (Rank)

BMI basal (kg/m )

15.40 ± 2.85

Basal BMI (%)

89.11 ± 18.97

BMI z

17

-1.26 (-9.68 a +2.7)

17

-2.29 ±1.84

2

H/A z

18.975 (7.67-37.8)

% FM21
% Adjusted FM

105.3 (46.0 a 234.6)

Total Brachial Area (cm2)

31.13 (13.86-58.01)

Brachial muscle area (cm2)

21.66 (10.98-48.7)

Brachial Fat Area (cm )

9.35 (2.27-27.64)

2

Variables expressed as Mean (SD) or Median (Rank) according to their
distribution. BMI: Body Mass Index. BMI (%): Percentage of Brooks
p50 = [(Real BMI/BMI p5017) x 100]. % FM 23: Fat Mass Percentage,
calculated with sum of 4 skinfolds23. % Adjusted FM: [FM23/(FM p50 for
weight and age) x100]. Reference OMS in under 5 years22 and in older,
reference CDC-NCHS21.
#
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Table 3. Characteristics of 81 children and adolescents with CP, according to nutritional risk (NR)
With NR (n = 23)

Without NR (n = 58)

Age (months)

145.5 SD ± 62.1

132.7 SD ± 71.4

0.44

(Test T)

Age
> 10 years (%)
< 10 years

14 (35)
9 (22)

26 (65)
32 (78)

0.19

(Chi2)

0.29

(Chi2)

94,7 SD ± 16,8

0.0001

(Test T)

Male sex (%)
BMI (%)
Z-score BMI

61.9
74.9 SD ± 16.7

60.0

p (test)

-3.3 (-9.7 a -0.76)

-0.37 (-7.5 a 2.7)

0.000

(MW)

Z-score Height/Age

-3.474 SD ± 1.8

-1.801 SD ± 1.64

0.000

(Test T)

Muscle Area (mm2)

17.14 (12.59 a 26.44)

20.96 (10.98 a 48.7)

0.0001

(MW)

83.57 (46 a 151.8)

116.29 (47.56 a 234.6)

FM (%)

0.0001

(MW)

Use of GT (%)

11 (47.8)

26 (44.8)

0.9

(Chi2)

Age of Installation GT (years)

8.0 (0 a 15)

4.5 (1 a 16)

0.144

(MW)

Year of GT use

3.5 (2 a 12)

5.0 (1 a 17)

0.435

(MW)

GMFCS IV (%)
GMFCS V (%)

0 (0)
20 (87)

6 (100)
43 (74)

0.11

(Chi2)

#
Variables expressed as Mean (SD) or Median (Rank) according to their distribution. BMI (%): Percentage of Brooks p50 = [(Real
BMI/BMI p5017) x 100]. GT: Gastrostomy. % Adjusted FM: [FM23/(FM p50 for weight and age) x 100]. Reference OMS in under 5
years22 and in older, reference CDC-NCHS21. SD: Standard Deviation. MW: Mann-Whitney test.

Figure 1. Distribution of 81 children and
adolescents with Cerebral Palsy according
to nutritional risk, regarding the need for
hospitalization and mortality.

Discussion
This study describes the nutritional status of 81
children with CP, who underwent follow-up for a year,
without finding an association between nutritional risk
and morbidity and mortality, although GT intake was
a factor that worsened the prognosis. This is the first
study that investigates this important aspect in Chilean
children with CP.
Regarding the characteristics of this sample, the
prevalence of male gender, a non-preventable risk
factor for PC, coincides with that published in the
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reports known in the medical literature3,25,26. Most of
the patients had GMFCS V, coming from a referral
center that serves patients with greater severity and
comorbidity. This severity is greater than other studies and is the main determinant of survival in these
patients4,27. The most frequent etiology reported was
perinatal (asphyxia and prematurity), although it has
been shown that the main one should be prenatal26.
The absence of schooling was high (47%), probably associated with transportation difficulties, low supply of
special schools or integration in the South-East sector,
as well as overprotection by caregivers. No differen-
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Table 4. Characteristics of patients according to use of GT
GT

No (43)

Yes (37)

p (test)

124.2 SD ± 50.9

147.6 SD ± 64.6

0.086 (Ttest)

BMI (%)

91.85 (51.48 a 138.7)

85.44 (42.79 a 139.1)

0.083 (Ttest)

Z-score BMI (WHO)

-0.760 (-8.11 a +2.7)

-1.86 (-9.68 a +1.79)

0.720 (MW)

-1.98 DE ±1.94

-2.80 DE ± 1.66

0.057 (Ttest)

20.39 (10.98-48.7)

18.77 (13.53 a 37.95)

0.277 (MW)

107.9 (46 a 234)

105.0 (51.64 a 234.5)

0.925 (MW)

39.64 (20 a 59)

40.6 (24 a 59)

0.927 (Ttest)

Age (months)

Z-score Height (WHO)
BMA (mm2)
% Adjusted FM
Caregiver Age (years)
Nutritional Status
Underweight (%)
Normal (%)
Overweight (%)
#

8 (18.6)
32 (74.4)
1 (2.3)

10 (27)
26 (70.3)
1 (2.7)

0.16

(Chi2)

BMI (%): Percentage of Brooks p50 = [(Real BMI/BMI p5017) x 100]. BMA: Brachial muscle area. % Adjusted FM: [FM23/(FM p50
for weight and age) x 100]. Reference OMS in under 5 years22 and in older, reference CDC-NCHS21. Nutritional status according
to Brooks Growth Charts17. Underweight < p10, Normal p10-90, Overweight > p90. SD: Standard Deviation. MW: Mann-Whitney
test.

Figure 2. Morbidity and mortality in 1-year
follow-up of 81 children and adolescents
with Cerebral Palsy, according to the use
of gastrostomy.

Figure 3. Body Mass Index according to
the age of installation of Gastrostomy, in
37 children and adolescents with Cerebral
Palsy.
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ce was found in the socio-economic level, education
or occupation of the primary caregiver, according to
the child’s NR, possibly due to the homogeneity of the
population, low socioeconomic level and low, which
are fully attended in the Public Service of Health. Only
22% of caregivers worked outside the home and most
of them are dedicated exclusively to the care of these
patients.
The high prevalence of malnutrition according to
the specific curves27 was composed mostly by children
in the group with the greatest neurological damage,
according to this study. Several authors support the
use of this reference constructed with a large sample,
balanced by gender and age, and categorized according to functionality. Besides, it allow us to make better decisions, especially in those patients with GMFCS
IV-V27. In addition, we state in this sitdy that the use
of CDC-NCHS overestimates malnutrition (45.7%),
compared to the curves for CP (22.5%)17. In other studies, this prevalence varies between 29 and 51% with
the first reference28,29, according to the characteristics
of the subjects. Using specific curves would allow focusing resources and nutritional interventions on those
who are effectively malnourished30,31. The use of W/A
to define NR is, moreover, more precise and applicable
than the other indices that include size31, difficult to
measure in patients without full extension.
Patients with NR of this sample had a lower percentage of fat and lean mass than those without NR,
as was expected. Although the estimation of FM with
skinfolds has limitations and underestimation32, it is
useful for follow-up, especially when weight and height
are difficult to measure, as in the prostrate and/or column deformities. This is important, because despite
being weakened, the FM of CP patients may be similar
to normal, by proportional decrease of body weight
components39.
The main cause of morbidity and mortality were
respiratory infections in our study, according to what
was published4,33. These patients have an increased risk
of pulmonary aspiration, secondary to the coexistence
of GER and dysphagia6, and the presence of WB is an
independent risk factor for recurrence of hospitalizations34. In our study, the majority of gastrostomized
patients had anti-reflux surgery, despite which respiratory pictures were frequent. Moreover, three of the
four deceased patients had fundoplication GT. According to the mentioned, the evidence is not conclusive,
since the effectiveness of this in reducing pneumonias,
and the GER is of 57%35, without preventing the aspiration of saliva or high respiratory secretions34. However, if WG is late, prior establishment of chronic lung
damage and associated nutritional compromise will
allow new infections, which is frequently observed in
gastrostomy patients.
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The absence of association between NR and morbidity and mortality may be due to the fact that one
year may be insufficient time to evaluate the validity
of Brooks’ suggested cut - off points17. These were defined in a large sample (25545 multicentre controlled
patients between 1988 and 2002 in California, USA),
with all functional groups represented and with a longer follow-up (3 years after the last recorded measurement).
We found higher morbidity and mortality in gastrostomy versus non-gastrostomy patients, although
with the design of this study we can not attribute causality. This would only be possible if the follow-up will
begin from before the WG was installed, knowing the
conditions of the patients at that moment, as well as
their accomplishment with homogeneous procedures.
There was also an inverse association between the age
of installation of the WG and the BMI, that is, the older the intervention, the worse the nutritional status,
which could have increased morbidity and mortality
due to the failure to receive the nutritional benefits
of the intervention. GT for its late implementation.
Taken in a timely manner, the insertion of a GT improves nutritional status and fat mass, decreases respiratory infections and hospitalizations in patients with
CP35,36. However, patient heterogeneity and measurements, coupled with inadequate design studies make
it difficult to demonstrate its benefits37-39. Moreover,
it has been shown that survival at age 19 is greater in
those without WG (72% versus 55%)27, but this study suggests that the association between WG use and
morbidity and mortality should be investigated prospectively , Considering the patient’s condition at the
time of the WG, in order to evaluate if the greatest risk
is real or if it is only about patients with greater fragility
and vital risk5.
Dentro de las fortalezas de este estudio, está su diseño prospectivo, en una cohorte cautiva con cuidados
homogéneos, controles periódicos y seguimiento completo. Las mediciones fueron realizadas por un mismo
investigador, con método estandarizado, instrumentos
adecuados, no invasivos y de bajo costo. En cuanto a
debilidades, debe considerarse que los resultados son
aplicables a niños con grado alto de limitación funcional y no a la población completa de pacientes con PC,
así como se planteó antes, al tiempo insuficiente de seguimiento.
As a conclusion, in this group of children with severe CP and high prevalence of malnutrition, those
in the nutritional risk category did not present higher morbidity and mortality at one-year of follow-up.
From another factors which were analyzed, only the
GT portation was associated with greater morbidity
and mortality, which may be determined by being patients of greater severity and/or the late performance
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of this procedure (this according to the patient’s age).
It is important to use specific curves for the nutritional
assessment of patients with CP, and we strongly believe that possibly a longer follow-up could demonstrate
the influence of low weight on morbimortality. Complementary, we hope to have helped in recommending
the timely installation of GT in pediatric patients with
Cerebral Palsy.
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