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Optimal nutrition is important to infants and chil-
dren because their growth and development are

rapid.  In recent years, there has been an increased
awareness that children with cerebral palsy (CP) are
at high risk of undernutrition.(1-3) If left untreated,
severe nutritional problems may be exacerbated,
which may even cause impairment of the immune
system, cognitive problems, and neuromuscular dis-
abilities.(4-8) When the nutritional condition is
improved, researchers have shown several improve-
ments in general health conditions of the children,

such as decreases in irritability and spasticity, heal-
ing of pressure sores, and improvement in peripheral
circulation.(9-12) Therefore, identification of the risk
factors associated with undernutrition is important
for the early detection and treatment and for the pre-
vention of late complications in the children's behav-
ior, health, or growth.

In addition, researchers have suggested that
there is a relationship between the nutritional status
and inadequate nutrient intake, malabsorption of
nutrients, as well as endocrine problems.(2,10,13)

Risk Factors of Undernutrition in Children with 
Spastic Cerebral Palsy

Jen-Wen Hung, MD; Te-Jui Hsu1, RD; Pi-Chuan Wu2, RD; Chau-Peng Leong, MD

Background: This study was undertaken to investigate the nutritional status of children
with spastic cerebral palsy (CP) and to identify the risk factors of undernutri-
tion.

Methods: Seventy-five spastic CP children, 47 boys and 28 girls, (ages, 5 months to 10
years) underwent anthropometric assessment, including body weight, recum-
bent length, and knee height. Their functional status, medical condition, and
feeding status were also recorded. The data were analyzed to estimate the
influences of various factors on the nutritional status of the spastic CP chil-
dren.

Results: The nutritional status of 31 of the 75 children (41.3%) were below the 10th
percentile (undernutrition) and three (4%) were above 90th percentile (over-
nutrition) of healthy children. In the multivariate analysis, we found that
undernutrition was significantly associated with: (1) girls ( p = 0.006), (2)
more feeding problems ( p = 0.018), (3) shorter duration per meal ( p = 0.022),
and (4) poor communication ability ( p = 0.001)

Conclusion: It appears that periodic anthropometric assessments of CP children are indi-
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Inadequate nutrient intake, however, not the latter
two problems, can be corrected through rehabilita-
tion.  In our study, only the factors that resulted in
inadequate nutrient intake were evaluated. 

Nutrient intake depends on getting adequate
food, and having the ability to adequately chew and
swallow of the food.  These factors are associated
with the functional status of a child with CP.  In this
study, we evaluated the functional abilities and the
feeding status of the children with CP in order to dis-
cover the factors that are significantly associated
with undernutrition and that can be corrected in a
rehabilitation program. One study by Dahl and
Gebre-Medhin showed that children with dystonic
CP were at a high risk of developing undernutri-
tion.(14) However, at our hospital, only a few patients
with dystonia were referred for rehabilitation. Since
spastic CP is the most common type of CP, those
children were selected for enrollment in this investi-
gation.  

METHODS

Subjects
Seventy-five children with spastic CP (defined

as a permanent increased muscle tone and impair-
ment of voluntary movement or posture presumed to
be due to non-progressive damage to the immature
brain) with various degrees of involvement were
selected consecutively from our rehabilitation clinic
for this study.  Forty-seven of the 75 were boys and
28 were girls.  The mean age was 3.79 2.35 years
(range, 5 months to 10 years).

Anthropometric measurement
1. Body weight

Body weight was measured to the nearest 0.1 kg
on a standard beam balance.  If the child could not
stand independently, the caregiver held the child, and
the two were weighed.  The body weight of the child
was obtained by subtracting the caregiver's weight
from the total weight.
2. Body Length

Body length was measured to the nearest 0.1
centimeter using a supine-length measuring board
with a stationary inflexible measuring tape and a
plasty headboard.  For the children with significant
musculoskeletal deformities or severe spasticity, we
used an alternative method of measurement to esti-

mate the length based on the knee height (KH), as
described by Stevenson.(15) According to this
method, the children's stature was calculated using
the following equation: 

Stature= S- (2.69 KH)+24.2
Where S indicated the estimated stature in cen-

timeters, and KH was the knee height, measured
from the proximal edge of the patella to the bottom
of the heel with both the knee and ankle at 90
degrees of flexion. 

Each measurement was taken twice and the
mean value was used for data analysis.
3. Normalization

The values of "length for age" and "weight for
age" were expressed as nth percentile using the refer-
ence growth chart for Taiwanese children produced
by the National Health Administration of Taiwan,
1983 and Ministry of Education, 1986.(16,17) "Weight
for length" was obtained by plotting the child's
weight against his or her own length curve.  The val-
ues of "weight for length" were converted to per-
centiles using reference data drawn from the
National Center for Health Statistics (NCHS) of the
United States,(18) because there is no such reference
data in Taiwan for children younger than 3 years
old.(19)

Assessment of nutritional status
We defined "undernutrition" as the values of

"weight for length" below the 10th percentile, while
those values above the 90th percentile were defined
as "overnutrition".

Assessment of medical problems
Information from the patients' medical records

and parental interviews was used to investigate the
occurrences of medical problems, such as seizures
and pneumonia, which may have been relevant to the
children's feeding and nutritional status. 

Assessment of feeding characteristics
Information regarding the following feeding

characteristics was collected from interviews with
parents and/or caretakers.  
1. Feeding problems

The occurrences of some common feeding prob-
lems such as tongue thrust, fluid or food loss during
eating, choking during eating, biting, drooling, and
refusal of food were recorded.  For each child, the
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sum of the feeding problems were calculated and
divided into two groups as having more than one
feeding problem or not.
2. Feeding habits 

The feeding habits such as the major texture of
food taken, the duration of time per meal, and fre-
quency of meals per day were recorded.  "Duration
of time per meal" was divided into two groups by
using the cut off point at 20 minutes. "Food texture"
was defined into two categories: milk / liquid / soft
food, and table food.

Assessment of Functional Status
The current functional status of the children

with CP was assessed by interviewing the parents
and examining the children.
1. Limb Involvement

Based on the involvement of the limbs, all chil-
dren with spastic CP were divided into two groups:
1) four-limb involvement -including all quadriplegic
children, and 2) two-limb involvement--including the
hemiplegic children and the diplegic children. 
2. Locomotion

Locomotion status was classified as wheelchair-
bound, household walker, or community walker.  A
household walker was defined as one who walked
inside the home, but required a wheelchair in other
settings.  A community walker was a child who
required a wheelchair only for mobility over long
distances.(8)

3. Communication ability
Communication ability was based on the child's

functional speaking ability and classified into two
groups: 1) voicing only or clear words but no sen-
tences and 2) understandable sentences. 
4. Dependence on feeding

We classified dependence on feeding into three
groups: 1) totally dependent on a caretaker, 2) par-
tially dependent (some help required), and 3) totally
independent in feeding.

Data analysis
The data was analyzed to determine the influ-

ences of the various factors, including medical con-
ditions, feeding characteristics, and functional abili-
ties, on the nutritional status. 

The univariate analyses were performed to iden-
tify which variables were predictors of undernutri-
tion.  Statistical significance was determined for cat-

egorical data using either the chi-square test or the
Fisher Exact test for expected number less than five.
The t test was used for determining the statistical sig-
nificance of continuous or ordinal data. Multivariate
analyses were performed using the logistic regres-
sion model to identify variables notably associated
with undernutrition.  All p values in this report were
2-tailed, and a p ≤ 0.05 was considered statistically
significant.

RESULTS

Table 1 illustrates the results of the anthropo-
metric measures of nutritional status for the children
with spastic CP.  As shown, 31 of the 75 children ful-
filled the criteria for undernutrition, and three of the
75 were overnourished.  Thirty-five of the 75 chil-
dren fell below the 10th percentile of the reference
data for "weight for age".  With regard to length for
age, 27 of the 75 children fell below the 10th per-
centile of the reference data.

When comparing the groups of children with
and without undernutrition based on the result of uni-
variate analysis, there were no significant differences
between the two groups with regard to age and gen-
der (Table 2).  Furthermore, there was no significant
association between undernutrition and seizure or
pneumonia history (Table 2).

Undernutrition was significantly associated with

Table 1. Classification of Anthropometric Measures of the
Study Population

Weight/Height Weight/Age Height/Age

<10th percentile 31 (41.30%) 35 (46.70%) 27 (36%)
10-90th percentile 41 (54.7%) 34 (45.30%) 45 (60%)

>90th percentile 3 (  4%) 6 (  8%) 3 (  4%)

Table 2. Demographic Characteristics and Medical Problems of
CP Children With Respect to the Presence of Undernutrition or
Not 

Undernutrition
No (N=44) Yes (N=31) p

Age (years) 4.09 2.19 3.36 2.52 0.184
Gender (F/M) 13 (46.4%)/31(66%) 15(53.6%)/16(34%) 0.097
Seizure 12 (27.3%) 15 (48.4%) 0.061
Pneumonia 14 (31.5%) 10 (32.3%) 0.968
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Table 3. Comparisons of Feeding Problems and Feeding Habits of CP Children With and Without Undernutrition
Undernutrition value p

No (N= 44) Yes (N= 31)
Choking 12 (44.4%) 15 (55.6%) 3.519 0.061
Drooling 21 (58.3%) 15 (41.7%) 0.003 0.955
Tongue thrust 6 (50%) 6 (50%) 0.443 0.506
Refusing food 7 (53.8%) 6 (46.2%) 0.151 0.698
Biting 7 (41.2%) 10 (58.8%) 2.773 0.096
Food loosing during eating 5 (33.3%) 10 (66.7%) 4.962 0.026*
Feeding problem ≥2 18 (47.4%) 20 (52.6%) 4.055 0.044*
Food Texture milk/liquid/soft food 13 (37.1%) 22 (62.9%) 12.538 0.000*

table food 31 (77.5%) 9 (22.5%)
Duration per meal (min.)

<20 8 (40%) 12 (60%) 3.466 0.063
≥20 34 (64.2%) 19 (35.8%)

Number or meal per day 4.65 1.02 4.85 1.08 0.401
*Significant difference between CP children with and without undernutrition. (*p < 0.05)

Table 4. Comparisons of Functional Status of CP Children With and Without Undernutrition
Undernutrition value p

No ( N= 44 ) Yes ( N=31 )
Limb involvement   

Quadriplegia 11 (39.3%) 17 (60.7%) 6.921 0.009*
Hemiplegia or diplegia 33 (70.2%) 14 (29.8%)

Locomotion 
Wheelchair-bound 25 (49%) 26 (51%) 6.117 0.013*
Household or community walker 19 (79.2%) 5 (20.8%)

Community ability
Voicing or word 16 (40%) 24 (60%) 12.317 0.000*
Sentences 28 (80%) 7 (20%)

Dependence on feeding
Total 15 (38.5%) 24 (61.5%) 13.679 0.000*
Partial or independent 29 (80.6%) 7 (19.4%)

*Significant difference between CP children with and without undernutrition (*p < 0.05).

Table 5. Logistic Regression Analyses of Patients' Characteristics Associated with Undernutrition

Characteristics Percentage of patients in category Percentage with undernutrition Adjusted odds ratio (95% CI) p

Female 37 53.6 8.409 (1.841 - 38.399) 0.006*
Male 63 34
Duration per meal

<20min 27 60 5.316 (1.276 - 22.153) 0.022*
≥20min 73 35.8

Feeding problem
≥2 51 52.6 5.037 (1.320 - 19.224) 0.018*
<2 49 29.7

Communication ability
Voicing/Word    53 60 9.557 (2.479 - 36.837) 0.001*

Sentences 47 20
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food loss during eating, having more than one feed-
ing problem, and variety of food texture ( p = 0.026,
0.044, < 0.001 respectively).  Any other single oral-
motor problem (except for food loss during eating)
and the number of meals per day did not differ sig-
nificantly between the children with and without
undernutrition (Table 3).

It was shown that undernutrition was signifi-
cantly associated with the following poor functional
status, including severe motor involvement, poor
locomotion ability, poor communication ability, and
dependence on caretaker for feeding ( p = 0.009,
0.013, < 0.001, < 0.001, respectively) (Table 4).

Table 5 showed the variables proved to be inde-
pendent predictors of undernutrition of children with
spastic CP through multivariate analysis.  The pre-
dictors were being a girl, duration per meal less than
20 minutes, having more than one feeding problems
and poor communication ability ( p = 0.006, 0.022,
0.018, 0.001, respectively).     

DISCUSSION

The assessment of nutritional status in our study
was accomplished by comparing various anthropo-
metric measurements with published standards.  In
children with spastic CP, comparisons based on
weight-for-age and length-for-age provide only a
rough estimation of the degree of undernutrition,
because of the in deviation in growth patterns.  Skin
fold thickness may lead to an overestimation of body
fatness because there may be more fat folds in para-
lyzed limbs of children with CP.  Weight-for-length
may be a more reliable indicator of current nutrition-
al status, and this measurement is relatively indepen-
dent of age and ethnic group.(20,21) In this study, we
used the weight-for-length method to assess the indi-
vidual nutritional status of children with CP.

Accurate measurements of height or length in
children with joint contractures or scoliosis are often
difficult to obtain.  Recent studies have indicated that
limb length (including upper-arm length, tibial
length, and knee height) provide an estimation of
stature in these children.(8,15,22) We used the formula
based on knee height, according to the description of
Stevenson,(15) as an alternative measurement to esti-
mate the length for the children with severe involve-
ment.  We chose this method because the data that
was derived from a study of 211 CP children, age

from birth to 12 years, was compatible with the age
range of the children in our study group.  In addition,
this was a quick, reliable method that easily applied
to our study. 

There is no universally accepted anthropometric
diagnostic criteria for measuring the nutritional sta-
tus in children with cerebral palsy.  Brizee et al. sug-
gested that children with weight-for-height below the
10th percentile and above the 90th percentile were of
concern.(23) Johnson and Maeda defined CP children
with a weight-to-height ratio between the 5th and
10th or 90th and 95th percentile on the NCHS
growth charts as being "at nutritional risk", and those
with a weight-to-height ratio of less than the 5th or
above the 95th percentile as having "poor nutritional
status".(24) Pinyerd suggested the optimal "weight-
for-length ratio" for each child with CP should be
equated with a point that falls within the 10th to 75th
percentiles on the NCHS graphs.(21) Krick et al. sug-
gested that the ideal body weight for children with
quadriplegic cerebral palsy was at the 10th percentile
weight-for-height on the NCHS charts.(25) Shapior
chose the 10th percentile weight-for-height as the
outcome criteria, since this would indicate that the
children were adequately nourished.(10) Based on the
above references, we defined "undernutrition" as the
values of "weight-for-length" below the 10th per-
centile, while those above the 90th percentile were
defined as "overnutrition".  According the definition,
we found that undernutrition was a very common
problem for children with spastic CP (31 of the 75
children fulfilled the criteria for undernutrition).
This result is similar to that of previous research on
representative material for children with various
types of CP.(13,24,26,27)

We found that girls with spastic CP were signifi-
cantly associated with undernutrition.  No similar
results have been presented before.  This phenome-
non may be explained by the traditional concept of
Taiwanese parents.  Most of the parents, especially in
Southern Taiwan, have the idea that their sons belong
to them forever; the daughters will belong to others
after they growing up, so they take care of their sons
more carefully than they take care of their daughters. 

When estimating the effect of medical problems
on the nutritional status, we found that neither
seizure nor pneumonia correlated with nutritional
status.  This finding is consistent with the results by
Kurowski et al, who have suggested that the use of
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common anticonvulsant medication was not a con-
founding variable in the growth of children with CP.(28)

When focusing on the relationship between the
feeding problems and nutritional status, in 1993,
Stallings et al. found that children with more than
one feeding problem were more likely to have low
adipose stores in the triceps muscle.(8) The poor
nutritional status of those children was probably due
to inadequate food intake because of severe feeding
problems.  Our results showed that the children who
had more than one feeding problem were at higher
risk of undernutrition than those who had none or
just one feeding problem.  In addition, no single
feeding problem had a significant influence on the
nutritional status of the children with spastic CP.
Based on our results, it was observed that the severi-
ty of the feeding problems had negative effects on
the nutritional status of children with spastic CP.
When the children had only a mild feeding problem,
the caretaker might use some compensatory ways to
maintain an adequate dietary intake for the children. 

Some researchers suggested that offering food
of low caloric density might have been the cause of
failure to thrive in the young CP children.(29) We
found that the majority of the undernourished chil-
dren were fed proprietary baby foods, which have
relatively low caloric density.(30) In our study, chil-
dren who were fed liquid or soft food tended to be
undernourished, but this factor may be related to
other factors such as duration of per meal.  The con-
sistency of the food did not show significant influ-
ence on the nutritional status in the multivariate
analysis.  We also found that the frequency of meals
offered was not associated with nutritional status, but
the undernourished children took significantly short-
er duration of time during meal.  The children who
took less than 20 minutes per meal were significantly
associated with undernutrition status.  In a study that
correlated the feeding efficiency in children with
severe CP and growth failure, researchers found that
these children required 2 to 12 times longer to chew
and swallow a standard amount of pureed food and 1
to 15 times longer to chew solid food than did the
weight-matched control subjects.(2) It appears that
long feeding time is required for children with CP to
meet their nutritional needs.

In addition to the feeding problems and feeding
habits, several researchers mentioned that the func-
tional status may influence the nutritional status of

CP.(8,26,31,32) Stallings et al. noted that there were no
differences in the growth and nutritional status
patterns of children with diplegic CP compared with
those with hemiplegia.(31) However, there were dif-
ferences between the groups of children with quadri-
plegic CP and those with diplegia or hemiplegia.(8)

In our study, the differences between the groups of
children with quadriplegic CP and those with diple-
gia or hemiplegia were significant in the univariate
analysis but not in the multivariate analysis.  The
notable association between limbs involving and
nutrition status may be related to the severity of
feeding problems.  We also noted that those who had
poor ambulatory skills, poor communication skills,
or were more dependent on a caretaker for feeding
tended to be undernourished, but only the poor com-
munication ability was an independent predictor.
These phenomena can be explained by the following.
The three factors were closely related, most children
with poor communication skills also had poor ambu-
latory skills and  were more dependent on a caretaker
for feeding.  The children with communication diffi-
culties may not be able to ask for food or express
their preferences(32).  Although the disabled children
cannot forage for food in the kitchen or buy snacks at
the sweet shop as readily as able-bodied children,
they can get help if they can express clearly.

In view of the methodological problems that are
inherent in the study of spastic CP children, our
results need to be interpreted with caution. First, the
children with spastic CP in this study were not nec-
essarily representative of the general spastic CP pop-
ulation in Taiwan.  However, the present data can be
considered representative of those children with
spastic CP served by large interdisciplinary referral
centers.  Second, the prevalence of undernutrition
was dependent on the criteria used.  Because there
are no universally accepted anthropometric diagnos-
tic criteria for measuring the nutritional status in
children with CP, it should be cautioned to compare
the results of this study with others using different
definitions. 
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