
O
a
l

S
s
P
a
f
F
c

R
s
w
a
A
a
m

C
a
s
o

C
C
d
h
c
d
g
a

a
f

C
C
G
H

Growth and Nutritional Status in Residential Center Versus Home-Living
Children and Adolescents with Quadriplegic Cerebral Palsy
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STEVEN J. BACHRACH, MD, AND RICHARD D. STEVENSON, MD

bjective To describe growth and nutrition in nonambulatory youth (<19 years of
ge) with cerebral palsy (CP) living in residential centers compared with similar youth
iving at home.

tudy design A multicenter, cross-sectional, single observational assessment of 75
ubjects living in a residential care facility compared with 205 subjects living at home.
rimary outcome measures included anthropometric measures of height, weight, triceps,
nd subscapular skinfolds, and mid-upper-arm muscle area. Z scores were calculated
rom reference values for healthy children. Age, use of a feeding tube, and Gross Motor
unctional Classification System (GMFCS) level were included as important
onfounders.

esults Use of a feeding tube was associated with higher skinfold Z scores, and a
ignificantly higher percentage of the residential subjects had a feeding tube. Height,
eight, and arm-muscle area Z scores all diverged (negatively) from reference values with
ge, and the residential subjects were on average older than the home-living subjects.
fter controlling for age, GMFCS level and use of a feeding tube, residential living was
ssociated with significantly greater weight, height, skinfold thicknesses, and mid-arm
uscle area Z scores.

onclusion Poor growth and nutrition in children with CP is a prevalent, important,
nd complex problem. Although factors intrinsic to the condition of CP likely play a
ignificant role, it is also clear that environmental factors, including the living situation
f the child, can have an impact. (J Pediatr 2007;151:161-6)

hildren with cerebral palsy (CP) frequently grow poorly, compared with their
healthy peers.1 In general, children with CP are smaller, lighter, and thinner with
notably less body fat, muscle mass, and bone mass. Moreover, as children with

P age, their growth diverges further and further from that of healthy children. These
ifferences in growth are most evident in those children with severe CP, who may also
ave many associated impairments (eg, seizures, mental retardation) and secondary
onditions (eg, malnutrition, gastroesophageal reflux, osteoporosis).2 Moreover, these
ifferences in growth are important because there is increasing evidence that improved
rowth is associated with improved health and quality of life for children with severe CP
nd their caregivers.1,3-6

The reasons for “poor” growth in children with severe CP are likely multifactorial
nd include nutritional, hormonal, physical, and neurological causes.7-9 Some of these
actors are likely related to disease severity and may not be modifiable. However, other
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actors impacting growth could be secondary health condi-
ions, such as malnutrition, and may be amenable to inter-
ention.8,9 Most children with severe CP live at home with a
arent or guardian in community with their siblings and
eighbors, attending local public schools. Because this social
rrangement is typical of children without CP, it is widely
elieved to be the least restrictive socially and educationally
nd, therefore, most desirable for children with severe CP.

The care of children with severe CP and related asso-
iated impairments and secondary conditions is challenging.
hese children require significant resources, in terms of time,

xpertise, and money, to maintain health.2 Some families
hoose to place their children in a residential care facility,
sually because they feel unable to adequately provide for their
eeds.

The North American Growth in Cerebral Palsy
roject (NAGCePP) has studied multiple aspects of
rowth and nutrition in children with moderate and severe
P. This current study compares the physical growth of

hildren with severe CP living at home with similar chil-
ren living in residential care. Our research objectives were
o describe any differences in growth between the two
roups of children and to evaluate potential causes for these
ifferences to guide future studies and possible interven-
ions. Because these children were residing in necessarily
ifferent environments, we hoped that we might find clues
o modifiable factors that could be exploited to improve
rowth and health. We expected to find that children in
esidential care were more severely impaired and conse-
uently grew more poorly.

METHODS
The initial NAGCePP study was a cross-sectional, sin-

le observational assessment of more than 250 children and
dolescents with moderate to severe CP living at home. Six
enters from the United States and Canada participated.
ubjects were recruited from predefined geographic regions,
nd they were identified through multiple means including
eview of hospital records, special education teachers in the
chool systems, newspaper notices, pediatric physical thera-
ists, wheelchair equipment vendors, United Cerebral Palsy
ewsletters, and public service announcements. The goal of
he identification and recruitment process was to provide a
roadly based, representative cohort. Additional details re-
arding this initial NAGCePP study have been previously
ublished.2

Three residential centers have since joined in the
AGCePP research group: the Hattie Larlham Center for
hildren with Disabilities (HL) in Mantua, Ohio; the Chil-
ren’s Care Hospital and School (CCHS) in Sioux Falls,
outh Dakota; and the HMS School for Children with Ce-
ebral Palsy (HMS) in Philadelphia, Pennsylvania. The HL
nd CCHS facilities provide full-time, year-round residential
are for persons with quadriplegic CP. The HMS facility
rovides full-time residential care during the school year, with

he children living at home for 10 to 12 weeks during the v

62 Henderson et al
ummer. All three residential centers have physician, physical
herapy, respiratory therapy, and nutrition services on site in
ddition to “24/7” nursing services. This study was approved
y the institutional review board at all participating sites, and
nformed consent obtained for all subjects.

As detailed elsewhere,2 the NAGCePP evaluation in-
luded a complete medical and surgical history, Tanner stag-
ng of pubertal maturation,10 the Children’s Health Status

uestionnaire,11 and a detailed anthropometric assessment.
ypically, a reliable direct measure of height cannot be ob-

ained in a child with severe CP because of contractures,
coliosis, and/or an inability to stand erect. Height was,
herefore, estimated by a measurement of knee height.12

ultiple other anthropometric measurements were obtained
ncluding upper-arm length, mid-upper-arm circumference,
riceps skinfold thickness, and subscapular skinfold thickness.

To help assure uniformity across enrollment sites, the
esearch assistants from all NAGCePP sites received central-
zed training in anthropometry to predetermined reliability
tandards at the University of Virginia. In addition, the re-
earch assistant from one of the initial NAGCePP enrollment
ites was sent to the HL and CCHS sites to assist the local
esearch assistants with their evaluations, which at each site
ere all completed over a 1- to 2-week time period.

esidential Center Subjects
A total of 125 subjects were enrolled at the three resi-

ential centers (HL, 87 subjects; CCHS, 21 subjects; HMS,
7 subjects) from a total of 161 residents who had quadriple-
ic CP, no identified chromosomal abnormality, and no un-
elated medical or physical disorder. Informed consent to
articipate could not be obtained for the 36 potentially eligi-
le subjects who were not enrolled. Two of the 125 subjects
ere Gross Motor Function Classification System (GMFCS)

evel 3.13 Given this small number of moderately involved
ubjects, it was elected to limit the analyses to GMFCS level
and 5 subjects. There was no age restriction in the residen-

ial center study, but the initial NAGCePP study had an
pper age limit of 18 years of age for enrollment. Thus to
acilitate comparisons between the two groups, this report
ocuses on the 75 residential center subjects who were �19
ears of age with GMFCS level 4 or 5 CP.

ome-living Subjects
To date there have been a total of 273 subjects enrolled

t the initial six sites, and all were �19 years of age and living
t home. There were 205 subjects included in the analyses
fter exclusion of 68 GMFCS level 3 subjects. Some of these
ubjects have been longitudinally evaluated, but only the ini-
ial evaluation was utilized in these analyses. Descriptive data
n the residential center and home-living groups are summa-
ized in Table I. The prevalence of feeding tubes was higher
n the residential center group than the home-living group.
he residential center subjects were also more severely in-
olved (GMFCS level), more commonly on seizure medica-
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ion, and slightly older. The main racial difference was a
ignificant number of Native American Indians in the South
akota residential center.

tatistical Analyses
The primary growth and nutritional status outcome

easures are height, weight, subscapular and triceps skin-
olds, and upper-arm muscle area. Height is estimated from
easures of knee height as previously described.12 Upper-arm
uscle area is calculated from measures of the upper-arm

ircumference and triceps skinfold thickness. All five outcome
easures were converted for subsequent analyses to age and

ex normalized Z scores based on reference data for health
hildren.14,15

As a first step, the residential center and home-living
ubjects were compared for each of the five anthropometric
utcome variables with simple univariate analyses. Multiple
inear regression analyses of the combined data sets was then
tilized to assess the relationship between each of these out-
ome variables and other potentially significant factors includ-
ng living situation (residential center versus home-living),
ge, GMFCS level, and whether the subject was tube fed. In
uilding the statistical regression models variables with
values �.15 were excluded. The data from both groups of

ubjects were combined for the multiple regression analyses
ecause this allowed us to account for key confounders while
valuating the primary variable of interest, which was the

able I. Comparisons of demographic and clinical
haracteristics of residential and home-living subjects

Residential
center

Home-
living

ge
Mean � SE 13.0 � 0.5 9.5 � 0.3 P � .0001

2-7 y 8 10% 93 45%
8-13 y 32 43% 74 36%
14-18 y 35 47% 38 19%

ex
Male 43 57% 110 54% P � .5
Female 32 43% 95 46%

ace
White 57 76% 143 70% P � .0004
African-American 4 5% 49 24%
Other 14 19% 13 6%
MFCS level
Level 4 8 11% 65 32% P � .0004
Level 5 67 89% 140 68%

ube feeding
Yes 53 71% 75 36% P � .0001
No 22 29% 130 64%
n anticonvulsants
Yes 50 67% 105 51% P � 0.02
No 25 33% 100 49%

values are based on �2 tests.
ubject’s living situation. s

rowth and Nutritional Status in Residential Center Versus Home-Livin
RESULTS
Children in residential care grew differently than chil-

ren living at home (Table II). Height Z scores of the
esidential center subjects were lower than the home-living
roup, but weight and upper-arm muscle area Z scores did
ot differ. Conversely, residential center subjects had greater
kinfold Z scores. It is important to note that these simple
nivariate comparisons do not take into consideration other
otentially relevant confounding factors (eg, severity and
eeding tubes) that were clearly different in the two groups.

To better understand the various factors influencing
rowth, data from residential-living and home-living subjects
ere combined to examine the associations with other factors

ncluding age, severity of involvement (GMFCS level), and
se of a feeding tube (Table III). Age, GMFCS level, and
ube feeding are important determinates of growth and nu-
rition measures.1,7 However, the impact of these factors on
rowth and nutrition varied between the different measures.
or example, tube feedings had the greatest effect on triceps
nd subscapular skinfold Z scores, and advancing age was
ssociated most strongly with declining height, weight, and
pper-arm muscle area Z scores. Again, it is important to
ote that Table III presents only simple univariate compari-
ons, each done without consideration of the other potentially
elevant confounding factors.

Living situation, age, GMFCS level, and use of a feed-
ng tube are shown in Tables II and III to all be potentially
mportant factors that may impact on the various growth and
utrition outcome measures. To more reliably evaluate the
ata it is important to utilize multiple regression analyses that
imultaneously evaluate the effects of these potentially rele-
ant factors. Multiple regression analyses provide a predictive
quation that is a weighted sum of the various contributing
actors, with the more influential factors being more heavily
eighted. The “weighting” terms, or variable coefficients,

rom the multiple regression analysis done on each growth
nd nutrition outcome measure are summarized in Table IV.

Of particular note is that the living situation of the
ubjects was the factor most consistently and strongly related
o the various outcome measures (Table IV). This was also
rue when the analyses were re-run on the subset of just those

able II. Comparisons of growth and nutrition
easures in residential and home-living subjects

Z scores
Residential

center
Home-
living

eight �3.17 � 0.22 �2.68 � 0.12 P � .047
eight �2.20 � 0.30 �2.43 � 0.17 P � .4

riceps skinfold 0.10 � 0.13 �0.54 � 0.09 P � .0001
ubscapular skinfold 0.47 � 0.14 0.16 � 0.11 P � .09
pper-arm muscle
area

�0.65 � 0.16 �0.69 � 0.11 P � .8

ean Z scores � standard error; P values are based on Student’s t tests.
ote that these are simple univariate comparisons that do not take into consideration

ther important variables such as age, GMFC level, and tube feeding.
ubjects who were not tube fed, or just those subjects who

g Children and Adolescents with Quadriplegic Cerebral Palsy 163
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ere GMFCS level 5. Residential center living had a signif-
cant positive correlation with growth and nutrition, indepen-
ent of age, severity, and tube feeding. Additional multiple
egression analyses showed that sex, race, and use of anticon-
ulsants were not significant independent factors.

DISCUSSION
Diminished growth and poor nutrition are prevalent,

omplex problems in children and adolescents with quadri-
legic CP.3,8 The purpose of this study was to compare
hildren with severe CP living in residential care with a
imilar group living at home, and to our knowledge this is the
rst such study to do so. Our results show that the two groups
ere different with respect to their growth and nutritional

tatus. As a group, the children living in residential care had

able III. The effects of differences in age, severity o
f growth and nutrition

Growth and nu

Height Weight Tricep

ge
2-10 years �1.9 � 0.1 �1.7 � 0.2 �0.
11-18 years �3.8 � 0.1 �3.1 � 0.2 �0.

P � .0001 P � .0001 P �
MFCS level
Level 4 �2.6 � 0.2 �1.9 � 0.3 �0.
Level 5 �2.9 � 0.1 �2.5 � 0.2 �0.

P � 0.2 P � .04 P �
ube feeding
Yes �2.8 � 0.2 �2.2 � 0.2 �0.
No �2.8 � 0.1 �2.5 � 0.2 �0.

P � 0.8 P � .2 P �

ean Z scores � standard error; P values are based on Student’s t tests.
ote that these are simple univariate comparisons looking at only age or GMFCS leve

able IV. Multiple regression models to predict varia

Regression analyses

Height Z Weight Z Triceps

iving situation 0.54 � 0.19 1.05 � 0.33 0.4
ge �0.27 � 0.17 �0.20 � 0.03 0.0
MFCS level not significant �0.70 � 0.32 �0.2
eeding tube �0.27 � 0.16 not significant 0.5
ntercept 0.01 � 0.20 �0.07 � 0.40 �0.7
2 0.50 0.15

he residential and home-living subjects are combined into a single data set for regressio
he relevant variables. Categorical variables such as living situation, GMFCS level, and
; residential center living, GMFCS level 5, yes feeding tube � 1.
he format for the resulting equations is as follows: predicted Z score � intercept � (
r 1) � (feeding tube coefficient � 0 or 1).
or example, predicted triceps skinfold Z score for a child living at home, 10 years of age,
) � (0.03 � 10) � (�0.29 � 1) � (0.50 � 1).
ote that factors with the largest coefficients, either positive or negative, have the larges
ade a significant contribution to the multiple regression model’s prediction of varianc
ower height Z scores, similar weight and muscle mass F

64 Henderson et al
scores, and were “fatter,” with greater triceps and subscap-
lar skinfold Z scores compared with those living at home. It
s important to note that there appears to be direct clinical
elevance to these anthropometric measures. In children with
oderate and severe CP “better” growth and nutrition mea-

ures have been associated with decreased health-care utiliza-
ion and increased social participation.1,3

Although the residential and home-living groups were
atched in that all subjects had “quadriplegic CP,” there were

till important differences. Therefore, one must go beyond
imple comparisons and utilize multiple regression analyses
o simultaneously examine the relative impact of functional
everity (GMFCS level), tube feeding, age, and living
ituation on the various measures of growth and nutrition.
t first glance these analyses appear to change the findings.

rebral palsy, and use of feeding tubes on measures

n Z scores (all subjects combined)

nfold Subscapular skinfold Arm muscle area

.1 0.5 � 0.1 �0.3 � 0.1

.1 �0.1 � 0.1 �1.1 � 0.1
P � .001 P � .0001

.2 0.2 � 0.1 �0.4 � 0.2

.1 0.3 � 0.1 �0.8 � 0.1
P � .6 P � .1

.1 0.6 � 0.1 �0.6 � 0.1

.1 0 � 0.2 �0.7 � 0.1
6 P � .0009 P � .5

be feeding without consideration of the other variables or living situation.

in measures of growth and nutrition

iable coefficients (� standard error)

fold Z Subscapular skinfold Z Arm muscle area Z

.19 0.34 � 0.22 0.49 � 0.22

.02 �0.06 � 0.02 �0.11 � 0.02

.17 not significant �0.36 � 0.21

.16 0.48 � 0.18 not significant

.22 0.53 � 0.23 0.62 � 0.26
0.07 0.11

ses. These analyses generate equations that simultaneously take into consideration all of
eding are assigned a value of 0 or 1: home-living, GMFCS level 4, no feeding tube �

situation coefficient � 0 or 1) � (age coefficient � age) � (GMFCS coefficient � 0

CS level 5, with a feeding tube is: predicted triceps skinfold Z score � �0.77 � (0.44 �

t on the outcome variable. For all measures of growth and nutrition the living situation
utcome.
f ce

tritio

s ski

5 � 0
3 � 0

.2

4 � 0
4 � 0

.9

1 � 0
6 � 0

.000
nce

var

skin

4 � 0
3 � 0
9 � 0
0 � 0
7 � 0
0.09

n analy
tube fe

living

GMF
or example, Table II shows that height Z scores were on
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verage lower in residential than home-living subjects.
ut, the residential center subjects were older, more se-
erely involved, and more likely to have a feeding tube; all
actors likely to influence a child’s height Z score. When
he data were appropriately analyzed, with all these factors
ncluded, residential living was in fact associated with
igher height Z scores. In other words, given equal age,
MFCS level and use of a feeding tube, children in

esidential care had greater height Z scores than children
iving at home.

The key finding of this study is that the multiple re-
ression analyses showed residential living to have a signifi-
ant positive association with all growth and nutrition vari-
bles compared with living at home. In fact, for most outcome
easures the living situation proved to be a more important

actor than either GMFCS level or use of a feeding tube.
lthough the analyses did control for differences in GMFCS

evel, age, and use of a feeding tube, there are perhaps other
nrecognized differences between the residential and home-
iving groups. For example, the GMFCS classification is
ased solely on mobility, and therefore may not capture other
spects of “severity.” However, any unrecognized “severity”
actor is more likely to negatively, rather than positively, bias
he residential group.

The reasons for the consistent positive association of
esidential care with growth and nutrition are not clear. One
otential factor relates to use of feeding tubes. The statistical
nalyses comparing groups did control for whether a child had
feeding tube, but they could not control for possible differ-

nces in how that tube was utilized. Management of tube
eedings can be complicated, and perhaps in general this is
imply done better or more consistently in a residential care
etting. For example, families typically utilize feeding tubes to
upplement oral feedings, and they may significantly overes-
imate actual oral intake.16 Tube feedings by families may also
e influenced by concerns over the child becoming “too large”
o handle, which is less likely to be of concern in a residential
etting.

Another potential explanation for the improved mea-
ures in residential center subjects may relate to the recent
bservation that better growth and nutrition in this popula-
ion is associated with better health.1 Likely the “cause and
ffect” connection works both ways, meaning better health
esults in better growth and nutrition, and better growth and
utrition results in better health. For persons with particularly
omplex health-care needs, the close proximity of physician,
ursing, physical therapy, respiratory therapy, and nutrition
ervices in the residential care centers may be of a quantity and
uality that are difficult to obtain in a personal home setting.
ny and all of these services may positively impact on the

eciprocal relationship between a child’s health and a child’s
rowth and nutrition. These potential explanations are spec-
lative, but the differences in measures of growth and nutri-
ion associated with living situation were robust and demand

urther investigations.

e
w

rowth and Nutritional Status in Residential Center Versus Home-Livin
The analyses also showed that GMFCS level and tube
eeding were independently associated with various growth
nd nutrition variables after controlling for other relevant
actors. This is consistent with previous reports suggesting
hat both factors intrinsic to CP and extrinsic factors contrib-
te to poor growth and nutrition.8,17,18 Tube feeding could
eflect severity; thus, the negative association between tube
eeding and height Z score in this study may reflect the
reviously reported correlation between severity and poor

inear growth, independent of nutritional status.7 Also per-
aps tube feedings were simply initiated “too late,” with early
oor nutrition causing deficits in growth that are not com-
letely recouped. Advancing age was negatively associated
ith height, weight, and arm-muscle area Z scores but not

kinfold Z scores. This confirms that as children with CP age,
heir growth diverges further from that of healthy children.

This study does not address the broader, more impor-
ant question of whether the better growth and nutrition
easures were in fact associated with better child health.
iven the simplistic design of this study, the broad variety of

ome and even residential living situations, and the many
ays a child may be “better,” this study also can not address

he complex issue of whether one type of living situation is
better” than another for medically complex children with
evere CP. However, this study does raise intriguing questions
bout the nature of the differences in care experienced by
hildren living in residential care versus those living at home,
ow these differences in care impact on growth, and whether
hese differences also lead to differences in health outcomes.
urther research with the goal of developing guidelines for
utritional and growth management of children with severe
P is warranted. Further work should focus on care practices

hat improve health and well-being along with growth, and
he necessary resources needed to provide that care. Improved
rowth is a laudable goal only if it is associated with improve-
ents in function, health, social participation, and overall

uality of life.
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