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Secondary Sexual Characteristics in Children With Cerebral Palsy and
Moderate to Severe Motor Impairment: A Cross-Sectional Survey

Gordon Worley, MD*; Christine M. Houlihan, MD%; Marcia E. Herman-Giddens, PA, DrPHS;
Maureen E. O’Donnell, MD|; Mark Conaway, PhDY[; Virginia A. Stallings, MD#;
W. Cameron Chumlea, PhD**; Richard C. Henderson, MD, PhD1t; Ellen B. Fung, PhDSS;
Peter L. Rosenbaum, MD|||; Lisa Samson-Fang, MD{{; Gregory S. Liptak, MD##; Randy E. Calvert, MSc***;
and Richard D. Stevenson, MD{{f

ABSTRACT. Objectives. To compare the develop-
ment of secondary sexual characteristics in children with
cerebral palsy (CP) of moderate to severe motor impair-
ment to children in the general population and to relate
their sexual maturation to a measure of their body fat.
Methods. A multicenter, cross-sectional survey of 207
children who were 3 to 18 years of age and had CP of
moderate to severe motor impairment (Gross Motor
Functional Classification System [GMFCS] levels 3, 4,
and 5) was conducted at 6 geographic sites; attempts were
made to identify all eligible children through multiple
methods and enroll them in the study. Trained research
assistants performed anthropometric measurements, in-
cluding subscapular skinfold thickness, determined GM-
FCS level, and assessed sexual maturation by Tanner
stage. Secondary sexual characteristics were compared
with the general population of children using cross-sec-
tional surveys of the American Academy of Pediatrics
Pediatric Research in Office Settings network and of the
National Center for Health Statistics National Health and
Nutrition Examination Survey (NHANES) III. Girls were
classified as having begun puberty when they were at
Tanner stage 2 or greater for pubic hair and breast devel-
opment and to have completed puberty when they were
at Tanner stage 4 or greater for pubic hair and breast
development. Boys were classified as having begun pu-
berty when they were at Tanner stage 2 or greater for
pubic hair and genital development and to have com-
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pleted puberty when they were at Tanner stage 4 or
greater for pubic hair and genital development.

Results. The mean age (standard deviation) of sub-
jects was 9.6 (4.6) years. Of the 207 subjects, 71% were
white, 21% were black, and 8% were of other races; 59%
were boys, and 41% were girls. Girls with CP (n = 84)
entered puberty earlier than did boys with CP (n = 123).
In contrast, girls with CP tended to complete puberty
later than did boys with CP. Black boys and girls with CP
(n = 43) entered puberty earlier than did white boys and
girls with CP (n = 147). No difference between races was
found in completion of puberty. Only for white children
with CP were there a sufficient number of subjects for
comparisons of sexual maturation to race-matched chil-
dren in the general population, using data from the
American Academy of Pediatrics Pediatric Research in
Office Settings network and the NHANES III study.
White girls with CP initiated pubic hair development
(Tanner stage 2 or greater) earlier than in the general
population, but the age of onset of breast development
was similar to the general population, although the age
distribution was different. A greater proportion of white
girls with CP had early onset of breast development
(Tanner stage 2 or greater), and a greater proportion had
delayed onset of breast development than in the general
population. White girls with CP completed breast devel-
opment later than in the general population but not
pubic hair development. For white boys ages 8 to 18 years
with CP (n = 75), pubic hair and genital development
both began earlier than in the general population, but
genital development was completed later. The estimated
median age of menarche for white girls with CP was 14.0
years, which was 1.3 years later (95% confidence interval:
0.7-2.3) than for the general population (estimated me-
dian age: 12.8 years; NHANES III). Relationships be-
tween sexual maturation and nutritional state, as as-
sessed by subscapular skinfold thickness z score, were
determined separately in white boys and in white girls
with CP, between the ages of 8 and 18 years. For white
girls with CP, more advanced sexual maturation was
associated with more body fat, adjusting for age and
GMEFCS level (Spearman partial correlation: 0.41). In con-
trast, for white boys with CP, the opposite relationship
pertained: more advanced sexual maturation was associ-
ated with less body fat (—0.29).

Conclusions. The pattern of sexual maturation in chil-
dren with CP of moderate to severe motor impairment
differs from that of children in the general population.
Puberty begins earlier but ends later in white children
with CP, compared with white children in the general
population. In addition, menarche occurs later in white
girls with CP. More advanced sexual maturation was
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associated with more body fat in girls but less body fat in
boys. Pediatrics 2002;110:897-902; cerebral palsy, puberty,
precocious puberty, sexual maturation, secondary sexual
characteristics, Tanner staging, nutritional status.

ABBREVIATIONS. CP, cerebral palsy; SSC, secondary sexual
characteristics; NAGCPP, North American Growth in Cerebral
Palsy Project; GMFCS, Gross Motor Functional Classification Sys-
tem; AAP PROS, American Academy of Pediatrics, Pediatric Re-
search in Office Settings; SSFT, subscapular skinfold thickness;
NHANES III, National Health and Nutrition Examination Survey
III; CI, confidence interval.

erebral palsy (CP) is defined as a “group of

nonprogressive but often changing motor im-

pairment syndromes secondary to lesions or
anomalies of the brain arising in the early stages of
its development.”! It is a common disability in child-
hood, occurring with a prevalence of 1 to 3 per 1000
live births.?=® The concept that CP may be associated
with abnormal sexual maturation has been sug-
gested but has not been established. Children with
CP have been included in case series of children with
precocious puberty.®” In a cohort of children who
had a history of neonatal encephalopathy and were
followed until 8 years of age, 26 of 161 girls received
a diagnosis of CP, 3 of whom (12%) began puberty
before 8 years of age, compared with none of the 260
boys with neonatal encephalopathy.® The epidemiol-
ogy of the development of secondary sexual charac-
teristics (SSC) in children with CP has not been in-
vestigated previously.

Sexual maturation in children with CP needs to be
studied for several reasons. First, it has not been
established that sexual maturation proceeds differ-
ently in children and adolescents with CP than in the
general population. Second, possible relationships
between nutritional state and sexual maturation
have not been studied in children with CP, important
because undernutrition is common in this popula-
tion. Finally, parents of children with CP often raise
concerns about progression through puberty.

The North American Growth in Cerebral Palsy
Project (NAGCPP) is a research consortium orga-
nized to address scientifically the lack of data about
relationships among nutritional state and growth,
sexual maturation, and health status of children with
CP. As part of a cross-sectional study, sexual matu-
ration was assessed in children with CP for the fol-
lowing purposes: 1) to describe the development of
SSC in children with CP; 2) to compare sexual mat-
uration of children with CP to the general popula-
tion; and 3) to relate the development of SSC in
children with CP to nutritional state, as assessed by
an anthropometric measure of body fat.

METHODS

Research Consortium

The NAGCPP was established in 1996, with the main, coordi-
nating site at the University of Virginia (R.D.S., principal investi-
gator). There are 5 other research sites: Duke University and the
University of North Carolina (2 centers, functioning together as a
single site), Children’s Hospital of Philadelphia, the University of
Rochester, McMaster University (Ontario), and the University of
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British Columbia (Vancouver). The institutional review board of
each participating center approved the study.

Subjects

Each of the 6 sites recruited subjects from a defined geograph-
ical area with a population of at least 500 000 people. Children
were identified by multiple methods that included recruiting
through clinics, parent-to-parent organizations, local CP associa-
tions, school systems, public service announcements, and service
and therapy providers. Newspaper and radio advertisements
were also used for recruitment. Once identified, parents were
contacted by mail and asked whether they would allow their child
to participate in the study. Parents who agreed were interviewed
by telephone to determine the eligibility of their child. Medical
records were not reviewed. Eligibility criteria were 1) confirmed
clinical diagnosis of CP; 2) age 2 to 18 years; 3) no genetic,
metabolic, or other disease that might impair growth; 4) no history
of neurologic deterioration; and 5) motor impairment. The sever-
ity of motor impairment of subjects was classified at each site
using the Gross Motor Functional Classification System [GM-
FCS]°:10 by research assistants who used an algorithm devised by
a developer of the system (P.R.), who was also an NAGCPP
investigator. Only a small portion of children who met eligibility
criteria could be recruited for the study. Therefore, our study
population must be considered to be a convenience sample.

The GMFCS was designed to classify motor function of chil-
dren with CP from infancy through 12 years of age. There are 5
levels that are based on differences across ages in self-initiated
movement, with particular emphasis on sitting and walking. For
each level, functional abilities and limitations are presented by
ages (expectations for before the second birthday, for between the
second and fourth birthdays, for between the fourth and sixth
birthdays, and for between the sixth and thirteenth birthdays). The
levels are defined by the highest level of mobility that a child will
reach between 6 and 12 years of age. Level 3 (moderate motor
impairment) is “walks with assistive mobility devices; limitations
walking outdoors and in the community.” Level 4 (moderately
severe motor impairment) is “self-mobility with limitations; chil-
dren are transported or use power mobility outdoors or in the
community.” Level 5 (severe motor impairment) is “self-mobility
is severely limited even with use of assistive technology.” We
decided to study only subjects with CP associated with moderate
to severe motor impairment, as defined by the GMFCS (levels 3, 4,
and 5) because undernutrition is more frequent in this group than
in less severely impaired subjects.

Of the 669 children who were identified and their parents were
contacted by telephone, 630 had CP. Of these, 479 met the motor
inclusion criterion and 345 met the age criterion. After exclusions
(based on the eligibility criteria), 329 children remained, 292 of
whom lived within the boundaries of the defined geographical
regions that made up the population base. Informed consent was
obtained from parents or legal guardians. A total of 235 children
were enrolled and measured and their parents interviewed. Of the
235 children enrolled, 207 had their sexual maturation assessed by
Tanner stage; these children composed the study population.

Procedures

Research assistants were trained together in 1998 in the assess-
ment of sexual maturation by one of the authors (M.E.H-G.), who
was also a principal investigator of the American Academy of
Pediatrics, Pediatric Research in Office Settings (AAP PROS) net-
work study of sexual maturation in girls.!! Pubertal staging crite-
ria and definitions used were the 5 stages of pubic hair growth,
breast development, and genital development described by Mar-
shall and Tanner,'?!3 known as Tanner staging. Training materials
prepared for the study were composed of text, photographs, and
visual aids for both girls and boys. After training, research assis-
tants were required to stage accurately 12 photographs of SSC for
both boys and girls with 100% accuracy, similarly to AAP PROS
network study for girls.!!

Research assistants were also trained together to perform stan-
dard anthropometric measurements, using standard tech-
niques.'#15 Intra- and interobserver reliability was established.
Among the measurements obtained was subscapular skinfold
thickness (SSFT). All measurements were obtained in duplicate
with the average used for analyses. Subjects were measured in
1998.
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Data Analyses

After data entry, discrepant or out-of-range measurements
were identified by computer programs written for the purpose.
For comparisons of the development of SSC of children with CP
with the general population, 2 data sets were used: 1) for girls ages
3 to 12 years, the AAP PROS network study of sexual maturation
was used!!; 2) for girls older than 12 years and for boys 8 to 18
years old, the National Health and Nutrition Examination Survey
III (NHANES III) was used'®; 3) for nutritional analyses for boys
and girls 8 to 18 years, NHANES III was used.'®

Comparisons of sexual maturation of children with CP with the
general population were possible only for white children. There
were too few children of other races enrolled for similar analyses.
Because of differences in sexual maturation between white and
Mexican American children (M.E.H-G., personal communication,
2000), data from white Mexican American children were not used
in comparison analyses of white children with CP with the general
population.

Definitions

Girls were classified to have entered puberty when they were at
Tanner stage 2 or greater for both pubic hair and breast develop-
ment and to have completed puberty when they were at Tanner
stage 4 or 5 for both pubic hair and breast development. Boys were
classified to have entered puberty when they were at Tanner stage
2 or greater for both pubic hair and genital development and to
have completed puberty when they were at Tanner stage 4 or 5 for
both pubic hair and genital development.

Statistical Analyses

Logistic regression analyses were used to assess the effects of
race and gender on the proportions of children who had CP and
were entering and completing puberty. The statistical significance
of the effects in these models was assessed with likelihood ratio
tests.

Logistic regression models were used to compare the probabil-
ities related to age of both entering and completing puberty of
children with CP with the general population. The covariance
matrix for the estimated parameters in the logistic regression
models was calculated using 1000 bootstrap replications and was
used in Wald tests to compare the CP group with the general
population. For comparisons using the NHANES III data set, the
weighted bootstrap method was used to compensate for the sam-
pling design of NHANES IIL.»” The status quo method,!® based on
the logistic regression estimates, was used to estimate the ages at
which 25%, 50%, or 75% of children with CP had entered or
completed puberty. These analyses were done primarily to permit
comparisons of our results with published results for the general
population and to illustrate the magnitude of the differences in
sexual maturation between children with CP and in the general
population.” Confidence intervals (CIs) for these quantities were
based on 1000 bootstrap replications, using the bias-corrected
percentile method.!”

The NHANES III reported age at menarche in years, whereas
the NAGCPP collected the age in years and months. To adjust
partially for the different ways of recording age at menarche, a
random fraction of a year was added to the ages in the NHANES
III data set. The weighted bootstrap distribution method was then
used to obtain estimates and CIs for the differences in age at
menarche between girls with CP and girls in the general popula-
tion (NHANES III), taking into account this added random com-
ponent. Methods that were appropriate for ordinal categorical
outcomes, such as rank correlation and continuation ratio models,
were used for the analyses of Tanner stages.?°

RESULTS

Demographic and physical characteristics of sub-
jects are presented in Table 1. Girls with CP (n = 84)
entered puberty earlier (P = .02) than did boys with
CP (n = 123). For girls with CP, it was estimated that
by 8.6 years (95% CI: 5.8—8.0), 50% were at Tanner
stage 2 or greater for either breast or pubic hair
development, whereas for boys, it was not until age
8.9 years (95% CI: 8.0-9.6) that 50% were at Tanner

TABLE 1. Description of Subjects (1 = 207)
Age (y)
Mean (SD) 9.6 (4.6)
Race*
White 147 (69%)
Black 43 (21%)
Other races 16 (8%)
Gender
Boys 123 (59%)
Girls 84 (41%)
Gross motor functional
GMFCS
Level 3 51 (25%)
Level 4 53 (26%)
Level 5 103 (53%)

Height estimatet}

(mean z score [95% CI])
Weightf (mean z score [95% ClI])
SSFT§ (mean z score [95% CIJ)

—2.7 (=29 to —2.5)

—2.0 (-23to —1.7)
—0.84 (—1.00 to —0.68)

SD indicates standard deviation.

* Frequencies sum to 206 because 1 person refused to answer.
1 Height estimate based on calculations from knee height.

1 Reference data from NHANES III.1®

§ Reference data from Frisancho.?!

stage 2 or greater for either genital or pubic hair
development. In contrast to their entering puberty
earlier, girls with CP tended to complete puberty
later (P = .13) than did boys with CP. It was esti-
mated that by 14.4 years (95% CI: 13.7-15.0) 50% of
boys with CP were at either Tanner stage 4 or 5 for
both pubic hair and genital development; in contrast,
it was estimated that it was not until 15.7 years (95%
CL: 14.7-16.9), 1.3 years later than for boys with CP,
that 50% of girls with CP were at either Tanner stage
4 or 5 for both pubic hair and breast development.
Pooling data from boys and girls, it was found that
black children with CP (n = 43) entered puberty
earlier (P < .01) than did white children with CP (n =
147). By an estimated 5.6 years (95% CI: 3.9-6.7), 50%
of black children with CP had at least 1 Tanner stage
of 2 or greater, but it was not until an estimated 9
years (95% CI: 8.1-9.7) that 50% of white children
with CP reached the same maturity. No difference
was found in completing puberty.

Table 2 displays estimated means and standard
deviations for the ages at which white girls with CP
(n = 59) and in the general population began puberty
(Tanner stage 2 for breast and pubic hair develop-
ment) and completed puberty (Tanner stage 4 for
breast and pubic hair development). Table 3 presents
comparisons of patterns of sexual maturation of
white girls for the 3 data sets (NAGCPP, NHANES
111, and AAP PROS') by the ages at which white
girls began and completed puberty. Although the
mean age for initiation of breast development was
similar in white girls with CP to the general popula-
tion, the age distribution of breast development was
different (P < .001). A greater proportion of white
girls with CP had early onset of breast development
(Tanner stage 2 or greater), and a greater proportion
had delayed onset of breast development than in the
general population. White girls with CP initiated
pubic hair development (Tanner stage 2 or greater)
earlier than in the general population (P = .001).
White girls with CP completed breast development
(Tanner stage 4 or 5) later than in the general popu-
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TABLE 2.

White Girls Ages 3 to 18 Years in the NAGCPP Study (n = 59), in the NHANES III

Study (n = 593), and in the AAP PROS Study (n = 15,439): Estimates of Means and SDs of Distribution

of Ages for Initiation and Completion of Puberty

Mean* (95% CI)t SD (95% CI) Pt

Breast, Tanner stage =2

NAGCPP 10.1 (8.8-11.2) 3.30 (2.3-5.0) —

AAP PROS 10.07 (10.02-10.11) 1.70 (1.64-1.75) .014

NHANES III 10.29 (10.09-10.45) 1.15 (0.91-1.35) <.001
Breast, Tanner stage =4§

NAGCPP 15.6 (14.8-17.2) 2.20 (1.23-3.37) —

NHANES III 13.16 (12.92-13.42) 1.58 (1.40-1.84) .001
Pubic hair, Tanner stage= 2

NAGCPP 8.2 (6.7-9.2) 3.22(2.25-4.88) —

AAP PROS 10.59 (10.55-10.65) 1.59 (1.53-1.65) <.001

NHANES III 10.46 (10.17-10.67) 1.35 (1.18-1.66) <.001
Pubic hair, Tanner stage= 4§

NAGCPP 13.2 (12.4-14.1) 1.90 (1.16-2.61) —

NHANES III 12.88 (12.64-13.07) 1.27 (1.12-1.53) .39

* Mean and SD estimates based on logistic regression model.

195% Cls based on 1000 bootstrap replications and bias-corrected percentile method.

1 P values are based on Wald tests comparing means and SDs to the CP population (NAGCPP).
§ Data on completion of puberty not available from Hermann-Giddens et al.!!

TABLE 3. Comparisons of Patterns of Sexual Maturation of White Girls in the NAGCPP Study, in the NHANES III Study, and in the
PROS Study
NAGCPP NHANES III AAP PROS
(Ages 3-18) (Ages 8-18) (Ages 3-12)
25th 50th 75th 25th 50th 75th 25th 50th 75th
Breast development
Initiation 8.1 10.1 12.1 9.6 10.3 11.0 9.0 10.1 11.1
(Tanner stage 2 or (6.0-9.3) (8.6-11.0) (10.9-13.3) (9.3-9.8) (10.10-10.5) (10.8-11.2) (9.0-9.1) (10.0-10.1) (11.0-11.1)
greater)
Completion 14.2 15.6 16.9 12.2 13.2 141 NA NA NA
(Tanner stage 4 or (13.4-15.3) (14.5-16.5) (15.7-18.3) (12.0-12.5) (12.9-13.4) (13.8-14.4)
greater)
Pubic hair development
Initiation 6.2 8.2 10.1 9.6 10.5 11.3 9.6 10.6 11.6
(Tanner stage 2 or (4.0,75) (6.6,9.2) (89,11.6) (9.2,99) (10.2,10.7) (11.1,11.5) (9.6,9.7) (10.5,10.6) (11.5,11.6)
greater)
Completion 121 13.2 14.4 12.1 129 13.6 NA NA NA
(Tanner stage 4 or (11.2, 13.0) (12.4, 14.0) (13.3,15.3) (11.8,12.3) (12.6,13.1) (13.3,13.9)
greater)

NA indicates not applicable.

Estimates and 95% ClIs (in parentheses) for the ages at which 25%, 50%, and 75% of white girls initiated puberty (Tanner stage 2 or greater
for breast and pubic hair development) and completed puberty (Tanner stage 4 or greater for breast and pubic hair development), based
on data from the NAGCPP (n = 59), the NHANES III study (n = 593),'¢ and the AAP PROS study (n = 15,439)!1. Estimates are based on
the status quo method, using logistic regression.'® The 95% CI were based on 1000 bootstrap replications and the bias-corrected percentile
method.'® Data for completion of puberty were not reported in Hermann-Giddens et al.!!

lation (P = .001) but not pubic hair development
(P = .39).

Table 4 displays the estimated means and standard
deviations for the ages at which white boys with CP
and in the general population reached Tanner stage 2
and Tanner stage 4 for genital and pubic hair devel-
opment. For white boys ages 8 to 18 years with CP
(n = 75), pubic hair and genital development both
began earlier than for white boys in the general
population (NHANES III; P = .014 and P = .017), but
genital development was completed later (P = .034).
Table 5 present comparisons of sexual development
of white boys with CP with the general population.
Figure 1 compares the age of menarche for white
girls with CP with the general population. The esti-
mated median age of menarche for white girls with
CP was 14.0 years, which is 1.3 years (95% CI: 0.7-
2.3) later than for white girls in the general popula-
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tion (estimated median age: 12.8 years; NHANES III;
P < .01).

The relationship between Tanner stage and body
fat, assessed by SSFT z score, was determined in
white girls and boys with CP. For white girls, the
Spearman partial correlation between Tanner stage
and SSFT z score, adjusting for age and GMFCS level,
was 0.41 (P = .006), suggesting that for girls, more
advanced sexual maturation was associated with
more body fat. In contrast, for white boys, the Spear-
man partial correlation was —0.29 (P = .016), sug-
gesting that for boys, the opposite relationship per-
tained, that more advanced sexual maturation was
associated with less body fat.

DISCUSSION

Up-to-date, relevant standards by age for develop-
ment of SSC in girls and boys in the general popu-
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TABLE 4.

White Boys Ages 3 to 18 in the NAGCPP Study (1 = 75) and in the NHANES III Study

(n = 536): Estimates of Means and SDs of Distribution of Ages for Initiation and Completion of

Puberty

Mean* (95% CI)t

SD (95% CI) Pt

Genital, Tanner stage =2
NAGCPP
NHANES III

Genital, Tanner stage =4
NAGCPP
NHANES III

Pubic Hair, Tanner stage =2
NAGCPP
NHANES III

Pubic hair, Tanner stage =4
NAGCPP
NHANES III

10.0 (9.0-11.3)
10.0 (9.7-10.3)

14.7 (14.0-15.5)
13.43 (13.19-13.67)

10.7 (9.6-11.6)
11.90 (11.69-12.14)

14.2 (13.6-14.9)
13.45 (1.26-3.69)

2.05 (1.80-2.46) —
3.51 (2.58-4.56) 017

1.26 (0.78-1.91) —
1.21 (1.01-1.50) 034

2.45 (1.66-3.41) —
1.40 (1.19-1.55) 004

1.06 (0.57-1.83) —
1.11 (0.95-1.35) 37

* Mean and SD estimates based on logistic regression model.
195% CI, based on 1000 bootstrap replications and bias-corrected percentile method.
1 P values are based on Wald tests comparing means and SDs to the CP population (NAGCPP).

TABLE 5.

Comparisons of Patterns of Sexual Development of White Boys With CP to the General Population

NAGCPP (Ages 3-18)

NHANES 1II (Ages 8-18)

25th 50th 75th 25th 50th 75th

Genital development

Initiation 7.8 9.9 12.1 8.8 10.0 11.3

(Tanner stage 2 or greater) (6.6-9.1) (8.9-11.2) (10.8-13.5) (8.3-9.1) (9.7-10.3) (11.0-11.6)

Completion 13.9 14.7 154 12.7 134 14.2

(Tanner stage 4 or greater) (13.3-14.6) (14.0-15.5) (14.6-16.4) (12.4-13.0) (13.2-13.7) (13.9-14.5)
Pubic hair development

Initiation 9.3 10.7 122 11.1 11.9 12.7

(Tanner stage 2 or greater) (8.3-10.5) (9.8-11.8) (11.2-13.6) (10.8-11.3) (11.7-12.1) (12.5-13.0)

Completion 13.5 14.1 14.8 12.8 13.5 14.1

(Tanner stage 4 or greater) (12.8-14.1) (13.4-14.8) (13.8-15.7) (12.5-13.0) (13.3-13.7) (13.9-14.4)

Estimates and 95% CIs (in parentheses) for the age at which 25%, 50%, and 75% of white boys initiated puberty (Tanner stage 2 or greater
for pubic hair and genital development) and completed puberty (Tanner stage 4 or greater for genital and pubic hair development), based
on data from the NAGCPP study (1 = 75) and the NHANES III study (n = 536).1¢ Estimates are based on the status quo method, using
logistic regression.'® The 95% CIs were based on 1000 bootstrap replications and the bias-corrected percentile method.'®

1.0
0.8
0.81
0.7

General population

0.5 1
0.5
0.4
0.34
0.2 4
0.1
0.0

Proportion

Children with CP |

g 1 1" 12 1B 14 15 18 17 18
Age
Fig 1. The estimated median age at menarche for white girls with

CP was 14.0 years, compared with a median of 12.7 years for white
children in the general population (P < .001).

lation in the United States are now available for
statistical comparisons to special populations of chil-
dren, such as those with CP. The AAP PROS network
collected and analyzed data on the development of
SSC in 17 077 girls aged 3 to 12 years in 1992 and
1993. NHANES III evaluated 5839 children between

the ages of 8 and 18 years between 1988 and 1994.1¢
The AAP PROS network study of girls extends
downward the lower age limit for which normative
data on sexual maturation in girls are available, com-
plimenting the NHANES III data set. The AAP PROS
network study found that the onset of puberty in
girls in the United States now begins 6 months to 1
year earlier than in previous studies.!!!® At 3 years
of age, 3% of black girls and 1% of white girls
showed breast and/or public hair development, with
the proportions reaching 27.2% and 6.7%, respec-
tively, at 7 years of age. Because early puberty is now
so prevalent in the general population, to establish
that a condition or disease is associated with preco-
cious puberty, it is now necessary to compare the
results of a cross-sectional survey of SSC by age of
children with the condition or disease in question to
appropriate controls in these large data sets. A case
series of children with a developmental disability
and early puberty is no longer adequate for the pur-
pose.

The epidemiology of the development of SSC in
children with CP previously has not been studied.
Some conclusions can be drawn from our cross-sec-
tional sample of children with CP. Girls with CP
entered but tended to complete puberty later than
did boys with CP. Black children with CP entered
but did not complete puberty earlier than did white
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children with CP. For white children with CP, pu-
berty began earlier and was completed later than for
white children in the general population. For white
girls with CP, the estimated median age at menarche
was 14.0 years, 1.3 years later than in the general
population. There was a complex relationship be-
tween sexual maturation and body fat. For girls with
CP, more advanced sexual maturation was associ-
ated with more body fat, but in boys with CP, more
advanced sexual maturation was associated with less
body fat.

There are some limitations to our study. First, the
sample size was too small for all analyses to be
conducted for all racial groups. Second, it is possible
that the sample may not be representative of all
children with CP of moderate to severe motor im-
pairment. However, the distribution of subjects of
GMECS levels 3, 4, and 5 was similar to the distribu-
tion of >2000 children with CP studied in Ontario
(P.R., personal communication, 2000). Therefore, we
believe that our results are reflective of what would
have been found had a random sample from a reg-
istry of children with CP been studied. Finally, only
by a prospective longitudinal cohort study can early
adrenarche be distinguished definitively from true
precocious puberty.

We have demonstrated that sexual maturation in
children who have CP with moderate to severe mo-
tor impairment from our study population differs
from the general population. The clinical implica-
tions and pathophysiology of the earlier onset and
delayed completion of puberty await clarification by
additional investigation.

ACKNOWLEDGMENTS

This project was funded by the Genentech Foundation for
Growth and Development, the National Center for Medical Reha-
bilitation Research of the National Institutes of Health, the United
Cerebral Palsy Research and Education Fund, and the Kluge Re-
search Fund of the University of Virginia. Work at the University
of North Carolina was supported by the General Clinical Research
Center under grant M01-RR00046. Work at the University of Roch-
ester was supported in part by a General Clinical Research Center
grant (SM01RR00044) from the National Center for Research Re-
sources, National Institutes of Health. Work at the Children’s
Hospital of Philadelphia was supported by the CHOP Nutrition
Center and by the General Clinical Research Center (CHOP
M00240). Work at Duke University was supported by the Depart-
ment of Pediatrics and by the Jones and Guerrero Fund.

We gratefully acknowledge our research assistants, Vivienne
Spauls, Robert Lark, Susan Kube, Sharon Herring, Dan Arsenault,
and Kristen Langworthy, for skillful work. We also thank Dianne
Gupton for manuscript preparation.

We dedicate this article to the memory of Dr Edward B. Char-
ney, who was a developmental pediatrician at the Children’s
Hospital of Philadelphia. His career was devoted to caring for

902
om WwWw.p

SEXUAL MATURATION ng%%ga%];N WITH g};}g

children with disabilities, and his studies of growth in children
with CP helped lay the foundation for our work.

REFERENCES

1. Mutch L, Alberman E, Hagberg B, et al. Cerebral palsy epidemiology:
where are we now and where are we going? Dev Med Child Neurol.
1992;34:547-555

2. Hagberg B, Hagberg G, Olow L The changing panorama of cerebral
palsy in Sweden VI. Prevalence and origin during the birth year period
1979-86. Acta Paediatr Scand. 1993,82:387-393

3. Kavcic A, Perat MV. Prevalence of cerebral palsy in Slovenia: birth years
1981 to 1990. Dev Med Child Neurol. 1998;40:459—-463

4. Pharoah PO, Platt MJ, Cooke T. The changing epidemiology of cerebral
palsy. Arch Dis Child Fetal Neonatal Ed. 1996;75:F169-F173

5. Topp M, Uldall P, Langhoff-Roos J. Trend in cerebral palsy birth prev-
alence in eastern Denmark: birth-year period 1979-86. Paediatr Perinat
Epidemiol. 1997;114:451-460

6. Sigurjonsdottir TJ], Hayles AB. Precocious puberty. Am | Dis Child.
1968;115:309-320

7. Kaplan SL, Grumbach MM. Pathogenesis of sexual precocity. In: Grum-
bach MM, Sizonenko PC, Aubert ML, eds. Control of the Onset of Puberty.
Baltimore, MD: Williams & Wilkins; 1990:620-660

8. Robertson CMT, Morrish DW, Wheler GHT, Grace MGA. Neonatal
encephalopathy: an indicator of early sexual maturation in girls. Pediatr
Neurol. 1990;6:102-108

9. Palisano R, Rosenbaum P, Walter S, Russell D, Wood E, Galuppi B:
Gross Motor Function Classification System. Hamilton, Ontario, Canada:
McMaster University; 1995

10. Palisano R, Rosenbaum P, Walter S, Russell D, Wood E, Galuppi B.
Development and reliability of a system to classify gross motor function
in children with cerebral palsy. Dev Med Child Neurol. 1997;394:214-223

11. Herman-Giddens ME, Slora EJ, Wasserman RC, et al. Secondary sexual
characteristics and menses in young girls seen in office practice: a study
from the Pediatric Research in Office Settings Network. Pediatrics. 1997;
99:505-512

12. Marshall WA, Tanner JM. Variations in the pattern of pubertal changes
in girls. Arch Dis Child. 1969;44:291-303

13. Marshall WA, Tanner JM. Variations in the pattern of pubertal changes
in boys. Arch Dis Child. 1970;45:13-23

14. Cameron N: The methods of auxological anthropology. In: Falkner F,
Tanner JM, eds. Human Growth: A Comprehensive Treatise, III. New York,
NY: Plenum Press; 1986

15. Spender QW, Cronk CE, Charney EB, Stallings VA. Assessment of
linear growth of children in cerebral palsy: use of alternative measures
to height or length. Dev Med Child Neurol. 1989;31:206-214

16. Third National Health and Nutrition Examination Survey, 1988-1994,
NHANES III Examination Data File (CD-ROM Series 11, Nos. 1 and 2A).
Hyattsville, MD: US Department of Health and Human Services, Na-
tional Center for Health Statistics, Centers for Disease Control and
Prevention; 1998

17. Weighting and Estimation Methodology: Executive Summary, Third
National Health Examination Survey, 1988-1994 (CD-ROM: Series 11,
No. 1) Hyattsville, MD: US Department of Health and Human Services,
National Center for Health Statistics, Centers for Disease Control and
Prevention; 1998

18. Eveleth PB, Tanner JM. Sexual development. In: Eveleth PB, ed. World-
wide Variation in Human Growth. Cambridge, England: Cambridge Uni-
versity Press; 1990:161-175

19. Efron B, Tibshirani R. An Introduction to the Bootstrap. London, England:
Chapman and Hall; 1993

20. Lee PA. Normal ages of pubertal events among American males and
females. | Adolesc Health Care. 1980;1:26-29

21. Frisancho RA. Anthropometric Standards for the Assessment of Growth and
Nutritional Status. Ann Arbor, MI: University of Michigan Press; 1990

FiCs 6r by orf iy 10, 2009


http://pediatrics.aappublications.org

Secondary Sexual Characteristicsin Children With Cerebral Palsy and
Moderateto Severe Motor Impairment: A Cross-Sectional Survey
Gordon Worley, Christine M. Houlihan, Marcia E. Herman-Giddens, Maureen E.
O’'Donnell, Mark Conaway, VirginiaA. Stallings, W. Cameron Chumlea, Richard C.
Henderson, Ellen B. Fung, Peter L. Rosenbaum, Lisa Samson-Fang, Gregory S.
Liptak, Randy E. Calvert and Richard D. Stevenson
Pediatrics 2002;110;897-902
DOI: 10.1542/peds.110.5.897

Updated Information including high-resolution figures, can be found at:
& Services http://www.pediatrics.org/cgi/content/full/110/5/897
References This article cites 10 articles, 3 of which you can access for free

at:
http://www.pediatrics.org/cgi/content/full/110/5/897#BIBL

Citations This article has been cited by 7 HighWire-hosted articles:
http://www.pediatrics.org/cgi/content/full/110/5/897#otherarticle
S

Subspecialty Collections This article, along with others on similar topics, appearsin the
following collection(s):
Premature & Newborn
http://www.pediatrics.org/cgi/collection/premature_and_newbor
n

Permissions & Licensing Information about reproducing this article in parts (figures,
tables) or in its entirety can be found online at:
http://www.pediatrics.org/misc/Permissions.shtml

Reprints Information about ordering reprints can be found online:
http://www.pediatrics.org/misc/reprints.shtml

American Academy of Pediatrics

DEDICATED TO THE HEALTH OF ALL CHILDREN"™

Downloaded from www.pediatrics.org by on July 10, 2009



http://www.pediatrics.org/cgi/content/full/110/5/897
http://www.pediatrics.org/cgi/content/full/110/5/897#BIBL
http://www.pediatrics.org/cgi/content/full/110/5/897#otherarticles
http://www.pediatrics.org/cgi/collection/premature_and_newborn
http://www.pediatrics.org/misc/Permissions.shtml
http://www.pediatrics.org/misc/reprints.shtml
http://pediatrics.aappublications.org

