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Context: Cerebral palsy (CP) increases fracture risk through diminished ambulation, nutritional
deficiencies, and anticonvulsant medication use. Studies examining bone mineral density (BMD) in
adults with CP are limited.

Objective: To examine the relationship between body composition, BMD, and fractures in adults
with CP. The effect of functional, nutritional, and endocrine factors on BMD and body composition
is also explored.

Design: Retrospective cross-sectional study.

Setting and Participants: Forty-five adults with CP (mean age, 28.3 � 11.0 years) who had dual-
energy x-ray absorptiometry imaging at a single tertiary hospital between 2005 and 2015.

Results: Seventeen (38%) had a past history of fragility fracture; 43% had a Z-score of � �2.0 at
the lumbar spine (LS) and 41% at the femoral neck (FN). In nonambulatory patients, every one unit
decrease in FN Z-score increased the risk of fracture 3.2-fold (95% confidence interval, 1.07–9.70;
P � .044). Stepwise linear regression revealed that the Gross Motor Function Classification System
was the best predictor of LS Z-score (R2 � 0.550; � � �0.582; P � .002) and FN Z-score (R2 � 0.428;
� � �0.494; P � .004); 35.7% of the variance in BMD was accounted for by lean tissue mass.
Hypogonadism, present in 20% of patients, was associated with reduced lean tissue mass and
reduced LS BMD. Lean tissue mass positively correlated with BMD in eugonadal patients, but not
in hypogonadal patients.

Conclusions: Low BMD and fractures are common in adults with CP. This is the first study to
document hypogonadism in adults with CP with detrimental changes in body composition and
BMD. (J Clin Endocrinol Metab 101: 1190–1197, 2016)

Cerebral palsy (CP) is the most common motor disorder
among children, affecting 2 to 3.5 per 1000 live

births (1), and it results from a static insult to the devel-
oping fetal or infant brain. The disorder of movement is
often accompanied by disturbances of sensation, cogni-
tion, communication, and perception and by seizures (2).
Given the limitations in mobility and associated risk of

falls (3), the optimization of bone health is paramount
because fractures further limit mobility. Ambulatory func-
tion declines in parallel with health-related quality of life
measures (4).

Numerous studies document a high prevalence of low
bone mineral density (BMD) in up to 77% of children and
adolescents with CP (5, 6). Risk factors for low BMD in
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children with CP include nutritional status, anticonvul-
sant use, and functional status (6, 7). In children with CP,
most fractures occur in the long bones of the lower limbs,
particularly in the distal femur and proximal tibia (7–9).
Femoral fractures may occur without any documented
trauma in up to 73% of cases (10).

As CP life expectancy continues to improve, low BMD
and fractures are emerging as health priorities for patients
and clinicians alike. In a cohort of over 300 individuals
with CP, of those who survived to age 20 years, almost
85% survived to age 50 years (11). Adults with CP are
particularly vulnerable to fractures because they have a
longer cumulative exposure to risk factors and declining
bone mass with age (12). However, literature examining
the prevalence of osteoporosis and fractures in adults with
CP is limited. It is also unclear whether adults with CP
experience the same types of fractures as children, or
whether fractures typically associated with osteoporosis
(including neck of femur, vertebral, or radial fractures)
become more prevalent with increasing age.

In recent years, small studies in adults with CP have
shown the detrimental effect of decreased mobility on
BMD (13–15). A cross-sectional study of 48 adults with
CP of variable functional status (age range, 25–46 years)
reported a mean Z-score of �1.4 � 1.1 at the lumbar spine
and �1.36 � 1.0 at the total hip. Functional status as
measured by Gross Motor Function Classification System
(GMFCS) correlated with Z-scores at the lumbar spine
and total hip, and there was a positive relationship be-
tween BMI and Z-scores at both sites (13). Two studies in
adults have confirmed the importance of weight and am-
bulation in regard to bone density (14, 15). However,
there is a lack of literature examining the relationship be-
tween BMD and body composition in adults with CP. In
the general population, lean tissue mass (LTM) accounts
for a larger proportion of the variance in BMD than fat
mass in young females and males (16, 17). Given the
known nutritional issues in this cohort, determining the
influence of LTM and fat mass on BMD in adults with CP
is particularly important.

In addition, the prevalence and contribution of second-
ary causes of low bone mass such as hypogonadism have
not been reported previously in adults with CP. If deficits
in gonadal function are present, this can have significant
implications for the musculoskeletal health of adults with
CP. Only one study describes early commencement and
late completion of puberty in 207 children with GMFCS
III-IV (18), but the implication of this finding on bone
health was not evaluated.

The aim of this study was to assess the prevalence and
type of fractures in an adult population with CP and to
investigate how functional, nutritional, and endocrine fac-

tors impact the relationship between body composition
and BMD in these individuals.

Patients and Methods

Patients
A retrospective cross-sectional cohort study of 45 consecutive

adults with CP who had dual-energy x-ray absorptiometry
(DXA) imaging at a single tertiary hospital from 2005–2015 was
analyzed. The study was approved by the local ethics committee
(Monash Health Human Research Ethics Committee).

Data collection and clinical measures
GMFCS grades the severity of gross motor function impair-

ments based on the ability to mobilize or the need for assistive
devices (19). Levels range from I to V, with individuals at level V
having the greatest impairment and being wheelchair bound.
This was obtained from the medical records, and participants
were divided into two groups: predominantly ambulatory (GM-
FCS I-III) and nonambulatory (GMFCS IV-V).

A history of hypogonadism was established from the medical
record. This was defined in males as the use of androgen replace-
ment therapy or low T levels (�8 nmol/L) documented on two
separate occasions and in females as the use of hormone replace-
ment therapy for induction of pubertal development, menopause
before the age of 40, or low estradiol levels (�73 pmol/L) on two
separate occasions.

Information on current or past use of anticonvulsant medi-
cation, vitamin D levels at the time of BMD measurement, and
use of percutaneous endoscopic gastrostomy (PEG) feeding was
obtained from the medical record. Minimal trauma fracture was
defined as a self-reported or radiologically proven fracture oc-
curring after a fall from standing height or less, or a minimal
trauma incident other than a fall (eg, turning over in bed). Ver-
tebral fracture was diagnosed from a lateral thoracolumbar spi-
nal x-ray, when available.

BMD measurements
BMD was measured by DXA at the lumbar spine (L2–L4),

femoral neck- and total body on all participants unless limited by
previous scoliosis surgery, femoral surgery, or difficulty posi-
tioning. Low BMD was prespecified and defined as a Z-score
of � �2.0, as per the International Society of Clinical Densi-
tometry guidelines for adults � 50 years of age (20).

Total LTM and fat mass were derived from the whole body
scan. All measurements were obtained using a GE Lunar Prodigy
(software version 12; GE Healthcare) at a single center. Anthro-
pometric measures of age, weight, and height were documented.
In cases where true height could not be obtained, length while
lying flat was used or height was calculated using knee height
using Stevenson’s equation (21): estimated height � (knee
height � 2.69) � 24.2 cm.

Adults were categorized into four body mass index (BMI)
groups: underweight (BMI � 18.5 kg/m2), normal (BMI,
18.5–25 kg/m2), overweight (BMI � 25 kg/m2), or obese (BMI �
30 kg/m2). Increased fat mass was defined as � 35% in females
and � 25% in males as per American Association of Clinical
Endocrinologists/American College of Endocrinology guidelines
(22). Percentiles for fat mass were calculated from the National
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Health and Nutrition Examination Survey 1999–2004 body
composition data matched for age and gender (23). Low lean
mass was defined as: skeletal muscle mass index (SMI) � ap-
pendicular lean mass divided by height2 of � 7.26 kg/m2 in men
and � 5.5 kg/m2 in women, as per the European Working Group
on Sarcopenia in Older People (24).

Statistical analysis
The distribution of the data was explored by the Shapiro-

Wilk test. All normally distributed data were expressed as
mean � standard deviation and nonparametric data as median
with interquartile ranges. Differences between groups were de-
termined using the Mann-Whitney U test for continuous vari-
ables and �2 for categorical variables. Group differences in GM-
FCS were determined using the Kruskal-Wallis test.

A univariate regression analysis was performed to examine
the correlation between fat and LTM with BMD at the lumbar
spine, femoral neck, and total body separately. This was fol-
lowed by a multivariate analysis after adjusting for age, gender,
and height in these models.

Univariate analysis was used to determine predictors of frac-
ture and BMD Z-score at all three sites. Given the possibility of
significant covariance between factors such as ambulatory sta-
tus, use of antiepileptic medication, and PEG feeding, stepwise
multiple regression analysis was performed to determine which
factor was most important. Multicollinearity was determined for
all multiple and stepwise regression models by calculating the
variance inflation factor. Any regression model with a variance
inflation factor � 10 was excluded. A P value of � .05 was
considered to be statistically significant, and all tests were two-
sided. Analyses were conducted using IBM SPSS statistics for
Windows (version 22; SPSS Inc).

Results

Baseline characteristics
Clinical characteristics of patients are summarized in

Table 1. The majority had severe functional limitations
with a GMFCS of IV or V and had a mean height at or
below the 10th centile. In 37 patients, total body BMD was
obtained, enabling total and regional LTM and fat mass to
be derived. Lumbar spine BMD was obtained in 35 pa-
tients, and femoral neck BMD was obtained in 37 patients.
Mean lumbar spine Z-score was �1.61 � 2.0, and mean
femoral neck Z-score was �1.72 � 1.42. Reduced BMD,
as defined by a Z-score � �2.0, was present in 15 of 35
patients (43%) at the lumbar spine and in 15 of 37 (41%)
patients at the femoral neck.

The mean BMI was 22.3 � 6.6 kg/m2, which fell into
the normal range for adults; however, this obscures the
fact that a large proportion of patients fell into either the
underweight (31%) or overweight/obese (27%) category.
Of the patients with normal BMI, six of nine females
(67%) and three of six males (50%) had an increased
percentage of fat on DXA. Using age and gender-matched
fat centiles from NHANES III, seven of 15 with normal

BMI had a fat centile � 75%. Using linear regression, only
46% of the variance in BMI could be explained by per-
centage fat mass (P � .001). Reduced SMI was present in
10 of 18 males (56%) and 14 of 18 females (78%). PEG-
fed patients had a trend to reduced SMI (4.52 � 1.40 vs
5.55 � 1.46 kg/m2; P � .054) and increased percentage fat
(40.2 � 17.3 vs 30.0 � 14.2%; P � .054) compared with
non-PEG-fed patients with no difference in BMI (22.3 �
7.1 vs 22.0 � 2.7 kg/m2; P � .57).

Fracture
A history of fragility fracture was noted in 17 of 45

patients (38%), with three experiencing multiple frac-
tures. Of the 17 patients with a history of fracture, eight
had a fracture during childhood, with all these fractures
involving the lower limb. Fractures of the femur were pres-
ent in five, and three patients had tibia/fibula fractures
during childhood. Fractures occurred in 53% of patients
in adulthood. Of the 20 patients who underwent lateral
spinal x-rays during adulthood, four had vertebral crush
fractures (20%). The remainder of the fractures in adult-
hood involved the ankle (n � 3), ribs (n � 2), and sacrum
(n � 1).

Univariate analysis revealed that no clinical, anthropo-
metric, or DXA parameters were significantly associated
with fracture. In particular, BMD and Z-scores at the
spine, femoral neck, and total body and the clinical vari-

Table 1. Baseline Characteristics of Adults With CP

Demographic
Age, y 28.3 � 11.0
Male, n (%) 23 (51)

Anthropometric
Weight, kg 54.7 � 20.2
Height, cm 155.4 � 13.6
BMI, kg/m2 22.3 � 6.6

Clinical variables, n (%)
Anticonvulsant use 22 (49)
Nonambulatory 33 (73)
PEG feeds 8 (18)
GMFCS I-III 12 (27)

IV 7 (15)
V 26 (58)

Fracture 17 (38)
Hypogonadal 9 (20)

DXA variables
LTM, kg 34.0 � 11.0
Fat mass, kg 18.3 � 13.2
Bone mineral content, kg 1.96 � 6.71
Total body BMD, g/cm2 1.04 � 0.11
Total body Z-score �1.12 � 1.41
Lumbar spine BMD, g/cm2 1.01 � 0.28
Lumbar spine Z-score �1.61 � 2.0
Femoral neck BMD, g/cm2 0.77 � 0.18
Femoral neck Z-score �1.72 � 1.42

Values are expressed as mean � SD or number (percentage) unless
otherwise stated.
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ables (anticonvulsant use, hypogonadism, PEG feeding,
ambulatory status, and GMFCS) were not associated with
fracture. However, in nonambulatory patients, bone min-
eral content, areal BMD (spine, femoral neck, total body),
and femoral neck Z-score were all associated with fracture
(P � .05). For every one unit reduction in femoral neck
Z-score, the risk of fracture increased 3.2-fold (95% con-
fidence interval, 1.07–9.70; P � .044).

Hypogonadism
In this study, nine of 45 patients (20%) were hypogo-

nadal. Of these, two had primary gonadal failure, six had
hypogonadotropic hypogonadism, and one had a mixed
picture (orchidectomy for undescended testis and hyper-
prolactinemia). Two patients (one male, one female) had
elevated prolactin levels; one was able to have a magnetic
resonance imaging of the pituitary that was normal. The
remaining patients with hypogonadotropic hypogonad-
ism were unable to have a magnetic resonance imaging of
the pituitary for logistical reasons. In addition, three male
patients had elevated LH with normal levels of T.

Differences between eugonadal and hypogonadal pa-
tients are summarized in Table 2. Hypogonadal patients
were shorter and weighed less than their eugonadal coun-
terparts. After adjustment for gender, LTM was signifi-
cantly reduced (P � .04), whereas there was no difference
in fat mass. In hypogonadal patients, lumbar spine BMD
and lumbar spine Z-score were reduced. Hypogonadal
patients were all nonambulatory and were more likely to
have PEG feeds. There was a trend toward more fractures
in hypogonadal patients, which was not statistically sig-
nificant (67 vs 31%; P � .055).

To determine the clinical factors that correlated most to
LTM, multiple regression analysis was performed with
SMI as the dependent variable and the clinical variables as
the independent variables after adjusting for age. Patients
were stratified based on gender. In females, hypogonadism
was the only clinical variable after adjustment for age to
correlate with SMI (R2 � 0.595, P � .034; � � �0.570,
P � .042). In males, there were no variables that correlated
with SMI.

Predictors of BMD
Using univariate analysis, ambulatory status and GM-

FCS correlated with Z-scores at the lumbar spine, femoral
neck, and total body (P � .05) (Table 3). At the lumbar
spine, hypogonadism was negatively correlated with Z-
scores (R2 � 0.131; � � �0.362; P � .033), and at the
total body, PEG feeding was negatively correlated with
Z-scores (R2 � 0.108; � � �0.329; P � .047). Stepwise
linear regression after adjusting for height showed GM-
FCS to be the best predictor of lumbar spine Z-score (R2

� 0.550; � � �0.582; P � .002) and femoral neck Z-score
(R2 � 0.428; � � �0.494; P � .004). For every one unit
increase in GMFCS, lumbar spine Z-score was reduced by
0.582 and femoral neck Z-score was reduced by 0.494.

Relationship between body composition and bone
mass

Using linear regression, the relationship between BMD
with body composition parameters was examined (Table
4). Univariate analysis showed that 35.7% of the variance
in BMD was accounted for by LTM. After multivariate
analysis adjusting for age, gender, and height, only LTM
had a positive association with BMD (R2 � 0.599, P � .01;
� � 0.611, P � .045). In eugonadal patients, LTM was
correlated with BMD in both univariate and multivariate
analysis. This relationship was lost in hypogonadal pa-
tients in whom neither LTM nor fat mass correlated with
BMD.

Table 2. Differences in Body Composition and Clinical
Variables Between Eugonadal and Hypogonadal Patients

Eugonadal Hypogonadal
P
Value

n 36 9
Demographica

Age, y 29.4 � 11.8 24.0 � 5.6 .20
Males, n 20 (56%) 3 (33%) .207

Anthropometricb

Weight, kg 58.3 � 20.2 40.3 � 13.2 .044
Height, cm 158.2 � 12.1 143.9 � 13.6 .013
BMI, kg/m2 23.0 � 6.9 19.4 � 4.0 .181

DXA variablesb

LTM, kg 36.0 � 10.7 25.2 � 7.7 .040
Fat mass, kg 19.4 � 13.7 13.6 � 9.9 .232
Bone mineral

content, kg
2.11 � 0.64 1.43 � 0.50 .046

SMI, kg/m2 5.58 � 1.34 4.39 � 1.31 .118
Total body BMD,

g/cm2
1.06 � 0.11 0.98 � 0.07 .137

Total body Z-score �1.01 � 1.40 �1.63 � 1.48 .203
Lumbar spine BMD,

g/cm2
1.04 � 0.22 0.77 � 0.20 .025

Lumbar spine Z-
score

�1.25 � 1.93 �3.06 � 1.88 .045

Femoral neck BMD,
g/cm2

0.79 � 0.17 0.70 � 0.15 .272

Femoral neck Z-
score

�1.69 � 1.47 �1.90 � 1.15 .673

Clinical variables, n
(%)a

Anticonvulsant use 18 (50) 4 (44) .530
Nonambulatory 24 (67) 9 (100) .044
PEG feeds 3 (9) 5 (56) .004
Fracture 11 (31) 6 (67) .055

Data are expressed as mean � SD or number (percentage). Bold
indicates P values that are statistically significant.
a Mann-Whitney U test.
b Logistic regression adjusted for gender.
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Discussion

This study in adults with CP revealed that 38% had a
prevalent fragility fracture, with 53% of these occurring in
adulthood. The types of fractures are different from those
described in children with CP, with our adult cohort ex-
periencing predominantly ankle, vertebral, and rib frac-
tures. These osteoporotic-related atraumatic fractures are
occurring at a younger age in adults with CP than in the
general population. Asymptomatic vertebral fracture in
other populations is associated with an increased risk of
subsequent osteoporotic fracture, including hip fracture
independent of BMD (25).

The distal femur is the most common site of fracture in
the pediatric CP population. A technique of scanning the
lateral distal femur using DXA has been developed with
this in mind and to allow for positioning difficulties and
artifacts from scoliosis, hip dislocation, and metallic hard-
ware (26). There are established reference ranges in chil-
dren (27, 28), and correlation between Z-scores at the

distal femur and fracture history in a mixed cohort of
children with CP or muscular dystrophy (29) has been
shown. Henderson et al (30) reported a preliminary series
of 32 adults with CP using this technique with precision of
duplicate scans of between 2.4 and 7.1% in various re-
gions of the distal femur. Currently its use in adults is
limited by a lack of normative data and the need for spe-
cialist training in the technique.

Given these limitations, using traditional scanning
techniques validated in postmenopausal women and older
men, we successfully obtained lumbar spine measure-
ments in 35 patients and femoral neck measurements in 33
patients. Over 40% of patients had BMD below the ex-
pected range for age. We demonstrated that GMFCS and
ambulatory status was a significant predictor of low BMD
at all sites. Furthermore, in nonambulatory adults, femo-
ral neck Z-score correlated with fractures. The importance
of function and ambulation to BMD is consistent with the
pediatric and adult literature. Of concern, therefore, is
that a decline in mobility occurs in over 25% of adults with
CP over time (3). Our findings support the use of standard
lumbar spine and proximal hip DXA for adults with CP as
advocated by Fowler et al (13). In ambulatory patients
with CP, we were unable to demonstrate a statistically
significant relationship between BMD and fracture. This
may be due to the small cohort of ambulatory patients,
where six of the 12 ambulatory patients sustained frac-
tures. We thus postulate that an increased risk of falls in
ambulatory patients compared with nonambulatory pa-
tients may account for their higher risk of fracture.

The use of DXA enables the assessment of body com-
position. In adults with CP, measures of body fat using
DXA have been shown to be highly correlated to body fat
estimated through the doubly labeled water technique,
which is considered the “gold standard” (31). There are no
validated adult CP-specific equations to estimate body fat
using anthropometric measures, and the common anthro-
pometric measure of body composition, BMI, is unable to
distinguish fat from lean mass. Consistent with this, our
cohort showed that only 46% of the variance in BMI could
be explained by percentage fat mass. In addition, 60% of

Table 3. Clinical Predictors of Z-Scores at the Lumbar Spine, Femoral Neck, and Total Body

Lumbar Spine Z-score Femoral Neck Z-score Total Body Z-score

R2 �
P
Value R2 �

P
Value R2 �

P
Value

Hypogonadism 0.131 �0.362 .03 0.003 �0.054 .765 0.031 �0.175 .299
PEG feeding 0.078 �0.279 .104 0.026 �0.161 .371 0.108 �0.329 .05
Nonambulatory 0.326 �0.571 <.001 0.296 �0.545 0 0.164 �0.404 .01
GMFCS 0.363 �0.602 <.001 0.295 �0.544 0 0.143 �0.379 .02
Anticonvulsant use 0.028 0.167 .337 0.002 �0.041 .821 0.033 0.181 .285

Bold indicates P values that are statistically significant.

Table 4. Relationship Between LTM and Fat Mass
With Total Body BMD

R2
P
Value �

P
Value

All
Fat mass 0.188 .004 0.458 .004
LTM 0.359 <.001 0.614 <.001
Modela 0.599 <.001

Fat mass 0.147 .269
LTM 0.611 .045

Hypogonadal
Fat mass 0.278 .224 0.527 .224
LTM �0.036 .414 0.370 .414
Modela �0.0839 .803

Fat mass 0.751 .306
LTM 0.949 .537

Eugonadal
Fat mass 0.152 .019 0.425 .019
LTM 0.327 .001 0.592 .001
Modela 0.646 <.001

Fat mass �0.004 .977
LTM 1.011 .007

Bold indicates P values that are statistically significant.
a Multivariate analysis adjusted for age, gender, and height.
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those with a normal BMI had an increased percentage of
fat mass. A recent study utilizing DXA to assess body com-
position in 47 children with CP found that all children
with a low BMI had adequate or excess body fat (32). The
use of DXA for assessment of body composition in this
cohort is thus clinically important to guide optimal out-
comes in feeding and exercise interventions. This may be
particularly pertinent in view of the unexpected high mor-
tality rate in adults with CP due to circulatory diseases
(11, 33).

We also found reduced SMI in � 50% of males and
almost 80% of females. Sarcopenia has been associated
with increased risk of falls and fractures, impaired func-
tional state, and increased risk of death in the older pop-
ulation (34, 35). Because this was a retrospective study, we
were unable to obtain functional measures of muscle
strength tocomplementourbodycompositiondata.How-
ever, patients with severe functional disability (GMFCS
IV-V) cannot be assessed with conventional techniques
such as handgrip strength or knee flexion/extension
strength.

This is the first study to use DXA in adults with CP to
examine the relationship of LTM and fat mass to BMD.
Previous studies in adults with CP have demonstrated a
positive relationship between BMI and BMD (13, 15). We
have shown that LTM is the most powerful positive pre-
dictor of BMD. This is consistent with the literature show-
ing that LTM accounts for a larger variance in BMD than
fat mass in young females and males, whereas in post-
menopausal women, fat mass is relatively more important
(36–38). LTM may exert its effect via mechanical stress
through muscle contraction, whereas it has been proposed
that fat has positive effects on bone through secretion of
hormones such as insulin, amylin, and leptin and through
the increased aromatization of T to estrogen (39, 40).

However, this positive correlation between LTM and
BMD is attenuated when hypogonadism is present. This
has a number of possible clinical implications: first, nu-
tritional interventions that increase weight through fat de-
position may not translate to improvements in BMD.
Moreover, interventions that increase weight bearing or
muscle mass may be preferable, and finally our data sug-
gest that treatment of hypogonadism will be paramount
before such interventions.

Altered pubertal progression was found in a cross-sec-
tional study of 207 children with CP (18). In particular,
menarche commenced late in girls with CP. There are no
follow-up studies describing gonadal status of adults with
CP. Hypogonadism is a risk factor for osteoporosis, and
our finding that 20% of adults had hypogonadism is of
concern. Hypogonadal patients with CP had reduced
LTM and lower lumbar spine BMD, which has been well

described in other hypogonadal populations. The signif-
icant functional differences between eugonadal and hy-
pogonadal subjects along with the body composition
changes suggest a long-standing and more permanent def-
icit in gonadal status.

Most patients had hypogonadotropic hypogonadism
on endocrine evaluation. The etiology of this is unclear,
and possible explanations include: poor nutrition and
chronic illness leading to a functional hypothalamic hy-
pogonadism, or injury to the immature brain in CP leading
to hypothalamic-pituitary axis dysfunction. Common
causes of hypogonadotropic hypogonadism in other pop-
ulations such as untreated obstructive sleep apnea, gluco-
corticoid therapy, or narcotic pain medication were not
present in this cohort. Whether early detection and treat-
ment of hypogonadism is of benefit from a functional and
musculoskeletal perspective remains unanswered. We rec-
ommend screening for hypogonadism in adolescents and
adults with CP presenting with low BMD and fracture to
ensure that this important diagnosis is not missed. Chal-
lenges with treatment include addressing the caregiver’s
concerns regarding sexual behavior, growth, and psycho-
social changes accompanying puberty.

This study represents one of the largest adult cohorts
with CP in the literature. We are the first to confirm hy-
pogonadism to be highly prevalent in adults with CP, par-
ticularly in those with more severe motor dysfunction and
requiring PEG feeding. Our findings highlight the need to
screen for hypogonadism, low BMD, and vertebral frac-
tures in patients who are nonambulatory and/or on PEG
feeds. The presence of these clinical features is associated
with poor musculoskeletal outcomes. The emphasis of
management in those with less severe functional limita-
tions (GMFCS I-III) should be on minimizing the risk of
falls while encouraging ambulation.

We are mindful of a number of limitations to this study.
BMD is a two-dimensional measure of a three-dimen-
sional structure and can be affected by body size, which is
particularly relevant in our cohort who has restriction in
growth. To reduce the effect of body size on BMD, we
adjusted for height in our multivariate and stepwise anal-
yses. This is a cross-sectional study, and therefore causa-
tion cannot be established between hypogonadism and the
body composition changes we have described. Longitudi-
nal monitoring and reporting of BMD, falls, and fractures
is needed in this cohort. Fracture recall may be biased, and
fractures were not systematically confirmed on imaging.
Our small sample size increases the risk of type I error. We
were also unable to collect sufficient data on vitamin D
status and therefore were unable to examine the effect of
vitamin D on BMD.
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In conclusion, adults with CP experience prevalent fra-
gility fractures at a young age. Poor mobility and hypo-
gonadism are important factors contributing to low BMD
in this cohort. LTM has a significant positive association
with BMD, but its effect is attenuated by the presence of
hypogonadism. Early recognition and treatment of hypo-
gonadism in patients with CP may have beneficial effects
on musculoskeletal health, and this warrants further
study.
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