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Context: Longitudinal data on bone mineral density (BMD) in children and adolescents with Prader-
Willi Syndrome (PWS) during long-term GH treatment are not available.

Objective: This study aimed to determine effects of long-term GH treatment and puberty on BMD
of total body (BMDTB), lumbar spine (BMDLS), and bone mineral apparent density of the lumbar
spine (BMADLS) in children with PWS.

Design and Setting: This was a prospective longitudinal study of a Dutch PWS cohort.

Participants: Seventy-seven children with PWS who remained prepubertal during GH treatment for
4 years and 64 children with PWS who received GH treatment for 9 years participated in the study.

Intervention: The children received GH treatment, 1 mg/m2/day (�0.035 mg/kg/d).

Main Outcome Measures: BMDTB, BMDLS, and BMADLS was measured by using the same dual-
energy x-ray absorptiometry machine for all annual measurements.

Results: In the prepubertal group, BMDTB standard deviation score (SDS) and BMDLSSDS signifi-
cantly increased during 4 years of GH treatment whereas BMADLSSDS remained stable. During
adolescence, BMDTBSDS and BMADLSSDS decreased significantly, in girls from the age of 11 years
and in boys from the ages of 14 and 16 years, respectively, but all BMD parameters remained within
the normal range. Higher Tanner stages tended to be associated with lower BMDTBSDS (P � .083)
and a significantly lower BMADLSSDS (P � .016). After 9 years of GH treatment, lean body mass SDS
was the most powerful predictor of BMDTBSDS and BMDLSSDS in adolescents with PWS.

Conclusions: This long-term GH study demonstrates that BMDTB, BMDLS, and BMADLS remain stable
in prepubertal children with PWS but decreases during adolescence, parallel to incomplete pu-
bertal development. Based on our findings, clinicians should start sex hormone therapy from the
age of 11 years in girls and 14 years in boys unless there is a normal progression of puberty. (J Clin
Endocrinol Metab 100: 1609–1618, 2015)
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Prader-Willi syndrome (PWS) is a neurogenetic devel-
opmental disorder caused by the absence of paternal

expression of genes on chromosome 15 at the locus q11–
q13, due to a paternal deletion, maternal uniparental di-
somy (mUPD), imprinting center defects (ICD), or pater-
nal chromosomal translocation. The syndrome is
characterized by short stature, hypogonadism, hypotonia,
mild mental retardation, and early-onset obesity with be-
havioral problems (1). Many of the symptoms in children
with PWS may be explained by hypothalamic dysfunction,
with endocrinopathies such as GH deficiency, hypogo-
nadism, central adrenal insufficiency during stress, and
sometimes hypothyroidism. GH treatment improves body
composition, adult height, psychomotor development,
and cognition (2–5). Other hormone replacement thera-
pies are hydrocortisone in case of stressful events and sex
hormones (6–8).

Bone mineral density (BMD) is influenced by activity
and endocrine factors, including PTH, T4, GH, and sex
steroids (9, 10). BMD increases during childhood and
peak bone mass is normally attained between the age of
18–20 years in girls and 18–23 years in boys (11). Bone
strength later in life largely depends on this attained peak
bone mass. Children with PWS might be prone to a lower
BMD during childhood and adolescence because of low
GH levels, hypothyroidism, hypogonadism, and a seden-
tary lifestyle. Extra mechanical stress due to obesity will
increase the BMD of the lumbar spine (12), but most GH-
treated children with PWS are not obese anymore (2).

Studies in prepubertal children with PWS showed that
patients not treated with GH had a normal axial and ap-
pendicular BMD (13) whereas total body BMD (BMDTB)
SDS and lumbar spine BMD (BMDLS) SDS remained un-
changed during 2 or 3 years of GH treatment (14–16).
However, in 17–37-year-old adults with PWS who did not
receive GH treatment during childhood (and only one man
received T), a lower BMD than age- and sex-matched con-
trols was reported, albeit still in the normal range (17). In
addition, more osteoporosis and a high fracture risk has
been observed in adults with PWS (17–20). In 42 adults
with PWS mean age, 28.5 � 6.7 years, the baseline BMDTB

z score of �1.0 and BMDLS of �1.4 did not improve dur-
ing 2 years of GH treatment (21), and 15 of the 42 patients
received sex hormone replacement therapy. This suggests
that there is a decline in all BMD parameters (BMDs) in

adolescents with PWS, in contrast with age- and sex-
matched peers. Due to the fact that children with PWS
have a normal onset of puberty but a delay in pubertal
development beyond Tanner stage 2 compared with age-
and sex-matched controls (22, 23), it might well be that
BMDs decline after Tanner stage 2, when puberty fails to
progress in patients with PWS.

Currently, there are no data on BMDs in children and
adolescents with PWS during long-term GH treatment.
We hypothesized that BMDs SDS would remain stable
during 4 years of GH treatment in children who remained
prepubertal during that period, but would decline during
adolescence, due to incomplete pubertal development. For
that reason, we investigated BMDTBSDS, BMDLSSDS, and
lumbar spine bone mineral apparent density (BMADLS)
SDS during 9 years of GH treatment in children with PWS.
In addition, we studied the relation between age, pubertal
stage, and BMDTBSDS, BMDLSSDS, and BMADLSSDS.

Materials and Methods

Patients
For the first part of our study, we included 77 prepubertal

children who remained prepubertal during 4 years of GH treat-
ment in our Dutch PWS Cohort Study, and for the second part,
64 children who continued GH treatment for 8–11 years. The
Dutch PWS Cohort was established in 2002 with the start of a
randomized controlled GH trial (24), which was continued by a
longitudinal GH study including most Dutch children with PWS
(2, 25). Thirty-three children participated in the prepubertal and
the long-term study. At time of GH start, in the prepubertal
group, girls were 2–10 years old and boys were 2–11 years old,
and in the long-term group, girls were younger than 11 years with
Tanner breast stage 1 and boys were younger than 12 years with
Tanner genital stage 1 and a testicular volume less than 4 mL
(26). All children were naive to GH treatment at the start of study
and had continuous GH treatment for 4 and 9 years, respectively.

During the study, six girls (6/31) and five boys (5/33) received
sex hormone replacement treatment because of a combination of
low BMD (��1 SDS), low serum estradiol, or T levels and a
personal preference of the child and the parents. We included
their data in our analyses until they started sex hormone replace-
ment treatment. The other children did not receive sex hormone
replacement treatment, mainly because of parental fear for be-
havioral issues in boys and hygiene concerns in girls.

All children had a genetically confirmed diagnosis of PWS.
The study protocol was approved by the Medical Ethics Com-
mittees at Children’s Hospital Erasmus MC-Sophia in Rotter-

Dutch Growth Research Foundation (N.E.B., R.J.K., E.P.C.S., R.F.A.T.d. L.v.W., D.A.M.F., A.C.S.H.-K), 3000 CA Rotterdam, The Netherlands; Children’s Hospital Erasmus MC-Sophia
(N.E.B., R.J.K., E.P.C.S., G.C.B.B.d.H., A.C.S.H.-K.), 3000 CA Rotterdam, The Netherlands; University of Groningen (G.B.), University Medical Center Groningen/Beatrix Children’s Hospital,
Department of Pediatrics, 9713 GZ Groningen, The Netherlands; Diaconessen Hospital (D.A.J.P.), 2334 CK Leiden, The Netherlands; St. Antonius Hospital (J.J.G.H.-N., H.V.W.), 3430 EM
Nieuwegein, The Netherlands; Haga Hospitals/Juliana Children’s Hospital (E.C.A.M.H.), 2566 MJ The Hague, The Netherlands; Department of Pediatrics (P.E.J.), Jeroen Bosch Hospital,
5200 ME’s-Hertogenbosch, The Netherlands; Gelre Hospitals (L.L.), 7300 SD Apeldoorn, The Netherlands; St. Catharina Hospital (R.J.O.), 5623 EJ Eindhoven, The Netherlands; Department
of Pediatrics (W.O.), Leiden University Medical Center, 2333 ZA Leiden, The Netherlands; VU University Medical Center (J.R.), 1081 HV Amsterdam, The Netherlands; Radboud University
Nijmegen Medical Center (A.A.E.M.V.A.); 6500 HB Nijmegen, The Netherlands; St. Jansdal Hospital (M.V.L.), 3844 DG Harderwijk, The Netherlands; Medical Center Twente (M.E.J.W.B.),
7511 JX Enschede, The Netherlands; Academic Medical Center (N.Z.-S.), University of Amsterdam, 1105 AZ Amsterdam, The Netherlands
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dam, The Netherlands, and of collaborating centers. Written
informed consent was obtained from parents and children over
12 years of age. Assent was obtained from children under 12
years of age.

Design
The primary objective of our study was to evaluate the effects

of GH treatment on BMDTBSDS, BMDLSSDS, and BMADLSSDS
in prepubertal children with PWS. The secondary objective
was to evaluate the effects of GH treatment on BMDTBSDS,
BMDLSSDS, and BMADLSSDS in children and adolescents with
PWS during 9 years of GH treatment. Our final objective was
to investigate the relation between age, pubertal stage, and
BMDTBSDS, BMDLSSDS, and BMADLSSDS.

Biosynthetic GH (Genotropin; Pfizer Inc., New York, NY) 1
mg/m2 per day was administered sc once daily at bedtime. The
first 4 weeks of GH treatment, children received 0.5 mg/m2 per
day to prevent fluid retention (27). Children were seen by the
PWS research team of the Dutch Growth Research Foundation
in collaboration with pediatric endocrinologists and pediatri-
cians 3-monthly. At each visit, the GH dose was corrected to the
calculated body surface area. The GH dose was lowered when
immunoreactive IGF-I levels increased above �3 SDS. Pubertal
stage according to Tanner was determined by the PWS research
team of the Dutch Growth Research Foundation at the time of
blood sampling and during the 3-monthly visits. All measure-
ments described in this study were yearly performed in the Eras-
mus University Medical Center Rotterdam–Sophia Children’s
Hospital.

Dual-energy x-ray absorptiometry
In all children, bone mineral content (BMC; g) and BMD

(g/cm2) of the total body and lumbar spine, fat mass, and lean
body mass (LBM) were measured by dual-energy x-ray absorp-
tiometry (DXA) (type Lunar Prodigy; GE Healthcare, Chalfont
St. Giles, UK). Quality assurance was performed daily. The co-
efficient of variation (CV) was 0.64% for BMC and BMDTB and
1.04% for BMDLS. The CV for lean tissue and fat tissue was
1.57–4.49% and 0.41–0.88%, respectively. In children of short
stature, true BMDLS is underestimated by the areal presentation
and should be corrected for bone size by calculating the BMADLS

(28). BMADLS was calculated using the following model:
BMADLS � BMDLS � [4/(� � width)], with the width as the
mean width of the second to fourth lumbar vertebral body. This
model has been extensively validated by in vivo volumetric data
obtained from magnetic resonance imaging of the lumbar ver-
tebrae (28). BMDTBSDS, BMDLSSDS, and BMADLSSDS were
calculated to age- and sex-matched reference values from the
Dutch population (29, 30). Fat mass was expressed as percentage
of total body mass (fat%). Fat% SDS and LBM SDS were cal-
culated according to sex- and height-matched reference values of
the Dutch population (29, 30).

Anthropometrics
Standing height was measured with a Harpenden stadiometer

(Holtain Ltd., Crosswell, UK). Weight was assessed on an ac-
curate scale (Servo Balance KA-20-150S; Servo Berkel Prior,
Katwijk, The Netherlands). Height SDS and body mass index
(BMI) SDS were calculated with Growth Analyzer Research Cal-
culation Tools 4.0 (available at www.growthanalyser.org), ac-
cording to Dutch age- and sex-matched reference values (31).

Hormone assays
Blood samples were collected for assessment of serum IGF-I,

T, and estradiol. During the first 2 years of study, serum IGF-I
levels were measured using an immunometric technique on an
Advantage Automatic Chemiluminescence System (Nichols In-
stitute Diagnostics, San Juan Capistrano, CA). The intra- and
interassay CVs were 4 and 6%, respectively. After 2 years, IGF-I
was measured with the Immulite 2000 (Siemens Healthcare Di-
agnostics, Deerfield, IL), with interassay CV of 6.5%.

Total serum T levels were determined by coated tube RIA
(Siemens DPC). The intra- and interassay CVs were below 6 and
9%, respectively. The lowest detectable level was 0.1 nmol/L.
These levels were all higher than those calculated from blank
values (�3 SD of the blank). Reference values prepubertal boys,
0.3–0.5 nmol/L; pubertal boys, 3.0–6.5 nmol/L; and man,
10–30 nmol/L. Serum estradiol levels were measured using
coated tube radioimmuno-assays (Immulite, Diagnostic Prod-
ucts Corp., Los Angeles, CA). Sensitivities of the assay was 10
pmol/L and the intra- and interassay CVs were less than 5 and
7%. Reference values for woman are in the early follicular, 50–
250 pmol/L; late follicular, 250–1000 pmol/L, LH peak, 400–
1500 pmol/L; mid luteal, 250–1000 pmol/L; late luteal, 150–
250 pmol/L, and postmenopausal, �50 pmol/L.

Statistics
Statistical analyses were performed with SPSS 20.0 (SPSS Inc.,

Chicago, IL). Most of our data did not have a Gaussian distri-
bution and were therefore expressed as median [interquartile
range (IQR)]. SDS were compared with 0 using the Mann-Whit-
ney U test. Changes over time were analyzed using repeated
measurements analysis with years of GH use as categorical in-
dependent variable and a first-order autoregressive or the au-
toregressive heterogeneous covariance matrix for the measure-
ments within each child. The effects of genetic background, sex,
age, and Tanner stage were determined by using these variables
as factors (in case of nominal or ordinal data) and as covariates
(in case of scale variables) in the model. Effects are presented as
estimated marginal mean (SEM). Multiple linear regression anal-
ysis was performed to determine the association of BMDTBSDS,
BMDLSSDS, and BMADLSSDS with age at start GH, fat% SDS,
and LBM SDS. In all multiple linear regression models, adjust-
ments were made for sex, height SDS, and Tanner stage. All
regression coefficients are presented as a standardized Beta (�)
for better interpretation of the results. Median age at reaching
each pubertal Tanner mammae (M2–M5) or genital (G2–G5)
stage was estimated separately for girls and boys with PWS, by
Kaplan-Meier survival estimates. P � .05 were considered sta-
tistically significant.

Results

Baseline characteristics
Table 1 shows the baseline characteristics of 77 chil-

dren with PWS who remained prepubertal during GH
treatment for 4 years (prepubertal group) and 64 children
with PWS who have been receiving GH treatment for 9
years (long-term group). Median [IQR] age at start of GH
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treatment was 5.5 [3.2–7.5] years in the prepubertal group
and 5.6 [3.4–7.5] years in the long-term group.

In the prepubertal group, median [IQR] baseline
BMDTBSDS was normal according to age- and sex-matched
healthy children (0.0 [�1.0–0.8]) and BMDLSSDS was sig-
nificantly lower than 0 SDS, but in the normal range (�0.3
[�1.0–0.0]). In the long-term group, BMDTBSDS and
BMDLSSDS were normal according to age- and sex-
matched healthy children (0.2 [�0.6–0.7] and �0.3
[�1.1–0.7], respectively). Height SDS was significantly
lower than Dutch references (�2.3 [�3.1–�1.5]; P �
.0001; and �2.4 [�3.1–�1.8]; P � .0001, respectively).
Because of the short stature in children with PWS, we also
calculated BMADLSSDS. Baseline BMADLSSDS was well
within the normal range, being 0.4 [�0.2–1.3] in the pre-
pubertal group and 1.0 [�0.2–1.7] in the long-term group,
respectively.

Body composition in the prepubertal and long-term
groupshowedahighmedian [IQR]baseline fat%SDS(2.3
[2.0–2.8] and 2.5 [2.2–2.7], respectively) and a low LBM
SDS (�2.2 [�2.7–�1.8] and �2.3 [�2.9–�1.9], respec-
tively). BMI SDS was significantly higher than Dutch ref-
erences (1.1 [0.0–1.8]; P � .0001; and 1.2 [�0.1–1.8]; P �
.0001, respectively).

BMD during 4 years of GH in prepubertal children
Figure 1 shows the course of BMDTBSDS, BMDLSSDS,

and BMADLSSDS during 4 years of GH treatment in 77

prepubertal children. During the first year of GH treat-
ment, BMDTBSDS decreased significantly (P � .001). Af-
ter the first year of GH treatment, mean (SEM) BMDTB-

SDS gradually increased to 0.42 (0.13) after 4 years of GH
treatment (P � .001 compared with baseline). BMDLSSDS
increased significantly (P � .001) during the first year of
GH treatment. After the first year of GH treatment,
BMDLSSDS remained significantly higher than at baseline,
0.69 (0.14); P � .001. BMADLSSDS remained very stable
over time, and was not significantly different from base-
line after 4 years of treatment [0.90 (0.15); P � .229].
Thus, during 4 years of GH treatment, BMDTBSDS and
BMDLSSDS increased and BMADLSSDS remained stable,
between 0 and 1 SDS.

BMD during 9 years of GH treatment
Figure 2 shows the course of BMDTBSDS, BMDLSSDS

and BMADLSSDS during 9 years of GH treatment in 64
children, who became pubertal during this long-term
study. After 9 years of GH treatment, the BMDTBSDS was
not significantly different compared with baseline [�0.03
(0.16); P � .716]. However, the BMDTBSDS was signifi-
cantly lower after 9 years of GH treatment compared with
the BMDTBSDS after 4 years of GH treatment [0.39
(0.14); P � .001]. Also the BMDLSSDS was not signifi-
cantly different compared with baseline [�0.01 (0.19);
P � .251], after 9 years of GH treatment. However, also
the BMDLSSDS was significantly lower after 9 years of GH

Table 1. Baseline Characteristics at Start of GH Treatment

Characteristic

Prepubertal Group Long-Term Group

N Median % IQR N Median % IQR

N (male/female) 77 (37/40) 48/52 64 (33/31) 52/48
Genetics

Deletion 34 44.2 30 46.9
mUPD 34 44.2 25 39.1
ICD/translocation 4 5.2 5 7.8
Unknown 5 6.5 4 6.3

Age at start GH, y 5.5 3.2 – 7.5 5.6 3.4 – 7.5
Age at start puberty females, y 9.9 9.1 – 11.2
Age at start puberty males, y 11.5 10.6 – 12.6
BMDTBSDS 0.0 �1.0 – 0.8 0.2 �0.6 – 0.7
BMDLSSDS �0.3 �1.0 – 0.0a �0.3 �1.1 – 0.7
BMADLSSDS 0.4 �0.2 – 1.3b 1.0 �0.2 – 1.8d

BMC SDS �2.1 �2.7 to �1.6c �2.0 �3.0 to �1.3c

Fat % SDS 2.3 2.0 – 2.8c 2.5 2.2 – 2.7c

LBM SDS �2.2 �2.7 to �1.8c �2.3 �2.9 to �1.9c

Height SDS �2.3 �3.1 to �1.5c �2.4 �3.1 to �1.8c

BMI SDS 1.1 0.0 – 1.8c 1.2 �0.1 – 1.8c

Abbreviations: ICD, imprinting center defect; UPD, uniparenal disomy.

Data are expressed as median (IQR), SDS according to age-and sex-matched Dutch reference values (29–31).
a P � .05, compared with 0 SDS.
b P � .01.
c P � .0001.
d P � .001.
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treatment compared with the BMDLSSDS after 4 years of
GH treatment [0.63 (0.17); P � .001]. The BMADLSSDS
remained stable during the first 4 years [0.89 (0.16); P �
.740] and then decreased to 0.10 (0.15), after 9 years of
GH treatment (P � .0001, compared with 4 y).

Thus, although BMDs improved or remained stable
during the first 4 years of GH treatment, we observed a
decline after 4 years of GH treatment in BMDTBSDS,
BMDLSSDS, and BMADLSSDS. Because almost all pa-
tients became pubertal during the 9-year study, we in-
vestigated the course of BMDTBSDS and BMADLSSDS
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according to age and pubertal development in the long-
term group.

Influence of variables on BMDTBSDS and
BMADLSSDS

In the following analyses we used BMADLSSDS instead
of BMDLSSDS, because the BMADLSSDS is corrected for
bone size.

Genotype
The course of BMDTBSDS and BMADLSSDS over time

was not significantly different between children with a
deletion or an maternal uniparental disomy (P � .300).
Other genotypes were not statistically tested because the
numbers were too low.

Age
In girls, without estrogen substitution, mean (SEM)

BMDTBSDS declined significantly from 0.46 (0.19) at the
age of 11 years to 0.28 (0.19) at the age of 12 years (P �
.004), with a further decline to �0.59 (0.27) at the age of

17 years, (P � .0001). BMADLSSDS also declined signif-
icantly from 0.56 (0.19) at the age of 11 years to 0.30
(0.16) at the age of 12 years (P � .020). Subsequently,
BMADLSSDS decreased to �0.68 (0.21) at the age of 17
years (P � .001) (Figure 3A).

In boys, without T substitution, mean (SEM) BMDTBSDS
declined significantly from 0.25 (0.23) at the age of 14 years
to �0.01 (0.25) at the age of 15 years, (P � .048), with a
further decline to �1.52 (0.59) at the age of 19 years (P �
.002). BMADLSSDS declined significantly from 0.40 (0.24)
at the age of 16 years to �0.07 (0.29) at the age of 17 years,
(P � .026). Subsequently, BMADLSSDS decreased to �1.39
(0.64) at the age of 19 years (P � .005) (Figure 3B).

Tanner stages
By introducing only Tanner stages in the mixed-model

analysis, we investigated the effect of Tanner stages on
BMDs. Mean (SEM) BMDTBSDS declined from �0.02
(0.14) at T2 to �0.20 (0.16) at T4, (P � .106), and
BMADLSSDS declined significantly from 0.45 (0.12) at T2
to 0.12 (0.016) at T4, (P � .015).
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Figure 3. BMDTBSDS and BMADLSSDS in boys and girls. A, f, BMDTBSDS; and Œ, BMADLSSDS, estimates marginal means with 95% confidence
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The median (P10–P90) ages at attaining each of the
pubertal M stages (M2–M5) in girls and G stages (G2–G5)
in boys with PWS are presented in Figure 3, C and D.
Compared with healthy references (32), the median ages at
attaining M2 and M3 in girls and G2 and G3 in boys with
PWS were not significantly different, whereas the progres-
sion to pubertal stages 4 and 5 was delayed (in girls P � .05
and P � .025, respectively, and in boys P � .009 and P �

.018, respectively).
Figure 3, C and D show the median (IQR) ages and

serum estradiol and T levels corresponding to the median
ages at attaining M/G2, M/G3, M/G4, and M/G5. Re-
markably, despite an increase in Tanner stages, almost no
increase in serum sex hormone levels was observed.

Thus, Figure 3 shows that the decline in BMD com-
pared with age- and sex-matched peers is paralleled with
low serum sex hormone levels.

Sex hormone treatment
Six girls between 12 and 18 years of age, started with

estrogen therapy during the last 1–5 years of GH treat-
ment. Five boys between the ages of 13 and 17 years
started T treatment during the last 1–3 years of GH treat-
ment. During 9 years of GH treatment, these 11 children
had a lower BMDTBSDS (P � .003) and BMADLSSDS (P �

.003) over time. They started GH treatment significantly
later than the rest of the long-term group (age, 8.8 [5.2–
9.9] y vs 5.3 [3.1–6.8] y; P � .002) and also entered pu-
berty significantly later (11.7 [11.2–12.9] y vs 10.6 [9.5–
11.6] y; P � .01). Because of the wide variation in age at
start, dosage, and duration of the treatment and the small
sample size, we were not able to study the effects of sex
hormone treatment on BMD.

Multiple regression analysis in the long-term
group

Table 2 shows the results of the most recent DXA scan
in the long-term group at a median [IQR] age of 14.5
[12.8–15.8] years. The median duration of GH treatment
had been 9 [8–10] years. BMDTBSDS, BMDLSSDS and
BMADLSSDS were not significantly different compared
with 0 SDS. We performed a multiple regression analysis
to determine associations between age at start of GH
treatment, LBM SDS, and fat% SDS with BMDLSSDS,
BMDLSSDS, and BMADLSSDS (Table 3). Age at start of
GH treatment was negatively associated with BMDTBSDS
and BMDLSSDS (� � �0.21; P � .049 and � � �0.22; P �

.040, respectively), indicating that a 1-year earlier start of
GH treatment will result in a higher BMDTB and BMDLS

of �0.21 SDS and �0.22 SDS, respectively. BMDTBSDS
and BMDLSSDS were positively associated with LBM SDS
(P � .001 and P � .001). BMADLSSDS was not associated

with LBM SDS. BMDTBSDS was also positively associated
with fat% SDS (P � .008), but less than LBM SDS.
BMDLSSDS and BMADLSSDS were not associated with
fat% SDS.

Discussion

Our study demonstrates that BMDTBSDS and BMDLSSDS
increased and BMADLSSDS remained stable, around the 0
SDS, during 4 years of GH treatment in prepubertal children
with PWS. After 4 years of treatment, the BMDTBSDS,
BMDLSSDS, and BMADLSSDS decreased significantly, but
remained within the normal range. The BMDTBSDS de-

Table 2. Last DXA Scan in the Long-Term Group

N Median % IQR

N (male/female) 64 (33/31) 52/48
Tanner (M/G)

1 4 6.3
2 15 23.4
3 22 34.4
4 18 28.1
5 4 6.3
Unknown 1 1.6

Age, y 14.5 12.8–15.8
GH treatment, y 9 8–10
BMDTBSDS �0.2 �0.8–0.6
BMDLSSDS 0.0 �0.9–0.9
BMADLSSDS 0.1 �0.7–0.9
BMC SDS �0.8 �1.3–0.6a

Fat % SDS 2.3 1.9–2.6b

LBM SDS �2.0 �2.9–�1.1b

Height SDS �0.5 �1.5–0.4c

BMI SDS 1.2 0.2–1.9b

Data are expressed as median (IQR), SDS according to age- and sex-
matched Dutch reference values (29–31).
a P � .05, compared with 0 SDS.
b P � .0001.
c P � .001.

Table 3. Multiple Regression Analysis for BMDTBSDS
and BMDLSSDS and BMADLSSDS

BMDTBSDS BMDLSSDS BMADLSSDS

� P � P � P

Age at
start
GH

�0.21 .049 �0.22 .040 �0.10 .450

LBM SDS 0.74 <.001 0.63 <.001 0.19 .177
Fat %

SDS
0.26 .008 0.15 .133 0.09 .486

Model
P-value

<.001 <.001 .019

R square 0.58 0.56 0.22

Adjusted for sex, height SDS and Tanner stages. Bold numbers are
significant.
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creased significantly during adolescence, after the age of
11 years in girls and 14 years in boys. BMADLSSDS de-
creased significantly from the age of 11 years in girls and
16 years in boys. After 9 years of GH treatment, LBM SDS
was the most powerful predictor of BMDTBSDS and
BMDLSSDS in adolescents with PWS.

This is the first study investigating the long-term effects
of GH treatment on BMDs in PWS. The improvement in
BMDTBSDS and BMDLSSDS and the stable BMADLSSDS
in prepubertal children during 4 years of GH treatment
suggest that GH treatment has a positive effect on BMD.
This finding is in line with a 3-year GH study, which ob-
served a stable BMDLSSDS in children with PWS (15). The
improvement in BMD could be due to direct effects of GH
treatment, as is also seen in children with GH deficiency
(33), or indirectly, by increasing the LBM (34). At base-
line, bone mineral apparent density was higher than av-
erage, probably due to a higher BMI and a relatively early
adrenarche (35).

Previously, we observed an increase of LBM SDS in the
first 2 years of GH treatment and a stabilization of the
LBM approxiamtely �1.5 SDS during continued GH
treatment (2). LBM was a strong predictor of BMD in our
patients. Recent studies support our findings that lean
body mass has a greater effect on BMD than fat mass (36,
37). Thus, it seems that physical activity in combination
with GH treatment is important to optimize the BMD,
especially in patients with PWS. In addition, we observed
that a younger age at start of GH was associated with a
higher BMDTBSDS and BMDLSSDS. We found that a
5-year earlier start of GH treatment results in a 1-SDS
increase in BMDTB and BMDLS at the age of 14.5 years.
Thus, our study suggests that early GH treatment has a
protective effect on BMDs in children with PWS. How-
ever, we acknowledge that our study was not designed to
investigate the latter, as all children received long-term
GH treatment.

During the long-term treatment, all BMDs remained
within the normal range for age- and sex-matched con-
trols. We observed, however, a decline in BMDs SDS after
4 years of followup compared with age-and sex-matched
reference values. Our data show that in adolescents with
PWS, girls from the age of 11 years and boys from the
age of 14 years have a decline in BMDTBSDS and
BMADLSSDS. This is in line with literature describing
BMDTB and BMDLS in the low-to-normal range in young
adults with PWS (18). Abnormal pubertal development in
PWS is previously described by our group (22, 23). After
a normal onset of puberty, a lack of pubertal progression
is observed during adolescence. We observed low serum
levels of estradiol and T and a lack of pubertal progres-
sion, with only few adolescents progressing to Tanner

stage 5. A higher Tanner stage was associated with a trend
to a lower BMDTBSDS and in a significantly lower
BMADLSSDS. This negative association may be explained
by the lack of pubertal progression and low sex hormone
levels. We observed that the children who started sex hor-
mone therapy were older at start of GH treatment and
entered puberty later. Starting low doses of sex hormones
should be considered when girls are 11 and boys are 14
years old, unless there is a normal progression of puberty.
The importance of which is underlined by our results,
showing a low BMD in children age 17–19 years, which
will most likely result in osteopenia and osteoporosis at an
early age if not timely intervened. In girls with Turner
syndrome, low doses of estrogens started in childhood and
slowly increased during adolescence resulted in a better
adult height, improved BMD, and had neurocognitive and
behavioral benefits (38, 39). Recently, positive effects of T
replacement therapy without behavioral problems were
described in 16–48-year-old males with PWS (7).

Due to the decline in BMD during adolescence, it is very
likely that young adults with PWS will not attain the same
peak mass as healthy peers. This might increase the frac-
ture risk in later life (11, 20). Healthy girls attain their peak
bone mass at the mean age of 19.9 years and boys at 20.1
years (11). Because GH treatment is only registered until
patients with PWS reach adult height, we were not able to
study the effect of GH treatment on BMD in young adults
older than 19 years of age. Further research should study
BMD during long-term GH treatment in combination
with sex hormone replacement therapy in young adults
with PWS to find the optimal treatment combination. Be-
sides, continuation of GH treatment during transition
from late adolescence to early adulthood in patients with
PWS must be studied because in young adults with growth
hormone defiency, BMDs deteriorate after discontinua-
tion of GH treatment (40–42).

In conclusion, BMDTBSDS, BMDLSSDS, and BMADLSSDS
in GH-treated prepubertal children with PWS remain
completely within the normal range compared with age-
and sex-matched reference values. However, during ado-
lescence a decrease in BMDs is observed to low-normal
values. To avoid a higher risk for osteoporosis in later life,
we recommend stimulating physical activity to improve
lean body mass and to closely monitor BMD from the age
of 11 years in girls and 14 years in boys with PWS. To
prevent the decline in BMDTB or BMADLS, clinicians
should be aware of this problem and start sex hormone
therapy when serum sex hormone levels remain low in
girls from the age of 11 years and in boys from the age of
14 years.
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