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Abstract

More and more data seem to indicate the presence of an increasing number of syndromes and 
genetic diseases characterized by impaired bone mass and quality. Meanwhile, the improve-
ment of etiopathogenetic knowledge and the employment of more adequate treatments have 
generated a significant increase in survival related to these syndromes and diseases. It is thus 
important to identify and treat bone impairment in these patients in order to assure a better 
quality of life. This review provides an updated overview of bone pathophysiology and charac-
teristics in patients with Down, Turner, Klinefelter, Marfan, Williams, Prader-Willi, Noonan, 
and 22q11 deletions syndrome. In addition, some options for the treatment of the bone status 
impairment in these patients will be briefly discussed.

Key words: Bone mineral density, Fragility fractures, Genetic syndrome, Osteoporosis, Syndromes

Review

HORMONES 2015, 14(1):19-31

Address for correspondence:
Stefano Stagi, MD, Department of Health Sciences, University 
of Florence, Anna Meyer Children’s University Hospital, 
Florence, Italy;  
Tel.: +39-055-8451210; Fax: +39-055-8451211;  
E-mail: stefano.stagi@yahoo.it
Received: 14-09-2014, Accepted: 13-01-2015

because it enables increased survival and enhanced 
quality of life.

The process of bone turnover, which is crucial to 
ensure optimal bone quality and mass, is regulated 
by local or/and systemic factors.1,2 An impairment of 
bone resorption or a defect in quality or quantity of 
neo-synthesis processes is, by contrast, likely to lead 
to a condition of reduced gain or loss of bone mass.1,2 

Indeed, many data show that bone diseases may 
originate at very early stages of life.3 In fact, from 
the first weeks of intrauterine life, bone presents a 
progressive increase until reaching a maximum value 
called peak bone mass (PBM) from 16-18 years (e.g., 
for the spine and femoral neck) and up to 35 years 
(for the skull).4,5 

The achievement of this value is influenced by the 

Introduction

Improved research and scientific data, particularly in 
the last few years, have helped to explore the presence 
of altered bone density and quality in an increasing 
number of syndromes and genetic diseases. These 
developments, associated with increasing etiopathoge-
netic knowledge and more adequate treatments, have 
led to emphasis being placed on the importance of 
identifying and treating bone impairments as early as 
possible. This is, of course, of particular significance 
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interaction of genetic, environmental, endocrinological, 
and mechanical factors regulating bone metabolism. 
Each of these factors influences the structure, the 
degree of mineralization, and the turnover of bone 
tissue (Figure 1).4-6

Genetic syndromes and diseases may affect bone 
structure and quality directly or indirectly, with the 
involvement of systems regulating bone metabolism 
from conception (Table 1). This has a negative impact 
on the attainment of PBM and predisposes patients 
to develop more or less severe forms of osteoporosis, 
with a consequent deterioration in quality of life. 

Unfortunately for many of these patients, there are 
still few studies with regard to bone metabolism in 
the short and long term. One of the reasons for this 
is that it is difficult to obtain meaningful data from 
the small number of patients available.

The study of bone tissue in individuals with ge-
netic syndromes is very complex because, in addition 
to the limits presented by various diagnostic tech-
niques, there are also obstacles related to the correct 
interpretation of the data, such as the short stature 
or pubertal problems that are frequently present in 
these patients.3,7,8 Moreover, information on bone age 
at the time of bone status evaluation are often miss-
ing as delayed bone age can confound the results on 
bone mineral density measurements. Thereafter, in 
some genetic syndromes the special morphology of 
the bone or tissue composition may affect data col-
lection. However, the lack of specific reference for 
height or bone quality and mass values for specific 
syndromes may be false positives or false negatives 
because the reference values are matched to the normal 
population.7,8 The presence of mental retardation is 
also frequent and can make it difficult to use some 
techniques that require good compliance.3

For these reasons, there are currently no com-
monly accepted protocols or guidelines regarding 
the appropriate use of various techniques for assess-
ing bone mass. Meanwhile, it is also very difficult 
to identify the specific alteration of the metabolic 
defect in the context of rare and extremely complex 
syndromes, which also complicates the preventive 
and therapeutic approach.

The eventual identification of a defect in bone 
metabolism at an early stage of life makes it pos-
sible to employ specific diagnostics, treatment, and 
follow-up to improve the quality of life of patients 
and to prevent further disability. 

This review provides an updated overview of 
bone pathophysiology and characteristics in patients 
with Down, Turner, Klinefelter, Marfan, Williams, 
Prader-Willi, Noonan, and 22q11 deletions syndrome. 
Additionally, some options for the treatment of bone 
impairment will be briefly discussed.

Down syndrome

Down syndrome (DS; OMIM #190685) is a fre-
quent genetic disorder that exhibits a prevalence of 1 
in 700 live births and results from an extra 21 chro-
mosome or a duplication of a critical portion of it.9 
DS patients show cognitive impairment, low muscle 

Figure 1. Various factors influence the interaction between mus-
cle and bone, and bone accrual and resorption.

Table 1. Genetic syndromes mainly associated with impaired bone 
mass and quality

• Down syndrome
• Turner syndrome
• Klinefelter syndrome
• Prader-Willi syndrome
• Marfan syndrome
• Williams syndrome
• 22q11 deletion syndrome
• Noonan syndrome

Note. This Table lists only the most frequent genetic syndromes 
associated with primary osteoporosis according to the recent 
literature.



Syndromic osteoporosis	  21

tone, and craniofacial alterations that affect many 
systems including bone.10 Because of the increased 
life expectancy today of DS patients, the acquisition 
of a good PBM may represent an important factor in 
the prevention of osteoporosis, bone fragility, and 
related fractures in these patients.11 

Several studies have reported that DS patients have 
a lower level of bone mass than their peers without 
DS, but it is unclear whether this is due to specific 
effects of chromosome 21 genes or their lifestyle 
factors (Table 2).12,13

Gonzalez-Aguero et al report lower values of bone 
mineral density (BMD) in children with DS with 
respect to unaffected siblings. Moreover, the differ-
ences in the observed sexual dimorphism indicate 
a non-standard bone development in this specific 
population.10 However, McKelvey et al measured 
BMD by dual-energy X-ray absorptiometry (DXA) 
in a group of 30 patients with DS and revealed that 
53.3% showed a BMD ≤-2 SDS. The authors also 
demonstrated that both bone formation and resorp-
tion were suppressed in DS compared with controls, 
indicating low bone formation and decreased bone 
turnover as the primary causes of the low bone mass 
observed in these patients.13 Wu compared BMD by 
DXA between preadolescent boys with and without 
DS and confirmed that patients with DS have lower 
BMD and bone mineral content (BMC), also sug-
gesting that the pelvis may be the first site to show 
bone impairment in DS.14 These results were partially 
confirmed by peripheral quantitative computed to-
mography (pQCT) where a higher volumetric bone 
mineral density (vBMD) was observed in determined 
skeletal sites.15 Nevertheless, adolescents with DS 
have a higher risk of suffering bone fractures due to a 
decreased bone resistance to load bending or torsion.15

In DS, factors possibly related to low bone mass 
are hypotonia, low amounts of physical activity, poor 
calcium and vitamin D intake, celiac disease, and hor-
monal factors.16 Hypotonia not only is a characteristic 
of DS, but it represents a limit to physical activity.17 
However, some authors studying the effect of physical 
activity alone or of increase of calcium intake alone 
did not demonstrate a significant effect on BMD. 
On the contrary, studies carried out on patients with 
DS who received an increase of calcium intake and 
who were subjected to a specific program of physical 
activity have shown that these two elements have a 
beneficial synergistic effect on BMD.18 Moreover, 
hypovitaminosis D seems to be very frequent in DS, 
in particular in subjects with obesity and autoimmune 
diseases.19 DS patients with obesity and autoimmune 
diseases could require higher cholecalciferol sup-
plementation.19 Nevertheless, no data about vitamin 
D intake and BMD are reported in DS. 

Finally, adolescents with DS in the high physical 
activity tertile showed lower risk of developing future 
osteoporosis by having a higher BMD Z-score at the 
hip; this demonstrates the importance of accumulated 
minutes of physical activity on bone health in ado-
lescents with DS.17

Nevertheless, other authors demonstrated that one 
year of training significantly increased BMC values at 
the lumbar spine and total hip and BMD values only 
at the lumbar spine, whereas changes in broadband 
ultrasound attenuation (BUA) and speed-of-sound 
(SOS) values were not evident following training 
but showed a lower bone improvement compared to 
that reported.20

Thus, impaired bone mass and quality is a frequent 
characteristic of DS probably related to some skeletal 
segments compared to others. In these patients, many 
factors affect correct bone turnover and gain, and 
therefore a multidisciplinary approach that comprises 
constant physical activity and an optimal calcium and 
vitamin D intake is mandatory.

Turner syndrome

Turner syndrome (TS) is the most common gonadal 
dysgenesis in females and occurs in about 1 per 2,000 
liveborn females.21 This syndrome is due to the total 

Table 2. Mechanisms contributing to reduced bone mass in Down 
syndrome

• Down syndrome related mechanisms
• Hypotonia
• Low physical activity levels
• Low intake of calcium 
• Low vitamin D levels
• Hormonal factors
• Autoimmune diseases
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absence of one X chromosome, mosaicisms, or its 
structural abnormalities.21 

The classic TS phenotype includes short stature, 
gonadal dysgenesis with primary amenorrhea and 
hypergonadotropic hypogonadism, facial and body 
dysmorphisms, skeletal abnormalities, cardiovascular 
and renal malformations, and predisposition to auto-
immune diseases, such as thyroid diseases, diabetes 
mellitus, celiac disease, and vitiligo.21 Short stature 
is always present and is caused by several factors, 
such as Short Stature Homeobox (SHOX) haploinsuf-
ficiency and related skeletal dysplasia, intrauterine 
growth retardation, poor growth in early childhood, 
absence of the growth spurt, and skeletal dysplasia.21 

TS is a state of reduced sensitivity to growth hor-
mone (GH) rather than a GH deficiency, and treatment 
with high doses of GH can increase growth velocity 
and final height. In puberty, estrogen therapy should 
be coordinated with GH use.21 However, optimization 
of bone health in girls with TS also requires maintain-
ing a healthy, active lifestyle with adequate calcium 
and vitamin D intake.22

Despite only limited reports of a greater number 
of fractures during childhood or adulthood, osteo-
porosis historically has been described as a feature 
in TS. However, data of prevalence of osteoporosis 
in TS are not uniform and the causes have not been 
fully elucidated (Table 3). 

Several studies have concluded that TS patients 
have low BMD.22 For example, Lisà et al described 
a reduced bone density in 25% of TS associated with 
reduced osteocalcin and alkaline phosphatase values, 
indicating a reduced osteoblast activity.23 However, 
Benetti-Pinto et al studied BMD by DXA in 38 women 

and showed a marked decrease in BMD of the lumbar 
spine (90%) and femoral neck (55%). Interestingly, the 
authors have found a positive correlation with BMD in 
the lumbar spine and the duration of estrogen therapy 
but not with the age at which therapy was initiated.24

More recently, Nadeem calculated bone mineral 
apparent density (BMAD) for correction of misdiag-
nosed BMD due to short stature and demonstrated that 
TS patients have lower BMAD values at the lumbar 
spine compared with an age- and sex-matched general 
population. According to their study, puberty had a 
positive impact on BMAD irrespective of the time 
of its commence. In addition, they noted that it is the 
stage of puberty, not the age at initiation of estrogen 
therapy, which is important for BMAD. No influence 
of karyotype on BMAD was demonstrated.25

However, using new techniques such as high-res-
olution peripheral quantitative computed tomography 
(HR-pQCT), Hansen et al evaluated 32 TS patients 
and 32 controls matched respective to age and body-
mass index and showed that TS had compromised 
trabecular microarchitecture and lower bone strength at 
the radius and tibia, which may partly account for the 
increased risk of fracture observed in these patients.25 

Nonetheless, other studies have displayed con-
flicting results. For example Shaw et al conducted 
a longitudinal study examining BMD at the lumbar 
spine in 18 girls with TS aged 4-17 years by DXA 
several times over a 2.5-year period. They reported 
only one girl with a significant bone density reduc-
tion in comparison with controls. No advantage was 
found for any form of treatment in optimizing bone 
mineralization.27

Estrogen therapy is very important to avoid a 
rapid decrease in BMD and to induce maximal peak 
bone mass in TS adolescents. Bertelloni et al stud-
ied 26 young women with TS at final heights. The 
areal BMD (aBMD) and the vBMD measured by 
DXA demonstrated that final heights and aBMD were 
significantly higher in TS treated with estrogen and 
GH therapy than those in patients treated only with 
estrogen therapy. Nevertheless, vBMD was higher, 
though not significantly different between the groups.28 
These data may suggest that in TS, GH administra-
tion improves final height and aBMD, but it does not 
significantly increase vBMD; aBMD reduction in 

Table 3. Mechanisms contributing to reduced bone mass in Turner 
syndrome

• Turner syndrome related mechanisms
• Puberty delay
• Estrogen deficiency
• Low intake of vitamin D
• Vitamin D receptor gene polymorphisms
• Hormonal factors (i.e., thyroid disorders)
• Autoimmune diseases
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of hormonal factors, including the growth-regulating 
hormones and the gonadal steroids. However, ad-
ditional measures to prevent osteoporosis must be 
taken, such as ensuring adequate calcium, vitamin 
D intake, ample weight-bearing activities, and the 
precocious diagnosis of autoimmune diseases such 
as celiac disease. 

Klinefelter syndrome

Klinefelter syndrome (KS) is a chromosomal disor-
der with a prevalence of 1/500-1/600 newborn males 
and is characterized by the presence of one extra 
X chromosome resulting in a 47,XXY karyotype. 
However, other karyotypes have also sometimes been 
observed (10%), such as 48,XXYY; 48,XXXY; and 
49,XXXXY.33 

Classical KS is characterized by primary hypog-
onadism resulting in a progressive testicular failure 
that begins during pubertal development. Clinical 
phenotype includes increased stature, gynecomastia, 
small testes, and infertility.34 However, a less dis-
tinctive phenotype has been observed. In fact, KS is 
an underdiagnosed condition; only 25% of patients 
are diagnosed, and only a minority of these before 
puberty,35 although the number of prenatal diagnosis 
are increasing.

Presence of metabolic bone disorders in KS has been 
described (Table 4). In fact, testosterone regulates male 
bone metabolism directly by the androgen receptor 
on the osteoblast and indirectly by aromatization to 
estrogens, which promotes periosteal bone formation 
during puberty and reduces bone resorption in adult 
life. However, trabecular bone is rich in androgen 
receptors. Androgens increase the volume of trabecular 
bone and therefore increase trabecular number, which 
impedes resorption and reduces intertrabecular space.36 
At puberty, testosterone is important for bone matu-
ration and for achieving adequate peak bone mass. 
Decreased bone mass in KS has been traditionally 
related to low testosterone levels.

Jo et al described 18 KS adults treated with tes-
tosterone by measuring BMD by DXA at the lumbar 
spine and at the femoral neck. The BMD at the lum-
bar spine increased significantly after testosterone 
treatment.38 In contrast, testosterone therapy does not 

Turner syndrome is likely due to the impaired growth 
and reduced bone size. 

In these patients, there are many data that show a 
beneficial dose-dependent GH effect on BMD. Neely 
et al, for example, evaluated the bone mineral status 
of 19 TS adolescents by DXA at the lumbar spine and 
demonstrated that BMC and BMD as well as BMAD 
in TS on GH therapy are normal and lumbar bone 
mineral is greater in younger TS than in controls; this 
difference could be related to GH therapy.29 However, 
in a longitudinal study, Sas et al measured BMD by 
phalangeal radiographic absorptiometry in 68 previ-
ously untreated TS and divided them into three groups 
according to the dose of GH. During 7 years of GH 
treatment, the BMD Z-score showed a significant 
increase respective to the baseline when BMD values 
were within the normal range of healthy girls. The 
increment in BMD SDS, consisting predominantly of 
cortical bone, was significantly higher in the group 
receiving a higher GH dosage.30

Unfortunately, there are no uniform data from 
current studies on bone metabolism. This is due to 
the difficulty in recruiting a significant number of 
untreated TS patients to compare with treated subjects 
and/or with healthy subjects. In addition, the BMD 
measurement techniques commonly used today are 
limited by the presence of short stature in TS and also 
by the absence of TS-specific BMD reference values.​

In TS, the presence of co-morbidity may further 
compromise normal bone metabolism. Celiac disease 
is a common secondary cause of metabolic bone dis-
ease, and the incidence of this autoimmune disorder 
is increased in TS. A good vitamin D status is very 
important for bone, but in TS it may be compromised 
by celiac disease.31

A study of the relationship between vitamin D re-
ceptor gene polymorphisms in TS shows that patients 
carrying genotype BsmI or FokI had lower BMD 
than those with other genotypes. Moreover, in TS 
the presence of low BMD and the increased fracture 
risk may be due to a genetic defect of the vitamin D 
receptor aggravated by hormonal deficiency.32

Thus, the pathogenesis of the skeletal deminerali-
zation in TS support the concept of an intrinsic bone 
defect that is subsequently exacerbated by a number 
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Table 4. Possible mechanisms contributing to reduced bone mass in Klinefelter syndrome
Mechanisms Bone structure involved
Low 25(OH)D levels bone mass in toto
Unfavourable muscle/fat ratio bone mass in toto
Low testosterone levels bone mass in toto
Low androgen receptor expression (AR) bone mass in toto
Nonrandom X-chromosome inactivation trabecular bone
AR CAG length trabecular bone
Low insulin-like growth factor-3 (IGFBP-3) levels trabecular bone
Estrogen deficiency cortical bone
Modified by Ferlin et al, 2011.37

necessarily increase bone mass, and low bone mass 
was also observed in patients with normal testosterone 
levels. In fact, Ferlin et al evaluated 112 KS patients 
and showed that 42.5% were affected by osteοpenia/
osteoporosis. No significant relationship was observed 
between testosterone levels and bone mass, and the 
prevalence of osteopenia/osteoporosis was similar 
in subjects with normal and low testosterone levels. 
Furthermore, the androgen receptor CAG polymor-
phism study showed that the CAG polymorphism of 
the androgen receptor contributes to a decreased bone 
mass.34 These results are in contrast to a precedent 
study of Zitzmann et al that measured bone density 
with a phalangeal bone ultrasound in 77 KS patients 
untreated with testosterone and which observed that 
the CAG polymorphism is negatively and indepen-
dently associated with BMD.39

In another study, Bojesen et al analyzed 70 KS 
patients (50% of whom had been treated with tes-
tosterone) by DXA and studied the impact of the 
androgen receptor polymorphism and skewed X in-
activation on phenotype. These authors did not find 
any tendency for the allele with the shortest CAGn to 
be preferentially inactivated. Also, they observed no 
impact of skewed X-chromosome inactivation either 
on hormonal levels or on bone mass.40

Considering the presence of these unclear data, 
Ferlin et al suggested that variable degrees of puberty 
among KS subjects might lead to differences in the 
achievement of the BMD at PBM, thus resulting in 
different BMD in adult life. In this setting, differences 
in BMD in adulthood might reflect the timing of onset 
and the duration of the hypogonadism state.34 More 
studies are certainly needed.

Other systems have been studied to uncover the 
possible cause of reduced bone mass observed in KS 
patients. In fact, testosterone acts on vitamin D me-
tabolism. Francis et al described a correlation between 
testosterone levels and activity of renal 25-hydroxilase 
which would indicate that reduced testosterone levels 
are related to reduction of active vitamin D with a 
negative effect on bone metabolism.41

Stepan et al showed that 25-OH-vitamin D are 
in the low-normal range in KS subjects, and the rate 
of BMD gain at the femoral neck after ibandronate 
therapy was inversely related to 25-OH-vitamin D 
levels, but that the effects were adversely influenced by 
vitamin D insufficiency or deficiency.42 Furthermore, 
Ferlin observed reduced 25-OH-vitamin D levels in 
KS subjects compared with controls.34

In an interesting study, Aksglaede et al analyzed the 
muscle/fat ratio and BMC in 18 untreated participants 
and 6 KS boys receiving androgen and observed an 
unfavourable muscle/fat ratio with normal lumbar 
BMD and whole body BMC. These results suggest 
that the unfavourable metabolic profile seen in adult 
KS may already be present in childhood, as evidenced 
by the increased fat mass, whereas the reported low 
BMD seems to develop after puberty.43 It would be 
interesting to investigate whether, and if so how, the 
considerable presence of an unfavourable muscle/fat 
ratio affects hormone metabolism in these patients.

In conclusion, in KS the hypogonadism, or the 
reduced testosterone levels in particular if started 
early in life, represent one of the most important 
causes of osteoporosis. However, possible new causes 
for osteoporosis in KS might be related to androgen 
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receptor function. Additional measures to prevent 
osteoporosis must be implemented, such as ensuring 
adequate calcium and vitamin D intake and ample 
weight-bearing activities as well as the precocious 
diagnosis of autoimmune diseases.

Prader-Willi syndrome

Prader-Willi syndrome (PWS; OMIM #176270) 
is a complex genetic disorder that is due to one of 
the following: a deletion in the 15q11.2 region of the 
paternal allele, the presence of maternal 15q11 disomy, 
or an imprinting disorder located on chromosome 15 
(q11-13). PWS patients are characterized by neonatal 
hypotonia, feeding problems, growth retardation, and 
developmental delay followed by hyperphagia, severe 
obesity, short stature, hypogonadism, and cognitive 
difficulties after 2-3 years of age. Diabetes, osteopo-
rosis, and scoliosis are common.44,45

Increased fat mass and decreased lean body mass 
are characteristics of PWS. Muscle mass is decreased 
by 25-37%, which might partly explain the hypotonia. 
However, there are also structural and functional 
muscle abnormalities, and cortical motor areas are 
hypo-excitable in PWS patients.46

As demonstrated by several studies, PWS adult 
patients have a lower BMD than normal subjects.

Marked hypotonia may be a cause of reduced 
BMD according to the “mechanostat theory”, which 
postulates that bone adapts to the mechanical forces 
to which it is subjected to keep the strain on the 
bone at a constant set point.47 Hoybye et al studied 
bone metabolism and body composition of 19 PWS 
adults and found that BMD at the lumbar spine was 
significantly lower, with 4 patients (21%) exhibiting 
osteoporosis and 11 osteopenia.48 Similar data have 
also been reported by Butler et al, who compared 
21 obese subjects with PWS. These authors showed 
that PWS had a significantly lower BMD and BMC 
and higher unrinary N-telopeptides levels. They con-
cluded that decreased BMD in PWS may be related 
to the lack of depositing bone mineral during growth, 
possibly because of decreased production of sex or 
growth hormones and hypotonia.49

Vestergaard et al compared bone mineral status, 
body composition, and biochemical markers of bone 

turnover of eight PWS adults with age-, sex- and 
body mass index-matched controls and showed that 
BMD and BMC in the PWS group were significantly 
lower than in the control group. They postulated 
that these data were caused by an increased bone 
turnover probably linked to sex steroid deficiency 
because the resorptive and formative bone markers 
were significantly elevated and plasma testosterone 
was low in PWS males.50

However, several studies in PWS children reported 
that in infancy there are normal BMD values at the 
lumbar spine and reduced lean mass with low motor 
performance. These data are limited because children 
affected with PWS, with short stature and obesity, 
are very difficult to compare with an appropriate 
control group. Edouard et al studied muscle-bone 
characteristics in 17 PWS children (untreated with 
GH) compared to height-matched controls. They 
used DXA to study the lumbar spine, radius, and 
tibia by pQCT. BMD in PWS patients was normal 
in the axial and appendicular skeleton. Compared to 
age- or height-matched controls, PWS patients had 
lower maximal muscle force and power relative to 
body mass during jumping. PWS patients had similar 
absolute maximal muscle force but lower absolute 
maximal power compared to age- or height-matched 
controls. Relationships between bone mass and muscle 
size and force were similar in PWS patients and in 
healthy subjects.51

Other studies have focused on the effect of GH 
in PWS. Carrel et al studied the GH effects in PWS 
children and reported that GH early treatment (begun 
prior to 2 years of age) improves body composition, 
motor function, height, and lipid profiles.52 These 
gains are associated with increased BMD during GH 
treatment. For two years De Lind van Wijngaarden 
et al studied BMD in 46 PWS prepubertal children 
randomized in a group treated with GH and in a 
control group. They showed that at 24 months total 
body and lumbar spine BMD and BMAD did not 
significantly differ between the groups and that BMD 
was normal. GH treatment caused temporary decrease 
of total body BMD in the first 6 months of therapy, 
but at 24 months there were no effects. However, it 
is interesting that the values of IGF-1 were positively 
correlated with total body and lumbar spine BMD but 
not with BMAD.53 Similar data have been reported 
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by Colmenares et al after 36 months of GH supple-
mentation in 36 children with PWS.45

In a recent paper, Khare et al studied GH effects 
on BMD in the different genetic subtypes of PWS, 
and they demonstrated that in 44% total body, hip, 
and spine BMD was <-1 SDS and in 10% was <-2 
SDS. BMD Z-scores and total BMD in the spine were 
significantly higher in the GH-treated group than in 
controls. In patients with uniparental disomy there 
was higher BMD compared with patients with classi-
cal deletions, but this difference was not statistically 
significant.54

In conclusion, although the present data are not 
uniform, the importance of monitoring bone miner-
alization status in PWS is clear. GH treatment has 
beneficial effects on the auxological and metabolic 
conditions in subjects with PWS and probably the 
increase in lean body mass, and the consequent de-
crease of hypotonia has a beneficial effect on bone.

Noonan syndrome

Noonan syndrome (NS; OMIM #163950) is an 
autosomal dominant disorder that is characterized 
by dysmorphic facies, short stature, delayed puberty, 
cardiac defects, and skeletal deformities. About 50% 
of NS patients have a missense PTPN11 (Protein-
Tyrosine Phosphatase, Non-receptor Type 11; OMIM 
*176876) mutation, whereas other mutations exhibited 
are in the KRAS (V-KI-RAS2 Kirsten Rat Sarcoma 
Viral Oncogene Homolog; OMIM *190070), SOS1 
(Son Of Sevenless, Drosophila, Homolog 1; OMIM 
*182530), NRAS (Neuroblastoma RAS Viral Oncogene 
Homolog; OMIM *164790), and RAF1 (V-RAF-1 
Murine Leukemia Viral Oncogene Homolog 1; OMIM 
*164760) genes.55,56

Approximately 50-70% of individuals with NS 
have short stature, even though some individuals 
have normal growth and stature.57 However, puberty 
is typically, but not universally, delayed for both NS 
boys and girls with a reduced pubertal growth spurt.56

PTPN11 encodes a Src homology 2 domain con-
taining tyrosine phosphatase 2, a protein acting in 
the RAS-mitogen activated protein kinase (MAPK) 
signal transduction pathway.57 However, NS is also a 
disorder of the RAS-MAPK pathway. While clinical 

features such as short stature and skeletal deformi-
ties suggest an underlying skeletal dysplasia, little 
information is available on bone mineralization and 
metabolism. For example, Stevenson et al studied bone 
resorption markers in 49 patients with RAS-MAPK 
pathway disorders including 14 NS, and they sug-
gested an increased bone resorption in NS compared 
to controls.58 Takagi59 and Reinker et al60 reported 4 
NS adults with osteopenia, although a limited amount 
of information was provided regarding two of the 
patients described by Reinker et al.60 Noordam et al 
evaluated 16 NS children before and after GH therapy, 
and they reported low trabecular vBMD at baseline 
with improvement following GH therapy.61

Generally, 50% of NS subjects had a low bone mass 
as measured by DXA. Of these, mean BMC Z-score 
was marginally decreased (-0.89 SDS), whereas mean 
total body BMD z-score was significantly reduced to 
-1.87 SDS (-0.82 SDS if calculated on the basis of 
height). Biochemical evaluation of bone turnover was 
unremarkable, with the exception of serum IGF- I and 
IGF-BP3 levels, which were low-normal for age.62

The exact role of the RAS-MAPK pathway in the 
regulation of bone homeostasis is not clear. In NF1, 
another genetic disorder associated with dysregulation 
of the RAS-MAPK pathway, the NF1 gene encodes for 
neurofibromin which negatively regulates the activity 
of intracellular signaling molecule RAS by functioning 
as a GTPase-activating protein.63 Haploinsufficiency, 
or a deficiency of NF1, results in a dose-dependent 
increase in RAS activity, which in turn can activate 
a variety of downstream signaling pathways. Several 
data demonstrate that osteoprogenitors and osteoblasts 
from Nf1+/− mice and NF1 haploinsufficient human 
embryonic bone cells showed reduced expression 
of bone markers and/or produced less mineralized 
matrix when grown under osteogenic conditions.64 

Thus, metabolic bone disease present in NS may 
result from a subtle variation in the interplay of os-
teoclast and osteoblast activity without clear abnor-
malities being defined in the metabolism of either. 
The clinical significance of this finding needs to be 
validated by longitudinal studies. However, data 
about familiar history of bone diseases, exercise, and 
vitamin D intake, which would be helpful to gain in-
sight into the etiology, are lacking today. Importantly, 
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histomorphometric analysis of bone tissue obtained 
from patients with NS or mouse models of NS may 
allow us to establish associations between a molecular 
defect in the RAS-MAP kinase pathway and altera-
tions in the function of osteoblasts and osteoclasts 
on a tissue level.

Marfan syndrome

Marfan syndrome (MFS; OMIM #154700) is an 
autosomal dominant disorder with a prevalence of 
1 per 10,000 subjects exhibiting variable skeletal, 
cardiovascular, and ocular involvement.65 MFS is 
caused by Fibrillin 1 gene mutations (FBN1; OMIM 
*134797).66,67 In MFS, the phenotype is characterized 
by a prolapsed mitral valve, an aortic root diameter at 
the upper limits of normal for body size, skin stretch 
marks unrelated to weight gain or loss, and skeletal 
features, including scoliosis, chest wall deformities, 
and joint hypermobility.65

The loss of the fibrillin 1 protein has a subsequent 
effect on the pool of TGF-β, a factor that plays a criti-
cal role in bone health.66 TGF-β positively regulates 
osteoblast proliferation and differentiation in vitro.67 
In fact, TGF-β-/- mice exhibited low bone mass and 
quality.68 In addition, TGF-β may induce bone mes-
enchymal stem cells migration, which differentiate 
into osteoblasts. Moreover, Fbn1mgR/mgR mice 
exhibited decreased bone volume and density due 
to TGF-β driven osteoclastogenesis.68

In adults with MFS, reduced axial and peripheral 
BMD have been observed, suggesting that these 
patients may be at higher risk of fractures.69-77 Con-
versely, osteopenia has not been shown in some cases.78 
Nonetheless, there is a paucity of data regarding bone 
mineral status of MFS patients during childhood in 
the literature. For example, in a study involving 16 
MFS patients, a low BMD at the femoral neck and 
lumbar spine were reported.78,79 Other data indicated 
that MFS children have significantly lower BMC as 
well as whole-body and lumbar-spine BMD compared 
with controls.73 In contrast, another study reported 
normal BMD at the lumbar spine and femoral neck 
in 21 MFS children.79

Consequently, the ethiopathogenesis of impaired 
bone mass and quality in MFS is uncertain, though it 

is most likely a primary osteoporosis. Large amounts 
of data are necessary to better delineate the bone 
status of this syndrome.

Williams syndrome

Williams-Beuren syndrome (WBS; #194050) is 
a well-recognized disorder that affects 1:10000 live 
births and is characterized by typical facial dys-
morphisms, heart defects, short stature, and mental 
retardation.80 Over 90% of patients present a 1.5 Mb 
interstizial hemizygous deletion at 7q11.23 compris-
ing the elastine gene.80

Furthermore, despite the fact that 5% to 50% 
of WBS cases present as one or more episodes of 
hypercalcemia, a disorder once named ‘calcium ho-
meostasis disorder’, data about bone status in WBS 
are scarce in the literature.

Patients with WBS showed signs and symptoms 
related to premature aging. Also, bone status may be 
involved. Nevertheless, there are not many data about 
bone mass and quality reported in these patients. In 
one study, nine of 20 (45%) adults had decreased 
bone mineral density at multiple sites on DXA.81 In 
the same study, all of the WBS patients had normal 
blood calcium levels, except for one patient, a 41-year 
old man with a high calcium level.81 Therefore, in 
these patients vitamin D or calcium supplementation 
should be used with caution.82

However, since decreased bone density is more 
prevalent among adults with developmental disabili-
ties than among adults in the general population, this 
finding may be nonspecific. It is interesting to note 
the case reported by Knudtzon et al83 concerning two 
brothers with WBS, one of whom showed an osteo-
clerotic skeleton at birth and became osteoporotic at 
the age of 2 years. However, in this syndrome the 
possible appearance of celiac disease and thyroid 
dysfunction, such as early and fast puberty, may 
contribute to the impaired bone status.

22q11 deletion syndrome

22q11.2 deletion syndrome (22q11DS) comprises 
many different phenotypes, including DiGeorge syn-
drome (DGS; OMIM #188400), conotruncal anomaly 
face syndrome (CTAFS; OMIM #217095), and velo-



28	 S. Stagi ET AL

cardio-facial syndrome (VCFS; #192430).84 In West-
ern countries, chromosome 22q11.2 deletion occurs 
once in every 3,000 to 9,000 people.84 Since clinical 
phenotypes of DGS, CTAFS, and VCFS are overlap-
ping in many cases, it is difficult to differentiate the 
syndromes using clinical phenotypes alone.84,85

Most of the patients were diagnosed based on 
slightly and severely decreased immunity, facial de-
fects, and heart anomaly, and some patients have kidney 
abnormalities, hypoparathyroidism, hypothyroidism, 
and developmental retardation.84,85

Hypocalcemia caused by hypoparathyroidism is 
exhibited in 40-60% of patients with chromosome 
22q11.2 deletion,84,86 in 60% of patients with DGS, and 
in 20% of patients with VCFS.86 However, although 
hypoparathyroidism with hypocalcaemia is one of 
the most frequent clinical features of 22q11DS, bone 
mass and metabolism have rarely been assessed in 
these patients.86

Kaufman et al87 identified chromosomal regions 
associated with bone status and showed that the 22q11 
region was one of those associated with a lumbar 
spine BMD. However, we demonstrated that patients 
with 22q11DS show a significantly reduced BMAD 
Z-score compared with controls associated with a 
significantly lower ionized and total calcium levels 
as well as lower PTH levels.86 In particular, children 
and young patients with 22q11DS had significantly 
lower serum osteocalcin levels, BSAP levels, and 
urinary deoxypyridinoline concentrations. The above 
results suggest that these subjects present slow bone 
modeling and remodeling. This may cause reduced 
bone gain with a reduced PBM predispose the patient 
to a higher risk of impaired bone mass and quality 
in adulthood. However, Lee et al88 reported a female 
patient, with no untoward medical history other than 
a history of osteoporosis, who was diagnosed as hav-
ing CATCH 22; this confirmed data about adults with 
22q11DS who showed a high frequency of impaired 
bone status.86 In these patients, teriparatide treatment 
may potentially cause a gain in bone mineral density.89

It is therefore clear that subjects with 22q11DS 
may have a significant reduction in bone mass. More 
data and longitudinal studies are necessary to assess 
bone status and the parameters influencing it in this 
syndrome.

Conclusions

Syndromic and genetic disorders are frequently 
associated with a high risk of osteoporosis or impaired 
bone status. Pediatricians should therefore be aware 
of the risk for bone loss in children, adolescents, and 
adults with genetic syndromes in order to prevent 
fractures in the more severe cases or to ameliorate 
PBM in the less severe ones. This is crucial for reduc-
ing the risk of adult-onset osteoporosis.

As we have seen, many factors are responsible 
for the achievement of better PBM. The influence 
of exercise-induced loading is well known, and the 
ability to perform consistent physical activity at in-
tensity compatible with the basic condition should 
always be recommended and explained to the fam-
ily. Evaluations of 25-hydroxyvitamin D levels and 
PTH should be performed for patients with these 
syndromes well before the patients develop osteo-
porosis or osteopenia. However, although no direct 
correlation with fracture risk has been detected, it is 
surmised that vitamin D supplementation in children 
with osteopenia and osteoporosis is advisable and 
may indeed reduce morbidity. The same should be 
considered for calcium intake.

As the exact pathogenic mechanisms of impaired 
bone status in many genetic syndromes is not as yet 
known, it is difficult to proceed with rational drug 
discovery to specifically address them. Frequently, bis-
phosphonate treatment represents the first-line therapy 
for many disorders and should also be considered for 
these patients. Thus, randomized controlled trials are 
strongly recommended. Notably, other new drugs such 
as recombinant human parathyroid hormone (rhPTH) 
may prove useful in the treatment of osteoporosis, 
if necessary. In particular, the use of the rhPTH in 
22q11 deletions syndrome patients may represent a 
useful option if future studies confirm the presence 
of impaired bone status.
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