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Abstract

Osteoporosis is traditionally regarded as a disease of elderly women. However, this bone disorder occurs in patients of both sexes and of all
ages and is also increasingly recognised in the paediatric setting. In particular, patients, including young children, with other chronic diseases
are at risk of developing bone fragility. There are also several forms of hereditary osteoporosis, which should be identified at an early stage
to ensure adequate treatment. The diagnosis of osteoporosis in children is challenging, since their bone mineral density (BMD) is affected
by growth and pubertal development. In addition to low BMD, a child must also exhibit a significant proneness to fractures before the
osteoporosis diagnosis can be made. Through early diagnosis and treatment for paediatric bone fragility, we can also ameliorate bone health
in adulthood. In this article we review the aetiology, known risk factors and the diagnostic criteria of osteoporosis in the young.
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Osteoporosis and related fragility fractures are a significant cause of
morbidity and mortality in developed countries.” The lifetime risk
of osteoporosis-related fractures exceeds 40 % in women and 20 % in
men.2 According to the definition set by the World Health Organization
(WHQ), osteoporosis is defined as a “systemic skeletal disease
characterized by low bone mass and micro-architectural deterioration of
bone tissue, with a consequent increase in bone fragility and susceptibility
to fractures”,” and arises when the amount of bone resorbed exceeds
the amount of newly formed bone inducing a net loss of bone mass.

New bone is formed and old bone is degraded continuously throughout
life. The most rapid bone mass accrual occurs around puberty, and
approximately 90 % of the maximum bone mass in life, the peak bone
mass (PBM), is acquired before the age of 20 years.3¢ The PBM achieved
in youth is an important predictor of osteoporosis in adulthood and
affects the time of onset of osteoporosis; a 10 % increase in PBM has
been estimated to delay the onset of postmenopausal osteoporosis by
up to 13 years.’s Therefore, the optimal time to intervene with regards
to prevention of osteoporosis is, in fact, in adolescence.

Aetiology

Osteoporosis occurs in both sexes and in individuals of all ages, and
is generally divided into primary and secondary osteoporosis (see
Table 1). The most common form of primary osteoporosis is seen in
the elderly, where bone fragility is age-related and associated with a
decline in sex hormones. In younger patients, primary osteoporosis is
mainly hereditary, and genetic factors are estimated to account for up
to 80 % of the variance in PBM.” The most common form of primary
osteoporosis is osteogenesis imperfecta (Ol), caused by mutations in
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the genes encoding collagen type | and related peptides.®* Many other
genetic forms have been identified, but these are rare (summarised in
Table 2). As the genetic cause of most cases remains unknown, these
are termed idiopathic. Mutations in two genes, LRP5 and WNT1, have
been identified as the cause of dominantly inherited osteoporosis
without other phenotypic features, and more causative genes will
probably be found in time.™" Genetic screening for mutations in these
genes is currently in use mainly in research settings.

Secondary osteoporosis is due to underlying chronic illness or its
treatment, which decreases bone strength and predisposes the
patient to fragility fractures. The most common form of secondary
osteoporosis arises from long-term use of glucocorticoids, which
even at low dosages causes a significant decrease in BMD.” Other
conditions associated with an increased fracture risk and osteoporosis
in children include endocrine disturbances, inflammatory diseases,
certain forms of cancer and associated treatments, immobilisation
and haematological disorders (Table 7). Additional risk factors, such as
limited physical activity and nutrition (especially low intake of vitamin
D, calcium and proteins) also affect bone mass accrual in both healthy
and chronically ill children.e

The Use Of DXA in Children and Adolescents

Dual-energy X-ray absorptiometry (DXA) is the most commonly used
method for evaluating bone mineral density (BMD) and bone mineral content
(BMC). The criteria for diagnosing osteoporosis were originally developed
based on epidemiological data regarding fracture risk in postmenopausal
women." The comparison of the areal BMD of a postmenopausal
woman to the mean areal BMD of healthy young females expressed as
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Table 1: Causes of Osteoporosis in
Children and Adolescents

Primary Osteoporosis

Connective Tissue Disorders
Ehlers-Danlos syndrome
Homocystinuria
Marfan’s syndrome
Osteogenesis imperfecta
Idiopathic (juvenile) osteoporosis
Rare genetic and hereditary disorders
Disorders that Put Children at Risk of Secondary Osteoporosis

Inflammatory Diseases
Juvenile idiopathic artritis
Systemic lupus erythematosus
Inflammatory bowel disease
Chronic Immobilisation
Cerebral palsy
Meningomyelocele
Myopathic diseases (e.g. Duchenne, spinal muscular atrophy)
Nutritional, Intestinal and Malabsorption Disorders
Coeliac disease and other malabsorption syndromes
schwachman-Diamond disease
Cystic fibrosis
Malnutrition; vitamin and mineral deficiency
Haematologic Disorders
Leukaemia
Thalassaemia
Endocrine Disturbances
Growth hormone deficiency
Sex hormone deficiency (e.g. hypogonadism, Turner’s syndrome)
Hyperthyreosis
Cushing’s syndrome
Anorexia nervosa
Secondary to Therapies with Adverse Effects on Bone Health
Following chemotherapy for childhood malignancy
Following solid organ or bone marrow transplant
Glucocorticoids, anticonvulsants, heparin, calcineurin inhibitors
Chronic Kidney Disease

Cholestatic Liver Disease

standard deviations (SDs) is called the T-score. A decrease exceeding
2.5 SD from the reference mean (i.e. a T-score below -2.5) is indicative
of osteoporosis, and a T-score of —-1.0 to 2.5 indicates osteopenia.’
The diagnostic use of DXA has since been expanded to all adults as
epidemiological studies have shown an association between fracture
incidence and densitometric measurements.™"™

The diagnostic guidelines used in adults cannot, however, be directly
extrapolated to paediatric subjects due to the effect of growth and
hormonal development on densitometric measurements and due to
the difference in fracture epidemiology between children, adolescents
and adults.” Contrary to adults, who most commonly fracture at the
hip or spine, children sustain most of their fractures in the peripheral
skeleton, in particular in the upper extremities. Childhood fractures
are common, and in fact their fracture rate is only surpassed by
women over the age of 85. Twenty-seven to 40 % of girls and 42-51 %
of boys sustain at least one fracture during growth, and the highest
fracture rates are seen during the pubertal years.®? There are a few
reports which show an association between wrist fractures and low
BMD in children, but the link is not as clear as in the adult population
due to the high fracture frequency and the difficulty of reliably
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interpreting BMD results in growing children, and more studies are
warranted for before direct conclusions can be made.” Therefore, a
diagnosis of osteoporosis in a growing child cannot be set based on
bone densitometric data alone.?

The areal BMD and BMC results in children should be compared to a
reference population with regards to age, gender and ethnicity. This
comparison, reported as SD from the mean of the reference population,
is called the Z-score. T-scores should not be used for children, nor
should the term ‘osteopenia’. The diagnosis of osteoporosis can only be
set if a child has both low areal BMD or BMC and a clinically significant
fracture history.™ The reference data should always be validated for the
equipment and software version used.”

The recommended sites for assessment with DXA are the lumbar spine
and total body less head (TBLH). The spine is recommended due to easy
positioning for reliable measurement, high reproducibility and a fair
availability of normative data.* The TBLH provides a valuefor the total bone
mass, along with data on body composition of soft tissues. Information
regarding fat and lean body mass are valuable especially when caring for
children with chronic illnesses and bone fragility: e.g. eating disorders,
inflammatory and bowel diseases, neuromuscular disorders and long-term
glucocorticoid treatment. Children with a low lean body mass may not, for
instance, have an increased risk of fragility fractures despite low BMD.*
The hip region is not considered a reliable measurement site due to the
variability in skeletal development, the difficulty in correct positioning for
the screening and the low reproducibility of results in growing children.
The use of forearm DXA could be a good screening alternative in the
future, but due to the scarcity of reference data, this method is currently
only recommended for follow-up measurements and comparison
to baseline data of a particular individual® BMD measurement with
quantitative computed tomography (qCT) is a good complement to
traditional DXA, since this method is not influenced by body or skeletal
size.* Valid reference data have been published for some ethnicities, but
this method is yet to be included in the official criteria for osteoporosis in
children and adolescents.? Peripheral qCT is considered a safe screening
method for children.

Since children with chronic illnesses can have a significant delay in
growth, skeletal maturity and pubertal development, several models
have been developed for correction of BMD and BMC with respect
to height, pubertal stage and lean body mass.»* The major limitation
regarding the use of such corrections is the lack of reference data.
Comparisons according to both chronological age and bone age, which
corresponds better to the skeletal maturation in chronically ill children
with growth delay, may be of value. The clinician must take into account
corrections based of the clinical profile of the child and consider
whether the correction is made to understand the aetiology of the low
BMD or to assess the fracture risk of the child; e.g. in a child of short
stature and delayed puberty, the bone mass may be underestimated
and fracture risk overestimated without correction.® The benefits and
pitfalls of such corrections are discussed in depth by Gordon et al.*

The Diagnosis of Osteoporosis in

Children and Adolescents

According to the official positions of the International Society for
Clinical Densitometry (ISCD), the cut-off value for low areal BMD or BMC
Z-scores is less than or equal to -2.0, and defined as “low BMC or areal
BMD for chronological age”.? This diagnosis can be used if the child has
no relevant fracture history; the term ‘osteopenia’ should not be used. A
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Table 2: Known Genetic Skeletal Disorders Causing a Decrease in Bone Mineral Density,
Excluding Bone Fragility from Osteomalacia

In addition to osteoporosis, features may include grey/blue sclerae, dentinogenesis imperfecta, hearing loss,

Decreased bone mineral density, osteoporosis pseudoglioma syndrome in biallelic carriers

Widened medullary cavities of bone, aortic calcification, abnormal dentition and muscular weakness
Pathological fractures, lumps on the head, elevated serum alkaline phosphatase levels and dental caries
Heterogenous group of osteoporotic children, some with bone pain but without other distinct clinical features
Bone fragility with craniosynostosis, ocular proptosis, hydrocephalus, distinctive facial features

Moderate osteoporosis, platyspondyly, advanced bone age, cataract, retinal detachment, facial dysmorphism,

Persistent fontanels, hypoplasia/aplasia of clavicles, wide pubic symphysis, dental and digital anomalies,

Frequent fractures in adolescence, purulent osteomyelitis of the jaws in adulthood

Disorder Inheritance Clinical Features and Notes
Ol AD/AR
type 1-13 growth deficiency
Bruck syndrome 1-2 AR Ol-like phenotype with pterygia
Mutations in LRP5 AD/AR
Mutations in WNT1 AD/AR Decreased bone mineral density, Ol-like phenotype in biallelic carriers
Singleton-Merten dysplasia AD
Geroderma osteodysplasticum AR Wrinkly skin and osteoporosis
Calvarial doughnut lesions, AD
bone fragility
Idiopathic juvenile osteoporosis ~ Unknown
Cole-Carpenter dysplasia Unknown
Spondylo-ocular syndrome AR
short trunk, immobile spine, kyphosis
Cleidocranial dysplasia AD
in some cases severe 0steoporosis, scoliosis
Gnathodiaphyseal dysplasia AD
Hadju-Cheney syndrome AD

Osteoporosis, facial abnormalities, acro-osteolysis, hearing loss, renal cysts

AD = autosomal dominant; AR = autosomal recessive; Ol = osteogenesis imperfecta. Adapted and updated from Superti-Furga et al., Am J Med Genet A, 2006:143A(1):1-18.

diagnosis of osteoporosis in a child or adolescent requires the presence
of both a clinically significant fracture history and low areal BMD or BMC
for chronological age (see Table 3).2 Therapeutic interventions should
not be initiated based on one DXA measurement alone.”

Additional Considerations in Clinical Practice
Initiation of and Follow-up with DXA

Scan Measurements

When meeting a child with suspected bone fragility or at risk of bone
fragility based on clinical history, when should DXA measurements
commence? According to the recommendations of ISCD,? a DXA
screening should be performed at clinical presentation of primary
osteoporosis (mainly Ol or idiopathic osteoporosis), or of a disease
that puts the child at risk of secondary osteoporosis, e.g. endocrine
disturbances, chronic inflammatory diseases, after organ transplantation
and childhood cancer. The screening should include spine and TBLH
areal BMD and BMC when technically feasible. In children with chronic
immobilisation or significant motor disability, DXA screening should be
performed at fracture presentation. Data regarding the risk of fragility
fractures in children with thalassaemia are in part contradictory, and
screening is recommended to begin at fracture presentation or at the
latest at the age of 10 years. Women with Turner’s syndrome rarely
fracture in childhood and therefore no general screening is recommended
in childhood or adolescence based on the genetic diagnosis.”

There are no clear-cut recommendations in terms of the frequency
or length of DXA follow-up measurements. Children with idiopathic
osteoporosis may show a spontaneous normalisation of BMD after
puberty® while adolescents with anorexia nervosa and related
endocrine disturbances may never achieve a normal PBM and have an
increased risk of fracture up to 40 years after the diagnosis.s'®

A baseline value prior to bone-active treatments, such as
bisphosphonates and growth hormone, should be obtained and
follow-up measurements performed to monitor treatment response
at clinically appropriate intervals. The recommended minimum time
interval for follow-up measurements during treatment or disease
progress is six months to avoid excessive exposure to radiation.”
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Table 3: Diagnostic Criteria for
Osteoporosis in Children and Adolescents
According to the International Society for
Clinical Densitometry=

1. Aclinically significant fracture history (one or more of the following)
a. Long bone fracture of the lower extremities
b. Vertebral compression fracture
¢. Two or more long-bone fractures of the upper extremities
2. Low spinal or total body less head areal bone mineral density or bone
mineral content, defined as a Z-score less than or equal to —2.0 adjusted for
age, gender and body size, as appropriate

Many clinics have adapted follow-up intervals of six months when on
treatment and of 12 months when not treated with bone-active agents,
but no official recommendations other than the stated minimum time
interval of six months exists.

Risk of Vertebral Fractures in Children at Risk of
Secondary Osteoporosis

If vertebral fractures unrelated to high-impact trauma are diagnosed in
children, these usually signify a significant skeletal pathology. Vertebral
compression fractures are surprisingly common in chronically il
children; the prevalence is 8-25 % among children with rheumatoid
arthritis, leukaemia, after organ transplants or of children with motor
disabilities.®¥ Compression fractures are underdiagnosed in this
group of patients, as most children have no symptoms. New DXA
equipment often offers the possibility to assess vertebral morphology,
but despite high diagnostic accuracy of this method in adults, up to
two-thirds of compression fractures in children are missed.® Spine
X-rays or magnetic resonance imaging should therefore be considered
in chronically ill children with back problems.

Prevention and Treatment of Osteoporosis in
Children and Adolescents

Although the main determinants of PBM acquisition are genetic
and/or affected by other diseases and related treatments, we can
affect the factors amenable to positive intervention in growing children.
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Suboptimal PBM acquisition may be prevented by ensuring an adequate
intake of calcium and vitamin D, encouraging physical activity, treating
under- or overweight, correcting endocrine disturbances and avoiding
osteotoxic medication, such as glucocorticoids, when possible.¢*

Calcium is the main component of bone tissue and required for the
normal mineralisation of the bone matrix. A lack of calcium activates
the secretion of parathyroid hormone, which induces the mobilisation
of calcium from the bone thereby impairing bone mass accrual. The
recommended intake of calcium varies in different age groups and
countries,butdependentonthedietaryintake, childrenwith osteoporosis
may need over 1,000 mg of calcium supplements daily. Calcium should
ideally be obtained from dietary intake, as recent studies have shown
an association between calcium supplement intake and cardiovascular
events in adults. There is also a lack of evidence regarding the possible
benefits of calcium supplementation in chronically ill children. Vitamin
D deficiency causes a decrease in intestinal uptake of dietary calcium
and phosphorous. The recommended daily dose of vitamin D2 or D3 is
600 IU for children (aged one to 18 years) who are at risk of vitamin D
deficiency, e.g. due to inadequate exposure to sunlight, malabsorption
syndromes and treatment with anticonvulsants.® Children (aged one to
18 years) with vitamin D deficiency, i.e. with serum 25-hydroxyvitamin
D (25(0H)D) levels below 20 ng/ml (50 nmol/l), are recommended a
daily dosage of 2,000 IU for at least six weeks to achieve a blood level
of 25(0H)D above 30 ng/ml. The recommended maintenance therapy
thereafter is 600-1,000 IU daily, aiming at blood levels of 25(0H)D
between 30 and 50 ng/ml. Some patients may need two to three times
higher doses to achieve sufficient serum levels.®

If the preventative measures are insufficient in terms of osteoporosis
and fractures, the question may arise as to whether bone-active agents
should be prescribed. While the efficacy and safety of such treatments
are rather well documented in the adult population, the data regarding
treatment of children are scarcer. The only anabolic bone therapy available,
recombinant parathyroid hormone, is not approved for children as
it has caused osteosarcoma in growing rodents.*" A group of anti-catabolic
bone-active agents, namely bisphosphonates, remains the only alternative.
While treatment with bisphosphonates is becoming quite widespread in
children with O, the effects in children with secondary osteoporosis are
less well-known. There is a shortage of data regarding the efficacy, safety,
choice of agent, duration of treatment and long-term outcome.¥ Therefore,
treatment with bone-active agents in children should be conducted only
in large paediatric centres and preferably in the setting of clinical trials.®

Conclusions

The diagnosis of osteoporosis in a growing child cannot be set based on
bone densitometric measurements only, but requires both a significant
fracture history and low areal BMD or BMC.

Vertebral compression fractures are common and underdiagnosed in
children with secondary osteoporosis.

The need for supplementation with calcium and vitamin D should
be assessed and addressed in all children at risk of osteoporosis.
Treatment with bone-active agents, such as bisphosphonates, should
be conducted at paediatric centres with sufficient experience of
treatment and follow-up of children with metabolic bone diseases. B
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