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Osteoporosis in Children and Adolescents
Until recently osteoporosis was considered a disease of postmenopausal women and
the elderly. As more has been learned about bone metabolism through the lifespan,
this definition has evolved. Osteoporosis is now understood to include individuals of
all ages who have low bone density for their age, gender, race, and body size, coupled
with a history of clinically significant fragility fracture. While osteoporosis in children is not associated with increased mortality as it is in adults, it can result in pain,
deformity, loss of function, and other serious long-term consequences.
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This article will discuss the pathway for development of healthy bone in children and
touch on many of the disorders and treatments seen in primary care that can contribute to insufficient bone mass acquisition, low bone density , and/or increased fracture risk. We will also discuss pitfalls in the assessment and treatment of abnormally
low bone density and fractures in children. At present, there is no FDA-approved
therapy for pediatric osteoporosis. Further research is needed to refine evidencebased recommendations for diagnosis and treatment of this disorder in children and
adolescents.
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Bone Through the Life Span

can become uncoupled due to disease, old age, inactivity, nutritional insufficiency, hormone loss, or exposure
to medications that disrupt bone metabolism. Bone
turnover is increased, conferring an advantage to resorption over formation. The result is decline in bone
mineral density (BMD), increased skeletal fragility, and
ultimately, fractures.

Throughout life, bone health is maintained by a tightly
coupled process of remodeling: removing old and/or
damaged bone (resorption) and replacing it with new
bone (formation). Bone remodeling prevents accumulation of microdamage, preserving bone quality and
strength. In addition, it ensures serum calcium homeostasis, drawing calcium from bone as needed through
bone turnover. In childhood and adolescence, bone
remodeling occurs alongside skeletal growth through
the process of bone modeling. During bone modeling,
the honeycomb-like trabecular matrix inside bone accrues mineral, making it denser. Outside the bone, new
tissue forms at the growth plates, making bone longer,
and at the outer cortex, making it wider and thicker. In
both remodeling and modeling of bone, mineralization
lags slightly behind bone formation, relying as it does
on recruiting mineral to newly formed bone matrix, a
process that takes many months. The result can be short
periods of relatively low mineralization in bone and increased propensity to fracture.1

Although many features of growing bone in children
and teens differ from adult bone, a similar inverse relationship exists between bone mineral density and skeletal fragility. Children with lower BMD than peers of
the same age, size, and gender are more likely to break
bones. In severely affected children, low-impact fractures may begin in childhood, resulting in skeletal pain,
bone deformities, and disability.
Fractures in Childhood and Adolescence:
Normal vs. Pathological
Activity-related fractures are common in otherwise
healthy children and teens. It is estimated that roughly
half (50% boys/ 40% girls) experience a fracture before adulthood.3,4,5 Sports-, stress-, and overuse-related
fractures are widely seen in the healthy pediatric population. Roughly one-quarter of these fractures are forearm/wrist fractures. It takes 6-8 months to fully mineralize new bone. As a result, during periods of rapid
bone growth, such as early adolescence, the relatively
undermineralized skeleton is temporarily vulnerable to
fracture.6

Bone modeling begins during early fetal life and continues through adolescence. Once linear growth is
complete, bone continues to mineralize, increasing in
density well into the early third decade of life. At that
time, the skeleton is said to have reached peak bone
mass.2 Genetic factors, nutrition, hormonal disorders,
medications, immobilization, and chronic illness during childhood and adolescence can limit attainment of
maximal peak bone mass. Failure to achieve a normal
peak bone density can increase the lifetime risk of osteoporotic fracture.

It can be difficult to distinguish “normal” fractures of
childhood from pathological fractures that warrant
further investigation. The presence of uncommon or
repeated low-impact fractures should raise red flags.
For example, a compression (crush) fracture of the
spinal vertebrae is not seen in children with normal
bone density outside of severe trauma. In itself, a nontraumatic crush fracture is diagnostic of osteoporosis in
a child or adolescent. Likewise, recurrent fractures of
the long bones should be considered clinically significant (two by age 10 or three by age 19).6

In children and adults, the balanced remodeling process
Activity Objectives

In children with pathological fractures, low bone density is most commonly a secondary feature of genetic
or acquired disorders and/or treatment for a chronic
health condition. Primary causes of osteoporosis, such
as idiopathic juvenile osteoporosis and osteogenesis
imperfecta, are quite rare. Fragility factures can be the
first sign of sometimes “silent” disorders such as celiac
2

disease or hemochromatosis. When fragility fractures
are identified in an otherwise healthy pediatric patient,
further work up for disorders that impair bone metabolism is recommended. Table 1 lists many of conditions, lifestyle factors, and therapies that can disrupt
bone metabolism and lead to low bone density and
fractures in children and adolescents.

Table 1. Disorders and Medications That Cause
or Contribute to Osteoporosis and Fractures in
Children and Adolescents*
Common Pediatric Disorders
• Anorexia Nervosa/Female Athlete Triad
• Asthma
• Chronic liver and kidney disease
• Chronic inflammatory conditions
• Cystic Fibrosis
• Deprivational rickets
• Diabetes mellitus (Types 1 & 2)
• Endocrine disorders
• GI Disorders (Celiac, Crohn’s, Inflammatory
Bowel)
• Major depressive disorder7
• Neoplastic diseases
• Neuromuscular disease
• Organ transplantation
• Rheumatic diseases
• Seizure disorders
• Sickle Cell Disease

Diagnosis of Pediatric Osteoporosis
Serum and urine analysis to rule out underlying causes
of bone loss should be done in otherwise healthy children and teens seen with clinically significant fragility
fractures. Common laboratory tests for osteoporosis
evaluation of potential secondary causes of osteoporosis
include:
Serum:
• Celiac panel
• Erythrocyte sedimentation (inflammation)
• Intact parathyroid hormone (PTH)
• Phosphorus
• Total calcium
• Creatinine
• Magnesium
• 25-hydroxyvitamin D
• Biochemical markers of bone turnover, resorption,
and formation

Lifestyle Factors
• Alcohol abuse
• High salt intake
• Low calcium intake
• Inadequate physical activity
• Vitamin D insufficiency
• Immobilization
• Excess vitamin A
• Smoking (active or passive)
Medications
• Aluminum (in antacids)
• Anticoagulants (heparin)
• Anticonvulsants
• Cancer chemotherapeutic drugs
• Cyclosporine A and tacrolimus
• Depo-medroxyprogesterone (premenopausal
contraception)
• Glucocorticoids (≥ 5 mg/d prednisone or
equivalent for ≥ 3 months)
• Lithium
• Methotrexate
• Parenteral nutrition
• Proton pump inhibitors
• Selective serotonin reuptake inhibitors
• Thiazolidinediones (such as Actos® and
Avandia®)
• Thyroid hormones (in excess)

Urine:
• 24-hour urinary calcium and phosphate
• Biochemical markers of bone turnover, resorption,
and formation
The International Society for Clinical Densitometry
(ISCD) recommends bone density assessment in all
children and adolescents who experience clinically
significant fragility fractures. Coupled with low bone
density (BMD Z-score of ≤-2), history of clinically
significant fracture is diagnostic of osteoporosis in the
absence of vertebral compression fracture.8,9
Dual-x-ray absorptiometry (DXA) is currently the best
option for measuring BMD in children and adolescents
in the clinical setting. In adults, BMD measurements
are expressed as a T-score that indicates its deviation
from a young-healthy norm. A healthy child’s BMD is
lower than that of a healthy young adult, and so would
yield a very misleading T-score computed from adult
reference values. Instead, the Z-score is used. The
Z-score is calculated from reference data on children of

*This table is representative of the classes of disease that
can lead to bone loss and fractures in children, but is not
exhaustive. Source with modification: National Osteoporosis
Foundation. Clinician’s Guide to Prevention and Treatment
of Osteoporosis. Washington, DC: National Osteoporosis
Foundation; 2014.
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rickets, fractures, and deformities in children. Lateral
radiographs of the spine are valuable for detecting vertebral compression fractures, which are very common
in children with chronic diseases that result in bone loss
and osteoporosis.9,13 Semi- or full quantitative techniques have been derived for plain radiography of bone
in children to measure some aspects of bone density.11
In general, these have been applied in only a few centers or in specific studies and are not widely available to
clinicians or for the overwhelming majority of patients.

Table 2. Uncommon and Rare Pediatric
Disorders that Can Lead to Bone Loss and
Fragility Fracutre*
• Chondrodysplasias
• Cushing Syndrome
• Ehlers-Danlos Syndrome
• Gaucher Disease
• Hemochromatosis
• Hypophosphatasia
• Idiopathic Juvenile Osteoporosis
• Klinefelter and Turner yndromes
• Muscular Dystrophies
• Osteogenesis Imperfecta
• Osteoporosis Pseudoglioma Syndrome

Quantitative computed tomography can assess volumetric bone density with adequate separation of cortical and trabecular compartments, giving it significant
theoretical advantages over DXA in assessing the bone
health of children.14 However, there are marked drawbacks including high cost, lack of widespread access,
and relatively high radiation doses. QCT is currently a
valuable research tool. A variety of machines now use
this technology to measure bone density in peripheral
bone sites (pQCT), which may facilitate wider clinical
application in the future. At present, the technique remains accessible only in the research environment.15

*This table is representative of the classes of disease that
can lead to bone loss and fractures in children, but is not
exhaustive. Source with modification: National Osteoporosis
Foundation. Clinician’s Guide to Prevention and Treatment
of Osteoporosis. Washington, DC: National Osteoporosis
Foundation; 2014.

the same age, gender, and pubertal stage.
A weak inverse relationship has been observed in
studies of the association between unadjusted BMD
(Z-score) and fractures in children and adolescents.10
However, a much stronger relationship is seen when
BMD Z-score was adjusted for height, bone size, and
weight. In a large prospective cohort study looking
at over 6000 children and adolescents (mean age 9.9
years) an 89% increase in fracture risk was observed
for every standard deviation below height-adjusted
BMD Z-score. (BMC adjusted for bone area, height,
and weight [OR = 1.89; 95% CI, 1.18–3.04]).11 A
calculator for use with Hologic scanners that computes
age-, race-, gender-, and height-specific Z-score is
available for online at http://www.bmdcspublic.com/
zscore.htm. The calculator uses reference data on U.S.
children aged 5-20 collected through the Bone Mineral
Density Childhood Study. 11

Ultrasound has been used to measure bone mass and to
assess indices of bone strength in adults and children.16
Because of the large variation in bone size among growing children, ultrasound techniques are currently used
only for research but show promise for future use.
Treatment of Pediatric Osteoporosis
Because childhood osteoporosis is typically secondary to a chronic illness, treatment begins with effective management of the underlying primary disorder.
Multiple animal and human studies have suggested that
low bone density can be improved or reversed when
precipitating disorders are optimally managed or go
into remission.17,18,19,20
The primary care clinician generally works in coordination with one or more specialists.A comprehensive
management plan will involve treating the underlying
disorder as well as providing nutritional support and
minimizing medications and activities harmful to bone.

BMD alone does not fully account for fracture risk. As
in adults, bone size, bone quality, bone turnover, and
trauma are also likely to be important contributors to
the risk of fracture. In children, the situation is further
complicated by the physiology of growing bone.12

In children and adolescents, safe and effective doses
have not been established for the many drugs used
to treat osteoporosis in adults. These agents include
bisphosphonates, teriparatide, calcitonin, denosumab,
and activated forms of vitamin D. The routine use of

Plain radiography is an inexact method to determine
bone density, since it is influenced greatly by technique,
radiation exposure, and its inherent non-quantitative
basis. However, it is an excellent tool to demonstrate
4

these agents in children is strongly discouraged outside
of specialist practice. Further research is needed to establish appropriate dosing, duration, and management
— or whether they can safely be used at all. Much is
still unknown about potential toxicities that may occur
due to differences between children and adults in skeletal modeling, remodeling, pharmacokinetics, and/or
pharmacodynamics.24

Table 3. General recommendations for
children and teens with osteoporosis*
• Diagnose and treat underlying cause of low BMD
(with bone-sparing medications if possible)
• Ensure a diet rich in fruits and vegetables
that includes adequate total calcium intake. If
intake from food falls short of target, make up
difference with calcium supplements. See table
2 for recommended intake for children and
adolescents.
• Ensure adequate serum vitamin D, either through
sun exposure or through supplementation. The
American Academy of Pediatrics recommends
against reliance solely on sun exposure for
vitamin D sufficiency.21
• Protect bones in very fragile children with
multiple fractures by avoiding activities that
increase fracture risk, such as those involving
jolting, high risk of falling, and loaded forward
bending of the spine.
• Refer for physical-therapist-supervised weightbearing and muscle-strengthening exercise to
improve agility, strength, posture, and balance
and to reduce the risk of falls as appropriate.
• Assess fall risk and offer appropriate
modifications, e.g., home safety assessment,
balance training exercises, correction of vitamin
D insufficiency, avoidance of medications that
cause dizziness, and vision correction when
appropriate.
• Strongly discourage tobacco smoking and alcohol
abuse in older children and adolescents.
• Measure height annually, preferably with a wall
mounted stadiometer.

Several oral and parenteral bisphosphonates are currently under investigation for use in pediatric and
adolescent patients. While short-term safety and efficacy data have been promising, the use of these drugs
remains controversial due to the lack of data regarding
their long-term effects on the developing skeleton.
In addition, although trials have shown bone density
increases in chronically ill children on IV bisphosphonates, they have not established a correlation between
this gain and reduction in fragility fracture or improved
quality of life.25,26,27 There are additional concerns regarding the use of bisphosphonates in young women
who may become pregnant, because release of accumulated bisphosphonate from the mother’s skeleton poses
a theoretical risk to developing fetal bones.
Children with fracturing osteogenesis imperfecta are
commonly prescribed bisphosphonate therapy under
specialist care. However, it remains uncertain whether
bisphosphonate therapy significantly improves fracture
and functional outcomes. Recent Cochrane systematic
review of the limited number of relevant studies on record found increased BMD with bisphosphonate therapy but no consistent fracture reduction or functional
improvement in children and adults wit osteogenesis
imperfecta.28 Children suffering from pathologic fractures caused by other chronic conditions should receive
bisphosphonate treatment only as part of a clinical trial
or in the hands of an expert practitioner.

* Source with modification: National Osteoporosis Foundation.
Clinician’s Guide to Prevention and Treatment of Osteoporosis.
Washington, DC: National Osteoporosis Foundation; 2014.

adolescents and special bone health considerations associated with them.
Anorexia Nervosa and Exercise-Induced
Amenorrhea. Anorexia nervosa is linked with low
bone density, impaired bone strength, and compromised peak bone density. Anorexia nervosa is characterized by malnutrition, low BMI, and low estrogen
levels that frequently lead to amenorrhea. Each of these
factors individually can increase the risk for osteoporosis; when combined, they are a potent threat to bone
health both now and into the adult years. Studies demonstrate that low bone density persists in some young
women who recover from anorexia nervosa, even after

Pediatric Disorders Harmful to Bone
Low bone density and fragility fractures can be caused
by myriad disorders seen in primary care practice.
Because adolescence is a time of significant bone mass
acquisition, disorders or therapies that impair bone
turnover and formation during this time are of particular concern for the risk they pose to bone health in
later life.
In alphabetical order we discuss the more common
causes of secondary osteoporosis in children and
5

Table 4. Calcium and vitamin D daily recommended intake (DRI) values for children and
adolescents.
Age

Calcium, mg/day
Recommended
Tolerable
intake*
upper limit

Vitamin D, IU/day
Recommended
Tolerable
intake*
upper limit

0–6 months

200

1000

400

1000

6–12 months

260

1500

400

1500

1–3 years

700

2500

600

2500

4–8 years

1000

2500

600

3000

9–18 years

1300

3000

600

4000

*Recommended intake values are the RDA values for children aged 1 year and older and AI values for infants younger than
1 year. 22,23

they have regained normal weight, eating habits, and
hormonal status. 29,30 Such considerations equally apply
to female athletes who experience amenorrhea due to
low BMI and excessive exercise (female athlete triad).

Cystic Fibrosis. Reduced bone density is often
observed in children and adults with cystic fibrosis.
Contributing factors include poor nutrition, chronic
infection, chronic inflammation, malabsorption of vitamin D and calcium, hypogonadism, delayed growth
and maturation, and chronic use of intravenous or oral
corticosteroids.

A second skeletal effect of anorexia nervosa is short
stature, particularly in boys. The greater impact in boys
may be due to the fact that girls reach terminal height
by adolescent onset of anorexia, while boys have not.
As a result boys experience a greater impact of low levels of insulin-like growth factor-1 (IGF-1) levels from
persistent undernutrition.21,22

Deprivational Rickets. Deprivational rickets is
primarily caused by lack of vitamin D, calcium, or
phosphate due to poor nutrition or malabsorption
syndromes such as celiac disease. Vitamin D deficiency
rickets is seen with increased frequency in the US and
other western nations, particularly among breastfed
babies, children with dark skin, and individuals with
unusual diets (e.g., vegans) or insufficient sunlight
exposure. One study of US urban adolescents found
24% to have significant vitamin D insufficiency (level
of 25-hydroxyvitamin D < 30 ng/mL). Season, ethnicity, milk and juice consumption, body mass index,
and physical activity were independent predictors of
vitamin D deficiency.32 In research on children with
primary and secondary osteopenia or osteoporosis, researchers observed a very high level of vitamin D insufficiency (80%). 33

Chronic Liver and Chronic Kidney Diseases.
Malabsorption of calcium and vitamin D, as well as
impaired vitamin D 25-hydroxylation, are associated
with most types of chronic liver disease (both cholestatic and non-cholestatic), contributing to bone loss
and osteoporosis. In children with chronic kidney disease, the kidneys fail to maintain adequate blood levels
of calcium and phosphorus, leading to slowed bone
growth and bone deformity.31 Common pediatric outcomes are short stature and bent long bones in the legs
(renal rickets). Low bone density is present in almost
every patient on dialysis and has been found in children
with kidney disease even before they begin dialysis.23
There are several distinct forms of metabolic bone disease seen in children and young adults with moderate
to severe kidney disease. Referral to a pediatric renal
specialist is advisable for appropriate diagnosis and
management.

Vitamin D deficiency rickets is easily treated by supplementation with calcium and vitamin D. If rickets is
not corrected while a child is still growing, skeletal
deformities and short stature may be permanent. If
corrected while the child is young, skeletal deformities
6

often diminish or disappear over time.

CME Program Eligibility
Method of Participation in the Learning Process: Clinician
learners will read and analyze the subject matter, conduct
additional informal research through related internet
searches on the subject matter, and complete a post-test
assessment of knowledge and skills gained as a result of the
activity.
After participating in this activity, the reader has the
option of taking a post-test with a passing grade of 70% or
better to qualify for continuing education credit for this
activity. It is estimated it will take 1.0 hour(s) to complete
the reading and take the post-test. Continuing education
credit will be available for two years from the date of
publication.

Diabetes. The growing prevalence of obesity and
type 2 diabetes among US children and adolescents
is an alarming public health trend. Its long-term consequences for bone health are worrisome. Current
research suggests that obesity does not protect against
fracture in children and adolescents but is associated
with low bone density and impaired bone structure.34,35
Research is needed to understand the underlying
mechanisms and fracture outcomes.
Children and adolescents with type 1 diabetes have
consistently been found to have lower bone density
than size- and pubertal-status-matched peers even
when well controlled.36 Significantly decreased bone
turnover has been observed in these patients, which is
associated with poor quality, brittle bones, and growth
retardation.37 It is unknown whether reduced bone
mineral acquisition experienced children in type 1 diabetes increases the risk of osteoporosis in later life.38,39

Accreditation
The National Osteoporosis Foundation is accredited by the
Accreditation Council for Continuing Medical Education
to provide continuing medical education for physicians.
The National Osteoporosis Foundation designates this
educational activity for a maximum of 1.0 AMA PRA
Category 1 Credit(s)TM. Physicians should only claim credit
commensurate with the extent of their participation in the
activity.
The National Osteoporosis Foundation is accredited
as a provider of continuing nursing education by the
American Nurses Credentialing Center’s Commission on
Accreditation.
The National Osteoporosis Foundation designates this
educational activity for a maximum of 1.0 continuing
nursing education credit(s).
Other healthcare providers will also be able to receive a
certificate of completion; nurse practitioners and physician
assistants may request an AMA PRA Category 1 Credit(s)™
certificate of participation.

Endocrine Disorders. Bone growth and mineralization are in large part meditated by coordination of multiple endocrine pathways. Imbalances in any number of
hormones can lead to disorders in bone resorption and
formation. Severe hyperthyroidism, primary hyperparathyroidism (rare), and hyperparathyroidism secondary to chronic kidney disease or extreme vitamin D
deficiency all can cause low bone density in children.
Growth hormone insufficiency has been observed to
negatively affect bone mineral density in both children
and adults. Growth hormone replacement therapy has
been shown to increase BMD in some studies; however,
its effect on fracture risk is not fully understood.40 Sex
steroid deficiency is also associated with impaired bone
acquisition and lower bone mineral density.
GI Disorders. Pediatric celiac disease is more prevalent than previously thought. Especially prone are girls,
children with type 1 diabetes mellitus, and children
with Down syndrome. Screening patients with type 1
diabetes for celiac disease is advisable, even in the absence of clinical symptoms.41,42 Celiac disease can lead
to many serious medical conditions, including low peak
bone mass and early-onset osteoporosis. This may be
due to a combination of inflammatory processes and
malabsorption of calcium and vitamin D. Adherence
to a gluten-free diet usually restores normal calcium
absorption and bone density, and many children experience catch-up growth if the disease is caught before
adolescence.

Disclosure of Commercial Support
It is the policy of the National Osteoporosis Foundation
(NOF) to ensure balance, independence, objectivity,
and scientific rigor in all its sponsored publications and
programs. NOF requires the disclosure of the existence of
any significant financial interest or any other relationship
the sponsor, editorial board, or guest contributors have
with the manufacturer(s) of any commercial product(s)
discussed in an educational presentation. All authors and
contributors to this continuing education activity have
disclosed any real or apparent interest that may have direct
bearing on the subject matter of this program.
NOF’s accreditation status with ACCME and ANCC does
not imply endorsement by NOF, ACCME or ANCC of any
commercial products displayed in conjunction with this
activity or endorsement of any point of view.
Statement Regarding Off-Label Use
Any publication of the Osteoporosis Clinical Updates that
discusses off-label use of any medications or devices will be
disclosed to the participant.
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About 25% of patients with the inflammatory bowel
diseases (IBD) Crohn’s disease or ulcerative colitis
present before the age of eighteen.43 Inflammatory
bowel disease, particularly Crohn’s disease, negatively
impacts bone accrual and quality due to multiple factors: inflammation, malnutrition, growth failure, lean
mass deficits, delayed puberty, and chronic glucocorticoid use.44 Adults with IBD have higher incidence rates
of all types of fracture than healthy peers. In children
and adolescents, perhaps due to the dynamics of skeletal development, this association is less clear cut.

Osteoporosis: Clinical Updates
Osteoporosis Clinical Updates is a publication of the National
Osteoporosis Foundation (NOF). Use and reproduction of
this publication for educational purposes is permitted and
encouraged without permission, with proper citation. This
publication may not be used for commercial gain. NOF is a
non-profit, 501(c)(3) educational organization. Suggested
citation: National Osteoporosis Foundation. Osteoporosis
Clinical Updates. Issue Title. Washington, DC;Year.
Please direct all inquiries to: National Osteoporosis
Foundation 1150 17th Street NW Washington, DC 20037,
USA Phone: 1 (202) 223-2226
Fax: 1 (202) 223-1726 www.nof.org

Several studies, including a large epidemiologic study
of >1200 children and adolescents with IBD, found
no statistically higher incidence of nonvertebral fracture than age- and sex-matched healthy controls.45
Subgroup analysis did, however, demonstrate increased
prevalence in nonvertebral fracture among children
under 12 with Crohn’s disease. In addition, vertebral
fracture was found to be more prevalent at all ages, especially in the Crohn’s disease group.37,46

Statement of Educational Purpose
Osteoporosis Clinical Updates is published to improve
osteoporosis patient care by providing clinicians with
state-of-the-art information and pragmatic strategies on
prevention, diagnosis, and treatment that they may apply in
clinical practice.
Overall Objectives
Despite the availability of effective prevention, diagnostic,
and treatment protocols for osteoporosis, research indicates
that it is significantly underdiagnosed and undertreated
in the general population. Through this publication, NOF
encourages participants to incorporate current evidence
and expert recommendations into clinical practice to
improve the bone health of their patients.

Glucocorticoid Use. Changes to bone density associated with prolonged use (over three months) of oral
glucocorticoids (GCs) in children are well documented. As a result, short-term oral GCs or inhaled GCs
have traditionally been favored. Much is still unknown
about the long-term bone effects of either short-burst
oral and long-term inhaled GC use. Results of one
large-scale study found dose-dependent declines in
bone mineral acquisition and increased risk of osteopenia in boys on short-burst oral GC treatment but not in
girls.47 The same study found that inhaled GC therapy
was also associated with a small decrease in bone mineral accretion in boys and not in girls.

Upon completion of each issue of Osteoporosis Clinical
Updates, participants should be able to:
• Recognize current concepts in osteoporosis research
and clinical practice
• Identify implications of these concepts for osteoporosis
patient care
• Adopt evidence-based strategies to study, prevent, and/
or treat osteoporosis
• Improve patient care practices by integrating new data
and/or techniques

In general, studies have found no significant adverse
effects linked to long-term use of inhaled steroids at
recommended doses in pediatric and adolescent populations; however, studies on continued effects in adulthood and old age are ongoing.48,49 Since many patients
on inhaled GCs may also be on oral GCs, attention
to bone density is suggested in this population during
childhood and adolescence.

Intended Audience
This continuing education activity is intended for
health professionals who care for patients at risk for or
suffering from osteoporosis practicing in primary care,
endocrinology, geriatrics, gynecology, internal medicine,
obstetrics, orthopedics, osteopathy, pediatrics, physiatry,
radiology, rheumatology, and/or physical therapy.
This includes physicians, nurse practitioners, registered
nurses, pharmacists, physician assistants, technologists,
researchers, public health professionals and health educators
with an interest in osteoporosis and bone health.

Organ Transplantation. Children who receive a
solid organ transplant (bowel, heart, kidney, liver, lung)
share many of the risk factors seen in children who
have undergone cancer treatment: radiation, poor nutrition, and bone-toxic pharmacologic agents. Added
to these is the use of immunosuppressant agents to
8

prevent rejection following the transplant that also may
adversely affect bone density.

liver-produced metabolite (25-hydroxyvitamin D).
Patients who use phenytoin, tegretol, or phenobarbitol
or who are homebound or institutionalized are at particularly increased risk of vitamin D deficiency. Clearly,
other factors contribute to bone loss, as vitamin D deficiency does not occur in all seizure patients using these
drugs. Patients may develop rickets, osteomalacia, or
anticonvulsant osteopathy, which is characterized by
low bone density and high bone turnover.

Neoplastic Diseases. As a benefit of medical advances, more children survive childhood cancers and
live longer. However, the chemotherapy (especially
methotrexate), radiation, and high-dose GC treatments
that make possible increased survival also contribute
to risk of low bone density and consequent fractures.
In addition to cancer treatments, immobility, underlying disease processes, and poor nutrition impair bone
development and/or mineralization in pediatric cancer
patients.50

Bone Marrow Diseases. Children with sickle cell
disease have significantly reduced bone mineral content
as compared with control subjects, adjusted for age,
height, pubertal status, and lean mass. This puts them
at risk for suboptimal bone density and future fragility
fracture.55 Repeated sickling crises affect the strength
of bone and may contribute to these fractures. Similar
reductions in bone density occur in children and adults
with other chronic anemias or bone marrow disorders
such as Gaucher disease and thalassemias.

Neuromuscular Diseases. Spina bifida, cerebral
palsy, paralysis, muscular dystrophies, and other neuromuscular disorders that restrict movement, mobility, and weight bearing affect bone density by both
reducing (or curtailing) the mechanical stressors that
stimulate bone formation and by increasing the rate of
bone resorption. Factors commonly associated with
neuromuscular diseases further reduce bone density:
low body weight, nutritional inadequacy caused by
feeding difficulties, and the use of anticonvulsants.51
Researchers have observed that physical therapy using
controlled weight bearing either alone or with vibration platforms can result in increased bone mass in
children with restricted mobility.52,53

Primary Osteoporosis in Children (Rare
Disorders)
Primary osteoporosis in children and adolescents is
rarely seen outside of specialist practice. Care of children suffering from these uncommon disorders usually
requires primary care providers to work in coordination with one or more specialists.

Rheumatic Diseases. Children with chronic rheumatic conditions (rheumatoid arthritis, juvenile idiopathic arthritis, psoriatic arthritis, systemic lupus
erythematosus, ankylosing spondylitis, juvenile dermatomyositis) are at increased risk for fractures, decreased
bone mass, and osteoporosis as adults. Risk factors
include the effects of chronic inflammation, poor nutrition, low calcium intake, lack of weight-bearing
exercise, and long-term systemic GC therapy. Data
from a recent study in Canada found significant indications of low bone mass (vertebral fractures) in children
diagnosed with rheumatic disease before they began GC
therapy.54 Clinicians treating children with rheumatic
conditions need to be aware of their patients’ increased
risk for fracture before and after initiation of GC
treatment.

Idiopathic Juvenile Osteoporosis. Idiopathic juvenile osteoporosis (IJO) is a rare disease that typically
occurs in otherwise healthy children. The average age
of onset is 7 years, with a wide range reported from
ages 1 to 13 and older. Most common complaints on
presentation are gait difficulties and pain in ankles,
heels, or lower back.
Most children with IJO experience a complete recovery, although spinal scoliosis or kyphosis may persist.
Growth may be somewhat impaired during the acute
phase of the disorder. However, upon recovery normal
growth resumes and catch-up growth often occurs.
Early diagnosis of IJO is important so that steps can be
taken to protect the child’s spine and other bones until
remission occurs.

Seizure Disorders. Many medications that are
used to control seizure disorders have been shown
to cause bone loss. This is particularly true of drugs
that stimulate the hepatic cytochrome P450 enzyme
system, which normally converts vitamin D to its

Bisphosphonates have been given to some children with
IJO in a research environment, although long-term
safety and efficacy are still unknown.
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Osteogenesis Imperfecta. Osteogenesis imperfecta
(OI) is a genetic disorder in which defective collagen
causes bones to be qualitatively abnormal, less dense,
and easily broken. At least seven types of OI have been
identified. While the characteristics of each type of
OI can vary greatly from person to person, consistent
among all types is the tendency for patients to develop
low bone density and fractures.

constipation, and feeling cold. She has been diagnosed
with anorexia nervosa and is referred for BMD evaluation. A DXA scan shows a Z-score of -3.1 in the lumbar
spine and -2.9 in the right femoral neck.
What special threats to bone health are posed by
anorexia nervosa?
Anorexia nervosa is an eating disorder affecting mainly
girls and women, although boys and men can also be affected. The disorder usually starts in the teenage years.
It is difficult to estimate how common anorexia nervosa is, but surveys suggest that up to 1% of schoolgirls
and female university students suffer from it.59 This
may be an underestimate.

For this reason, osteoporosis is an almost universal feature of osteogenesis imperfecta. In most studies of children with OI, oral or intravenous bisphosphonates have
been shown to reduce fractures, ameliorate pain, and
improve growth.56 These benefits appear to be realized
in the first two to four years of treatment, and longterm effects are not yet fully characterized.57

Bone loss occurs in most patients with anorexia nervosa. Bone density is reduced by more than 1.0 SD in
92% of girls and adolescents with anorexia nervosa
and is reduced by more than 2.5 SD at either the hip or
spine in nearly these 40% of patients.52 Deficiencies in
BMD during the teenage years are particularly worrisome. At least 50% of bone density and peak bone mass
are attained during adolescence. Adolescent bone loss
can be permanent in patients with a history of anorexia
nervosa despite recovery to a normal weight.60 Girls
who have anorexia nervosa and depression are at even
greater risk of osteoporosis. The reason for this is unknown, although it has been speculatively attributed to
the increased circulating levels of cortisol that are typically present in patients with depression.

Osteoporosis Pseudoglioma Syndrome. Osteoporosis pseudoglioma syndrome is an extremely rare
(1 in 2 million) autosomal recessive disorder caused by
inactivating mutations in the gene that encodes lowdensity lipoprotein receptor-related protein-5 (LRP5). Osteoporosis pseudoglioma syndrome is characterized by severe juvenile-onset osteoporosis, congenital
or juvenile-onset blindness, short stature, and skeletal
deformity due to multiple fractures. Small, uncontrolled studies have found intravenous bisphosphonate
therapy to be beneficial in patients with this condition
and suggested that it may prevent progressive vertebral
deformity.58

There are additional explanations for osteoporosis in girls and adolescents with anorexia nervosa.
Nutritionally mediated changes in pituitary-ovarian
function can cause amenorrhea and low blood concentrations of estrogen hormones. Circulating levels of
insulin-like growth factor 1 (IGF-1), the mediator of
growth hormone action, are typically very low, perhaps
related to the effect of poor nutrition and an impaired
hepatic response to growth hormone. Many studies
have shown an imbalanced state of bone turnover in
patients with anorexia nervosa, with decreased bone
formation and increased bone resorption.61,62

Patient Cases: Pediatric and Adolescent
Osteoporosis
In the following case discussions, we will explore typical patient presentations with bone health implications
for primary care practice.
Case 1. Adolescent Girl with Anorexia Nervosa
The first case we will discuss is a 16-year-old girl with
secondary amenorrhea who has sustained a recent
forearm fracture. She has never been overweight, but
over the past year has lost 35 pounds from her baseline weight of 128 pounds due to self-imposed dieting
and excessive exercise. She stopped menstruating six
months ago. Today her height is 64˝ and weight is 93
pounds. Her body mass-index (BMI) is 16. She has
small breasts, scant pubic and axillary hair, and very
little body fat. She complains of fatigue, stomach aches,

What is the role of DXA in the care of patients
with anorexia nervosa?
Because early intervention is critical for skeletal health,
many clinicians caring for patients with anorexia nervosa obtain bone density measurements early in the
course of illness. The hope is that the experience of
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having the test and reviewing results will cause a young
woman to “wake up” to the long-term skeletal effects
of anorexia nervosa, hastening the recovery process.
Although the experience of undergoing a BMD test and
viewing results has variable effects on adolescents with
anorexia nervosa, the discovery of osteoporosis does
encourage healthy behaviors in many.

Support NOF . . . . . . . . . . . . . . . .
Join us in the fight against osteoporosis

NOF depends on the generosity of individuals who
recognize our important work educating the public
and health professionals alike on how to prevent,
diagnose and treat osteoporosis.

What is the treatment of bone loss in patients with
anorexia nervosa?
In anorexic patients, increased bone resorption
has been attributed in part to estrogen deficiency.
However, treatment with replacement estrogen, in
the form of oral contraceptives or low-dose estrogen,
has not been shown to improve bone density in randomized trials of young women with this disorder.
Although the effects on bone loss of other treatments
such as bisphosphonates, recombinant human IGF-1,
and bone growth factors are being studied, the role of
these agents remains uncertain. On the other hand,
nutritional rehabilitation that leads to achievement of
target weight is associated with improved bone density,
even without restoration of regular menses.63 This can
reverse bone loss in some young patients, particularly
the very young. All patients should maintain the recommended daily intake of calcium and vitamin D. Weightbearing exercise, in moderation, is also advisable.

There are many ways to support NOF in its mission
to defeat osteoporosis:

Individual Giving

Your gift will help us provide better care and
support for the most vulnerable – those who
have suffered a fracture – and to protect future
generations from this debilitating disease

Recurring Gift

By giving a little each month to sustain NOF
throughout the year, you can make a big impact
in our efforts to start conversations about bone
health and family health history in order to
elevate osteoporosis to an issue of national
concern. Your support will help us reach our goals
of better treating and ultimately preventing
osteoporosis.

Memorial and Tribute Gifts

Give a tribute or memorial gift honoring the
memory of friends and loved ones. For all gifts
made, NOF will send appropriate notification to
the honoree or to the family of the deceased on
your behalf and you will receive acknowledgment
of your gift either online or through the mail.

Case 2. Adolescent Boy with Crohn’s Disease
and Osteoporosis
The second case we will discuss is a 15-year-old boy
with Crohn’s disease diagnosed two years ago. The patient has required frequent courses of oral prednisone
to control his symptoms. He has had trouble gaining
weight and his sexual maturation is delayed. DXA
shows Z-scores of -2.6 in the lumbar spine and -2.2 in
the total body.

Planned Giving

NOF offers a variety of planned giving options.
Planned giving allows supporters to leave gifts
to NOF at death or to invest gifts during their
lifetime. Investing during your lifetime allows you
to receive the benefits while you are alive and
bequest the remaining funds to NOF at the time of
your death.

What can be done to support bone health in this
teenage IBD patient?
In order to minimize long-term complications of IBD,
it would be imperative to minimize future GC use in
this patient by starting steroid-sparing therapies such as
azathioprine or 6-mercaptopurine.
If the patient continues to have frequent flare-ups, a
specialist may consider the use of infliximab, a tumornecrosis-factor antibody, or other therapeutics. Other
strategies are available for patients who cannot tolerate

Visit www.nof.org today to make your
tax-deductible donation.
The National Osteoporosis Foundation is a qualified 501(c)
(3) tax-exempt organization and all donations to the organization are tax deductible.
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these drugs. Clinical improvement is associated with
weight gain and pubertal progression, including either
catch-up growth or restoration of normal growth velocity for age, all of which need to be carefully monitored. Attainment of peak bone mass is at stake in this
patient.

THE CLINICIAN’S GUIDE TO
PREVENTION AND TREATMENT
OF OSTEOPOROSIS

What is the significance of low bone density
Z-scores in children with Crohn’s disease?
DXA results need to be interpreted with caution in
children who are growth retarded. Atypically short
stature will distort comparison to age- and gendermatched peers. Correcting the Z-score for height improves diagnostic utility. Annual DXA studies should be
considered as part of the ongoing care of patients with
IBD.
How should this patient be treated?
Current data-supported guidelines recommend controlling inflammation while protecting growth through
use of biological therapy, immunomodulatory drugs,
limited GCs, enteral nutrition, and in some cases
surgery.64 Augmenting weight-bearing physical activity probably will help, but efficacy with regards to
bone health requires more study. The management of
children with Crohn’s disease is complex and multifactorial. Patients like this boy should be referred to a
specialist practice. Ultimately, surgery may be the best
treatment.

Download today to access the latest
clinical decision making information
right from your iPhone and iPad.
Go to www.nof.org for more information.

Summary
Generally accepted therapy for osteoporosis in children
begins with identifying and treating underlying causes
and addressing any correctable abnormalities. A coordinated management plan involving primary care and
specialist clinicians should be coupled with appropriate weight-bearing exercise and optimized nutrition,
with particular attention to achieving recommended
daily intakes for calcium and vitamin D. For children
who fail to respond to these measures and continue to
experience recurrent fragility fractures, vertebral collapse fractures, and low bone density (Z-score), pharmacologic therapy may be a reasonable consideration
under the auspices of specialists who have experience
using investigational or experimental agents. Low bone
density (Z-score of ≤ -2 by DXA) in the presence of
clinical history of pathologic fracture support a diagnosis of osteoporosis in a child or adolescent. Bone

densitometry alone should not be relied upon to provide a clinical diagnosis.
Measurement techniques for bone density in children
have not yet been optimized. Interpretation of DXA is
confounded by special characteristics of the growing
skeleton. The usual expression of bone density measurement in adults, the T-score, is inappropriate for
children and adolescents who have not yet achieved
peak bone mass. Bone density must be expressed as
a Z-score in children and adolescents, adjusted for
chronologic age, gender, ethnicity, height, and pubertal
status.
Specific therapy for children with osteoporosis is best
left to specialist clinicians who are highly experienced
12

in the evaluation and management of pediatric bone
disorders. In summary, while for routine BMD screening is not recommended for either the adult or pediatric population, evaluation by DXA is appropriate for
children and adolescents who have a significant history
of fragility fracture or specific risk factors for osteoporosis as discussed in this article. As better diagnostic
techniques and bone health assessment tools become
available, it is likely that pediatric-specific pharmacologic agents will be forthcoming. Until that time, we
recommend that children and adolescents who have a
suspected metabolic bone disease be referred to a pediatric bone specialist.
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Calcium-Rich Foods Patient Handout

Calcium-Rich Food, serving size

Calcium (mg)

Fortified oatmeal, 1 packet

350

Sardines, canned in oil, with edible bones, 3 oz.

324

Cheddar cheese, 1 1/2 oz. shredded

306

Milk, nonfat, 1 cup

302

Milkshake, 1 cup

300

Yogurt, plain, low-fat, 1 cup

300

Soybeans, cooked, 1 cup

261

Tofu, firm, with calcium, 1/2 cup

204

Orange juice, fortified with calcium, 6 oz.

200-260 (varies)

Salmon, canned, with edible bones, 3 oz.

181

Pudding, instant (chocolate, banana, etc.) made with 2% milk, 1/2 cup

153

Baked beans, 1 cup

142

Cottage cheese, 1% milk fat, 1 cup

138

Spaghetti, lasagna, 1 cup

125

Frozen yogurt, vanilla, soft-serve, 1/2 cup

103

Ready-to-eat cereal, fortified with calcium, 1 cup

100-1000 (varies)

Cheese pizza, 1 slice

100

Fortified waffles, 2

100

Turnip greens, boiled, 1/2

99

Broccoli, raw, 1 cup

90

Ice cream, vanilla, 1/2 cup

85

Soy or rice milk, fortified with calcium, 1 cup

	
  

80-500 (varies)

Source: U.S. National Institutes of Health. The Surgeon General’s Report on Bone Health and
Osteoporosis: What It Means to You. NIH Publication No. 12–7827. March 2013. Available at: http://www.
niams.nih.gov/ Health_Info/Bone/SGR/surgeon_generals_report.asp#s. Accessed February 13, 2014.
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Osteoporosis International is the leading scientific journal for
clinical research in osteoporosis and related bone diseases.
Published monthly, the journal is an international, multidisciplinary joint initiative of NOF and the International
Osteoporosis Foundation.
Free Subscription for NOF Professional Members

NOF STORE: Order Education Materials for Your Patients
Member Discount on All Purchases

How Strong Are Your Bones?
This brochure helps people understand osteoporosis, their
risk factors for the disease and the importance of bone
healthy behaviors. It explains bone density testing and
includes information on when to have a bone density test,
what the results mean and when to consider treatment.

A Guide to Osteoporosis Medicines
This brochure will help you better understand your
osteoporosis treatment options. It provides information on
the osteoporosis medicines approved by the U.S. Food and
Drug Administration (FDA), discusses factors to consider
when making a treatment decision and the issues you may
face in staying with a treatment plan.

Boning up on Osteoporosis: A Guide to Prevention and
Treatment
This 100+ page patient care handbook offers up-to-date
information on the prevention, diagnosis and treatment of
osteoporosis.
Free printable downloads and discounts on print patient
education publications for NOF Professional Members
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