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Introduction

Childhood, adolescence and early adulthood are critical
developmental stages for skeletal mineralisation. Optimal
bone mass is defined as “the maximum amount of bone min-
eral content present at the end of skeletal maturation [1]7As
the vast majority of optimal bone mass is accrued in the first
two decades of life, chronic diseases during this period can
leave a lifelong legacy. The effect can be further exacerbated
by overexposure to glucocorticoids, a common treatment for
a range of RMD. Up to 50% of individuals affected by juve-
nile idiopathic arthritis (JIA) have a decreased BMD [2].

The International Society for Clinical Densitometry
(ISCD) consensus was that osteoporosis is said to be present
in the context of “>1 vertebral compression fracture in the
absence of local disease or high-energy trauma’” As such in
AYA, the diagnosis of osteoporosis requires the presence of a
“clinically significant fracture history (>2 long bone fractures
by the age of 10 or >3 long bone fractures at any age up to
19)” in addition to reduced BMD [3]. Suboptimal bone mass
obviously increases risk of early-onset osteoporosis. With
osteoporosis being a major cause of morbidity and mortality
in adults [4], it is clear that prevention begins by optimising
bone health at a young age.

Normal Bone Modelling

Bone structure is determined by bone modelling during child-
hood and remodelling throughout the life course. Modelling
involves adaptation to mechanical loading, and bone remodel-
ling refers to the constant replacement of bone during life.
This involves coordinated interaction of osteoclast-mediated
bone resorption with osteoblast-mediated bone (re)forma-
tion. Bone remodelling occurs most often in areas high in
trabecular (cancellous) bone such as the vertebrae, whilst
cortical bone comprises the majority of the skeleton. In early
adult life, endosteal apposition and trabecular thickening are
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crucial for optimum bone mass [5]. Trabecular bone is suscep-
tible to deleterious effects of supraphysiological glucocorti-
coids, particularly during adolescence [6].

Furthermore, during puberty, there are significant differ-
ences between males and females with regard to bone growth,
especially in terms of bone size and mass. The development
of adequate bone strength and the ability to respond to skel-
etal stress requires optimisation of numerous biochemical
and physical factors at a young age. Genetic polymorphisms
in the vitamin D, IGF-1 and oestrogen receptor genes may
influence bone phenotype [7]. Aside from these heritable
influences, modifiable factors include diet, physical activity,
lifestyle, BMI and hormonal status [8].

Assessment of Bone Health in Adolescence
and Young Adulthood

Assessing areal BMD (aBMD) and fracture risk in clinical
practice is a challenge in adolescence and young adulthood.
In general, aBMD accelerates in puberty and peaks between
the ages of 25 and 35 [9]. The acceleration is associated with
the period of rapid growth velocity and increased stature. The
“gold standard” technique involves using dual-energy X-ray
absorptiometry (DXA) at skeletal sites including the lumbar
spine, hip or occasionally the forearm [10]. For children and
adolescents, “posterior-anterior” (PA) spine and “total body
less head” (TBLH) are the preferred skeletal sites [11]. For
children, adolescents, men under the age of 50 and premeno-
pausal women, the Z-score is used to evaluate fracture risk, as
expressed in the equation below. Manufacturer-specific refer-
ence data is available to calculate gender- and ethnicity-
specific aBMD Z-scores.

(BMD)—(Age matched mean BMD)

Z - score = —
(Standard deviation)

*BMD values expressed as g/cm’
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Due to the technical limitation of DXA, which measures
areal bone density (g/cm?) rather than a true volumetric
bone density (g/cm?®), anomalous results are seen when
assessing children with reduced stature. This may be of par-
ticular relevance in the context of chronic rheumatic disease
[12-14]. When assessing a BMD in AYA height, weight and
pubertal stage should also be considered. The International
Society for Clinical Densitometry (ISCD) [3] states that the
term “low bone density or low bone mass” should be used “if
the aBMD Z-score or BMC is <-2.0 S.D”? A diagnosis of
osteoporosis in younger men, premenopausal women and
children should not be solely based on the bone density test
result. However, BMD is a useful predictor of fracture risk in
an adult; each one standard deviation (SD) decrease below
the reference population correlates to approximately double
the fracture risk.

ISCD consensus is that the term “osteoporosis” cannot
be applied to AYAs without a clinically significant fracture
history (see above), whilst the term “osteopenia” should not
be used in paediatric DXA reports at all [3]. Additionally,
due to the technical limitations of DXA, size adjustments
should be made for young people with short stature or
growth delay. Spine and TBLH BMC and aBMD should be
adjusted. With regard to the spine, either the bone mineral
apparent density BMAD or the height for age Z-score
should be calculated. For the TBLH, the height for age
Z-score should be used.

DXA reports should also include technical information on
scanning hardware and software in addition to patient demo-
graphics, weight, height, medical history, bone age and Tanner
stage. For AYA with an increased risk of clinically significant
fractures, a DXA scan should be conducted as part of a com-
prehensive health assessment. This is especially the case if the
young person may benefit from intervention to decrease their
fracture risk or if the results of the scan may affect the man-
agement plan.
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General Approaches to Optimise
Management and Promote Bone Health

Screening

Routine screening of healthy young people for osteoporosis
is not advised. However, those with RMD or any other condi-
tion associated with increased bone fragility should undergo
baseline bone densitometry testing in addition to assessment
of vitamin D status. BMD should be monitored at a minimum
interval of 1 year [15]. Cimaz and Ward [16] outlined screen-
ing criteria for osteoporosis in children and adolescents with
chronic rtheumatic disorders. Screening criteria are outlined
in Table 16.1 [17]. Vertebral fractures may be occult and rep-
resent a severe failure of bone strength. As many as 7% of
children had vertebral fractures at baseline (within 30 days)
on commencing glucocorticoids for rheumatic diseases, and
6% had incident fractures over 12 months follow-up in the
Steroid-associated Osteoporosis in the Pediatric Population
(STOPP) study [18, 19]. Thornton and colleagues [20] advo-
cate measuring baseline BMD with surveillance every 2 years
in adults with a background of JIA.

Glucocorticoid Therapy

Adults have increased fracture risk with doses as low as 2.5—-
75 mg of oral prednisolone per day [21]. Effects on BMD are cor-
related with the cumulative glucocorticoid dose. Alternate-day
rotations have been found to maintain growth in adolescents;
however, the effects of glucocorticoid therapy on bone may not
be reduced [22,23]. When long-term therapy is indicated or pre-
dicted, steroid-sparing medications such as azathioprine should
be used where possible [24]. Exposure to glucocorticoids should
be minimised with the use of lowest effective treatment dose
and duration to prevent decreased bone accrual.
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TaBLE 16.1 Summary of Key Clinical Points

History Underlying diagnoses
Fractures (mechanism of injury, site, number,
age; NB >2 long bone fractures by the age of
10; or > 3 long bone fractures at any age up
to 19 in presence of low BMD required for
diagnosis of osteoporosis in young people)
Glucocorticoid use (dose, duration)
Bisphosphonate use

Investigations DXA (low BMD indicated by size adjusted
BMD or BMC <-2.0 S.D)
Screening (suggested in the context of
confirmed fractures, back pain; glucocorticoid
therapy for more than 3 months, weight
gain whilst on steroid treatment, active
inflammation, and decreased Z-scores of the

spine)
General Glucocorticoids should be prescribed at the
advice and lowest effective treatment dose
management Steroid-sparing medications should be
considered

Physical activity — weight bearing where
possible, low-force activities if disease is active
Ensure optimal vitamin D status and calcium
intake

Physical Activity

Physical activity during child and adolescent development is
a determinant of peak bone mass via effects on mechanical
loading and osteocyte function. Exercise is deemed an essen-
tial component of long-term management for young people
with RMD. Weight-bearing physical activities such as walk-
ing, running, jumping and dancing are more effective at
optimising bone health than swimming or cycling. However
during periods of inflammation of their underlying disease,
low-force activities are recommended [2]. Furthermore, resis-
tance training may be introduced if tolerated [25]. Nichols
and colleagues [26] found that resistance training in growing
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subjects increased BMD at the femoral neck. High-impact
activities that of short duration with multiple rests are most
effective in promoting bone metabolism. These maximal
force activities enhance bone integrity [27]. Conversely sed-
entary behaviour is associated with reduced BMD in the
lower limbs as confirmed in a recent systematic review. The
authors stated however that the review was limited by the
quality of included studies with heterogeneous samples, study
design, lack of longitudinal and clinical outcome data [28].

Vitamin D and Calcium Supplementation

Vitamin D deficiency is highly prevalent worldwide. Severe
deficiency results in rickets and osteomalacia. Risk factors
relate to reduced exposure to UVB light, low dietary intake
and medication use (including glucocorticoids) [29]. There
are also associations with chronic disease states. There is gen-
eral agreement that calcium and vitamin D supplementation
can improve skeletal outcomes as evidenced by epidemio-
logical and a number of RCTs [29]. There is some controversy
as to the optimum thresholds of vitamin D for the general
population. The Institute of Medicine and UK National
Osteoporosis Society advise deficiency as serum 250HD
<30 nmol/L, insufficiency between 30 and 50 nmol/L and suf-
ficiency as >50 nmol/L. The Endocrine Society set higher
thresholds of 50 nmol/L for deficiency and up to 72.5 nmol/L
for insufficiency [30-32]. The latter advocate an induction
dose of a vitamin D supplement (e.g. 300,000 IU total over
6-10 weeks) followed by maintenance dosing (e.g. 800 1U/
day). The Institute of Medicine (IOM) endorses routine
screening for vitamin D deficiency and higher recommended
dietary allowances (RDA) for vitamin D supplements in
AYAs with chronic rheumatic diseases treated with glucocor-
ticoids. Others have suggested an RDA for adolescents with
chronic inflammatory diseases should be at least twice the
RDA of healthy controls [33]. It is clear that there is a need
for high-quality vitamin D supplementation studies in adoles-
cent and young adults to refine clinical protocols.
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Diet and Nutrition

Clinicians are encouraged to promote healthy nutrition and
enquire about the diet of their AYA patients with
RMD. During health maintenance visits, specifically ask
about the use of calcium and vitamin D supplements, dairy
intake, non-dairy sources of calcium or vitamin D and fizzy
drinks consumption. Increased intake of foods and drinks
that contain calcium and vitamin D should be encouraged.
Dairy products are the major source of calcium in the diet,
whilst cereals and beverages may be fortified [29]. A recent
cross-sectional study in healthy children reported positive
correlations between dairy intake and BMD [34]. Randomised
controlled trial evidence indicates that intake equivalent to
two glasses of milk is sufficient for normal bone development
between the ages of 8 and 16 years [35], with no additional
benefit with increased intake. Reduced fat alternatives of
dairy products such as reduced-fat milk and yoghurt also
provide a good source of calcium. Misconceptions as to the
caloric content of dairy products should be addressed and
rectified in health maintenance visits. There is growing recog-
nition that nutritional factors can act synergistically with
exercise to impact on bone health [36].

Bisphosphonates

Bisphosphonates are widely used in osteoporosis in older adults.
Their mechanism of action involves inhibition of osteoclast-
mediated bone resorption. They are used to impact on BMD
and fracture risk in children and adolescents with osteogenesis
imperfecta (OI) [37]. A Cochrane review in this area confirmed
that both oral and intravenous bisphosphonates increase BMD
in such patients. The authors stated that further study to estab-
lish effects on quality of life and long-term safety and fracture
reduction outcomes. As a rare disease, optimal outcomes would
be expected if the patient is managed in a dedicated clinical
service. Outside of this context, the use of bisphosphonates in
children and AYAs remains controversial due to safety concerns.
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These agents are not licensed in premenopausal women and are
contraindicated in pregnancy. Many specialists advocate that
bisphosphonates should be limited to men with low-trauma
fractures and postmenopausal women [14]. However, there is
recent evidence that young people receiving steroids for RMD
may benefit from prophylactic treatment with bisphosphonates
to increase lumbar spine BMD, although the effect on fracture
risk is uncertain [38]. At present their role is limited to use in OI
and other diseases associated with frequent fractures, vertebral
collapse or critical pain.

Conclusions

Careful consideration of bone health in AYA with RMD is
critical to ensure optimal long-term outcomes. Young people
with RMD may be exposed to a number of risk factors for
low BMD including active inflammation, glucocorticoid use
and reduced activity. Osteoporosis in young people is defined
by clinically significant fracture history and confirmed low
BMD. Young people with RMD should undergo baseline
assessment of BMD by DXA. Principles of management as
outlined in Table 16.1 include minimising glucocorticoid
exposure to that which is required for disease control,
encouraging weight-bearing physical activity where appropri-
ate and ensuring optimal vitamin D and calcium status.

Key Management Points

1. RMD is associated with a number of factors which
result in reduced bone accrual. This may result in an
increased fracture risk throughout life.

2. Bone health screening is recommended for AYA
diagnosed with RMD. This should include assess-
ment of BMD and vitamin D status.

3. Weight-bearing exercise and ensuring adequate vita-
min D and calcium intake and use of steroid-sparing
agents are useful preventative measures.
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4. The use of bisphosphonates in AYA with RMD
remains controversial. At present, there is evidence
for their use in AYA diagnosed with OI or other con-
ditions associated with fragility fractures.
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