FEATURE PEER REVIEWED

Bone health

JASNA ALEKSOVA MB BS(Hons), FRACP
PHILLIP WONG MB BS, FRACP, PhD

FRANCES MILAT MB BS(Hons), FRACP, MD

People with chronic disease often have impaired bone health and their
increased risk of fragility fracture is often under-appreciated. Recognition,
screening and appropriate management of bone health should form part of
the routine management of patients with chronic disease.

t is estimated that half of all people in

Australia have a chronic disease, with

one in five people affected by multiple

chronic diseases. Chronic diseases are
the leading cause of disability and death in
Australia and account for a significant
economic burden.! Many of the common
chronic diseases are associated with
osteoporosis and increased risk of fracture
(Box).

Osteoporosis is characterised by low
bone mass and impaired bone quality
and affects more than one million people
in Australia.? It is associated with signi-
ficant morbidity and mortality.® It is typi-
cally asymptomatic until there is a fracture,
although most vertebral fractures remain
asymptomatic. The effect of chronic disease
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on bone health is often unrecognised in
the management of these complex patients.
However, attention to bone health in
patients with chronic disease should form
a fundamental component of their
management.

This article discusses the major mecha-
nisms contributing to bone fragility in
people with chronic disease. A practical and
systematic approach to the investigation and
management of osteoporosis in people
with chronic disease in the general practice
setting is also considered.

Pathogenesis

The pathogenesis of osteoporosis in people
with chronic disease is multifactorial.
Optimal peak bone mass, which is typically
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reached during the third decade of life, is
an important determinant for future frac-
ture risk (Figure 1). Although the accrual
of bone and achievement of peak bone mass
is largely genetically predetermined, vita-
min D and calcium status, physical activity
and adequate nutrition also contribute.**
Patients with conditions that hinder the
achievement of peak bone mass have an
increased lifelong risk of osteoporosis and
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fragility fracture.®

Sex hormones influence peak bone mass
and are crucial to the maintenance of bone
health during adulthood. In women,
gonadal dysfunction commonly presents
with disturbances in menstrual cycles,
whereas symptoms are often vague and
nonspecific in men and the diagnosis may
be delayed.” Although acute systemicillness
can often cause temporary biochemical

disruptions in sex hormones, hypogonad-
ism may accompany or be a consequence
of chronic diseases.

Adverse effects associated with the use
of certain medications such as glucocorti-
coids can lead to accelerated bone loss. The
effect of chronic disease on muscle strength,
function and balance may further contrib-
ute to an elevated risk of falls and
fracture.®

¢ One in two people in Australia have

a chronic disease and one in five

have multiple chronic diseases.

Patients with chronic disease often

have impaired bone health and

are at increased risk of fragility

fracture.

» Chronic conditions such as coeliac

disease, inflammatory bowel disease,

diabetes mellitus, chronic kidney

disease and chronic liver disease

are associated with increased risk

of fragility fracture.

Recoghnising the importance of

bone health in people with chronic

disease and screening for secondary

causes of bone loss should form part

of routine management.

¢ Optimal care is best undertaken in a
multidisciplinary setting.

Common chronic diseases
associated with bone fragility
Coeliac disease

Coeliac disease, an autoimmune condition
triggered by dietary gluten that causes
mucosal inflammation within the small
intestines, is associated with gastrointestinal
symptoms and also skin and neurological
manifestations.” However, symptoms are
often nonspecific and the disorder is com-
monly underdiagnosed.® Previously thought
to be a rare disorder, epidemiological studies
indicate its prevalence is 1 to 2% in western
communities."

Coeliac disease results in chronic malab-
sorption, and the long-standing malabsorp-
tion of vitamin D and calcium can lead to
osteomalacia, low bone mass and associated
significant increase in fracture risk.”* Imple-
mentation of a strict gluten-free diet reverses
intestinal inflammation, and improve absorp-
tion and bone mineral density (BMD).">*

Inflammatory bowel disease

Patients with inflammatory bowel disease,
Crohn’s disease or ulcerative colitis are at
an increased risk of metabolic bone disor-
ders. The key contributing mechanisms to
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Common conditions associated
with impaired bone health,
osteoporosis and fragility fractures

Gastrointestinal

¢ Coeliac disease

¢ Inflammatory bowel disease
(Crohn’s disease, ulcerative colitis)

e Chronic liver disease (alcohol-related,
hepatitis, nonalcoholic steatosis)

Endocrine

e Diabetes

e Hyperthyroidism

e Hyperparathyroidism
e Cushing’s syndrome
¢ Hypogonadism

Renal
e Chronic kidney disease

Respiratory

¢ Chronic obstructive pulmonary
disease

e Cystic fibrosis

e Sarcoidosis

Rheumatological

* Rheumatoid arthritis

e Systemic lupus erythematosus
¢ Ankylosing spondylitis

Neurological

e Epilepsy

* Dementia

e Multiple sclerosis

e Cerebral palsy

e Parkinson’s disease

Psychiatric
¢ Eating disorders (e.g. anorexia nervosa)
e Depression

Haematological

e Myeloma

¢ Myeloproliferative disorders
e Haemochromatosis

* Thalassaemia

bone loss include malabsorption due to
intestinal inflammation, small bowel resec-
tions and the increased cytokine milieu
resulting in high circulating levels of tumor
necrosis factor-alpha and interleukin-6."
These cytokines instigate a cascade within
the bone that favours bone resorption and
ultimately bone loss.

The adequate control of inflammation,
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Figure 1. Changes in bone mass throughout life. Skeletal mass is accrued during childhood and
adolescence, with peak bone mass occurring during the third decade. Age-related bone loss
accelerates in women around the time of menopause. Chronic disease and associated
medications may attenuate expected gains in bone early in life (with reduced peak bone mass)

or lead to accelerated bone loss in adulthood.

particularly with use of immunological mod-
ulators (such as tumor necrosis factor-alpha
inhibitors), has beneficial effects on BMD.!
Although use of glucocorticoids may be
essential to control inflammation, their long-
term use has detrimental effects on BMD
and is a risk factor for fractures.”>"

Chronic liver disease

Chronicliver disease secondary to any cause
results in an increased risk of fractures.'®
The most common causes of chronic liver
disease are excessive alcohol intake, chronic
viral hepatitis and nonalcoholic steatosis.”
The common mechanism underlying the
increased fracture risk in these patients is
the persistent low-grade inflammation and
increased cytokine milieu. However, vitamin
D deficiency, reduced insulin-like growth
factor-1levels, vitamin K deficiency and the
direct effects of alcohol also contribute to
poor bone health.

Anorexia nervosa

Anorexia nervosa and other related eating
disorders are important risk factors for
adverse bone health in younger individu-
als.”! Poor nutrition during adolescence
and young adulthood prevents optimal
bone accrual and leads to a failure to
achieve peak bone mass.?? Furthermore,

8 EndocrinologyToday JULY 2017, VOLUME 6, NUMBER 3

gross dietary restriction commonly results
in deficiencies of micronutrient such as
vitamin D and calcium, as well as of macro-
nutrients (protein, fat and carbohydrates).
Endocrine abnormalities, most notably
hypogonadotrophic hypogonadism, are
important mechanisms for the low bone
mass and altered bone microarchitecture
observed in these patients.’

The resumption and maintenance of
normal body weight usually leads to recovery
of hypogonadism and improvements to
BMD,** and it is important that this occurs
before the age of peak bone mass. Unfortu-
nately, patients may only experience partial
recovery and relapses in adulthood can
occur.*

Hyperthyroidism

Hyperthyroidism (most commonly the result
of Graves’ disease or a toxic nodular goitre)
disrupts normal bone remodelling, leading
to reduced BMD and increased fractures.”
Thyroid hormone stimulates bone resorption
and leads to bone loss through several mech-
anisms, including inducing a negative
calcium balance due to hypercalciuria and
reduced intestinal calcium absorption.*
Treatment of hyperthyroidism is associated
with gains in BMD but not always a return
to baseline BMD levels.”?
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Diabetes mellitus
Although the micro- and macrovascular
complications of diabetes mellitus are
well established, impaired skeletal health
and increased fractures are also common
in people with type 1 or type 2 diabetes.”
The risk factors for impaired bone strength
and quality in people with type 1 diabetes
include high concentrations of circulating
proinflammatory cytokines and lower levels
of insulin and insulin-like growth factor-1
levels, which normally stimulate bone
formation.” Patients with type 1 diabetes
typically have reduced BMD and the relative
risk of hip fracture is almost seven times
greater than the general population.”
Patients with type 2 diabetes also have
increased fracture risk, although the risk
appears to be lower than in those with type 1
diabetes.’® Accumulation of advanced
glycosylated end products and vitamin D
deficiency predispose to bone fragility.*>*
Patients with type 2 diabetes often fracture
athigher BMD than people without diabe-
tes, with T-scores that are often normal.?
This increase in bone fragility is thought to
result from microarchitectural impairments
in bone quality as opposed to low bone
density alone.” The chronic complications
of diabetes such as retinopathy, neuropathy
and hypoglycaemia can also predispose to
falls and fracture.***

Chronic kidney disease

Chronickidney disease is an increasing public
health issue with currently one in ten people
in Australia affected.” Worsening renal func-
tion leads to changes in calcium, phosphorus,
parathyroid hormone and vitamin D metab-
olism, which have adverse effects on bone
homeostasis. These complex mechanisms are
collectively known as chronic kidney disease—
metabolic bone disorder (CKD-MBD) and
can be grouped as high bone turnover (e.g.
hyperparathyroidism) or low bone turnover
disease (e.g. osteomalacia and adynamicbone
disease but patients most commonly have
mixed disease).”” CKD-MBD in general is
associated with an increased risk of frac-
ture.*®* Despite the heterogeneity in bone
structure associated with this condition, the
Kidney Disease: Improving Global Outcomes

organisation recently recommended dual-
energy x-ray absorptiometry (DXA) imaging
for patients at all stages of chronic kidney
disease (stage 1 to 5), including those on
dialysis.*

Drugs associated with bone
fragility

Glucocorticoids

Most chronic medical conditions necessitate
long-term use of medications that have their
own specific side effects. Glucocorticoids
are important for the treatment of many
systemic disorders commonly seen in
general practice (e.g. rheumatoid arthritis,
systemic lupus erythematosus, chronic
obstructive pulmonary disease, sarcoidosis,
atopic dermatitis). Bone loss and micro-
architectural changes occur within weeks
of commencement of their use and fractures
occur in 30 to 50% of patients taking them
in the long term.**

Antiepileptic medications
Antiepileptic medications that induce the
cytochrome P450 system increase the catab-
olism of vitamin D and cause elevations in
parathyroid hormone levels. This in turn
increases bone resorption and results in the
mobilisation of calcium stores from bone.****
Patients taking antiepileptic medications have
an increased risk of falls and may sustain
vertebral fractures as a result of tonic—clonic
seizures.

Other medications

Proton pump inhibitors reduce gastric acid-
ity and are associated with an increased
fracture risk.** Aromatase inhibitors, used
as adjuvant therapy in the management of
postmenopausal women with breast cancer,
inhibit the conversion of androgens to
oestrogen and rapidly reduce circulating
oestrogen levels.* The oestrogen deficiency
state that ensues causes accelerated bone
loss with declines in BMD and increased
fracture risk.** Similarly, androgen depri-
vation therapy in men with nonmetastatic
prostate cancer results in low testosterone
and oestradiol levels and can lead to sig-
nificant declines in BMD and increased
fracture risk.”

Clinical approach

Investigations for osteoporosis in people
with chronic disease require the assessment
and optimisation of underlying medical
conditions and evaluation of fracture risk.
In premenopausal women, a menstrual
history is important to evaluate potential
hypogonadism. In men, symptoms of hypo-
gonadism may be nonspecific and biochem-
ical assessment is also important. Review of
medications (including dose of glucocorti-
coids) and discussion regarding smoking
cessation and safe alcohol intake is beneficial
for general health as well as bone health.
Assessment of vision, balance and gait, and
medications that predispose to falls (such
as benzodiazepines and antidepressants),
with allied health review as necessary, may
also reduce falls risk.

Absolute fracture risk calculators are
available and incorporate risk factors for
osteoporosis together with BMD to stratify
fracture probability. Two fracture risk cal-
culators commonly used to aid clinicians are
the Garvan fracture risk calculator and the
fracture risk assessment tool (FRAX).

Imaging studies and laboratory investi-
gations are performed based on clinical
assessment. BMD testing using DX A imaging
at the lumbar spine and hip is the modality
of choice for the diagnosis of osteoporosis.
Baseline thoracolumbar x-rays should be
performed as vertebral fractures are highly
prevalent and often asymptomatic (Figure 2).

Laboratory testing is useful to exclude an
additional cause of low BMD (particularly
low vitamin D levels) and to ensure safety
when prescribing medications for osteo-
porosis. Baseline laboratory evaluation
includes renal and liver function tests, a full
blood count, serum calcium and phosphate
levels, parathyroid hormone and 25-hydroxy-
vitamin D levels and thyroid function.
Gonadal hormones, serum protein electro-
phoresis, 24-hour urinary calcium excretion
and antitransglutaminase antibodies may
also be helpful (Table 1).

Treatment

Early recognition and screening

Early recognition that patients with chronic
disease may have poor bone health is
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Figure 2. Lateral thoracolumbar x-ray of a
38-year-old man taking prednisolone long
term for severe Crohn’s disease. The patient
presented with back pain and loss of height.
Fractures of T7 and T11 were identified
(arrows).

essential. Screening for secondary causes of
bone loss, DXA imaging, thoracolumbar
x-rays and other targeted investigations will
assist in identifying patients at increased
risk of fractures. Repeating the DXA is
generally recommended every two years, or
in 12 months in people with hypogonadism,
on prolonged glucocorticoid therapy or with
conditions associated with excess gluco-
corticoid secretion.

Manage the underlying chronic
disease

Effective treatment of the underlying dis-
ease processes commonly leads to improve-
ments in bone health. For example,
adhering to a gluten-free diet in people with
coeliac disease and reducing the inflam-
matory milieu in those with inflammatory
bowel disease have been shown to improve
BMD. The effect of hormone replacement
therapy on BMD in patients with anorexia
nervosa is complex and management often
requires specialist involvement. Ran-
domised controlled trials with use of the
oral contraceptive pill (containing 35 pg

mineral density

Table 1. Baseline and targeted investigations in people with low bone

Laboratory investigation

Condition being investigated

Full blood count

Inflammatory conditions, myeloproliferative
and other haematological disorders

ESR or CRP

Inflammatory conditions

Serum calcium and phosphate

Primary hyperparathyroidism, renal disease

Parathyroid hormone

Primary hyperparathyroidism, renal disease

Serum 25-hydroxyvitamin D

Vitamin D deficiency or insufficiency,
malabsorption

Alkaline phosphatase

Increased bone turnover (e.g. osteomalacia,
metastatic bone disease, Paget’s disease)

Serum creatinine and estimated glomerular
filtration rate

Renal disease

Liver function tests

Liver disease

Thyroid-stimulating hormone

Hyperthyroidism

HbA.. and/or oral glucose tolerance test

Diabetes mellitus

Protein electrophoresis

Multiple myeloma, monoclonal gammopathy
of uncertain significance

Serum testosterone, luteinising hormone
(morning sample) in men;
Follicle-stimulating hormone and oestradiol
in women

Male hypogonadism

Premature menopause

Coeliac serology (transglutaminase IgA and
deaminated gliadin peptide 1gG)

Coeliac disease

Abbreviations: CRP = C-reactive protein; ESR = erythrocyte sedimentation rate.

ethinyloestradiol) have not been shown to
be effective in improving BMD; *"** how-
ever, transdermal oestrogen (100 ug 17-B
oestradiol) combined with cyclical proges-
terone was associated with a mild increase
in spine and hip BMD.”* Maintenance of a
normal body weight is paramount in
returning menstrual regularity and restor-
ing BMD.*

Minimise additional risk factors

People with chronic disease who smoke
should be strongly encouraged to quit.
Physical activity, specifically weight bearing
and resistance exercises, show modest
improvements in BMD and may reduce falls.
Ensuring adequate nutrition and mainte-
nance of a healthy body weight is important.
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Patients with secondary osteoporosis should
aim to have the reccommended daily intake
of calcium (1300 mg/day in older adults,
ideally from dietary sources). Calcium sup-
plements may be used when dietary intake
is inadequate (a daily dose of 500 to 600 mg
of elemental calcium has been recommended
by Osteoporosis Australia).” Serum vitamin
D levels should be replete and kept above
50 nmol/L.

Specific osteoporosis treatment

Use of medications (including oral or intra-
venous bisphosphonates and denosumab)
in patients with chronic disease is reserved
for those at high risk of fracture. Medications
available on the PBS to treat osteoporosis
are outlined in Table 2. Treatment should
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Table 2. Medications available on the Pharmaceutical Benefits Scheme (PBS)
for treatment of osteoporosis

Drug name Dosage Current PBS indication
Bisphosphonates
Alendronate 70 mg weekly oral ¢ Osteoporosis in patients aged 70 years or older

with a BMD T-score of -2.5 or less’

Established osteoporosis with fracture due to
minimal trauma*?

Corticosteroid-induced osteoporosis™

Risedronate 35 mg weekly oral or | e Osteoporosis in patients aged 70 years or older

150 mg monthly oral with a BMD T-score of -2.5 or less”

Established osteoporosis with fracture due to
minimal trauma*?

Corticosteroid-induced osteoporosis**

Preservation of BMD$

Zoledronic acid | 5 mg yearly ¢ Osteoporosis in patients aged 70 years or older

intravenous with a BMD T-score of -3.0 or less”

Established osteoporosis with fracture due to
minimal trauma*?

Corticosteroid-induced osteoporosis™

Biologic agent

Denosumab 60 mg six-monthly ¢ Osteoporosis in patients aged 70 years or older
subcutaneous with a BMD T-score of -2.5 or less”

¢ Established osteoporosis with fracture due to
minimal trauma“?

Anabolic agent

Teriparatide 20 pg daily e Severe osteoporosis in patients with a BMD
subcutaneous T-score of -3.0 or less who have had two or

more minimal trauma fractures and at least one
symptomatic new fracture after 12 months
continuous therapy with an antiresorptive
agent at adequate doses™

Selective oestrogen receptor modulator

Raloxifene 60 mg daily oral Established postmenopausal osteoporosis with

fracture due to minimal trauma*®

Abbreviation: BMD = bone mineral density.

* Patient must not receive concomitant treatment with any other PBS-subsidised antiresorptive agent for this condition.
T Fracture documented on plain x-ray or computed tomography scan or magnetic resonance imaging scan.

A vertebral fracture is defined as a 20% or greater reduction in height of the anterior or mid portion of a vertebral body
relative to the posterior height of that body, or a 20% or greater reduction in any of these heights compared to the vertebral
body above or below the affected vertebral body.

T Patient must currently be on long-term (at least three months), high-dose (at least 7.5 mg per day prednisolone or
equivalent) corticosteroid therapy and have a BMD T-score of -1.5 or less.

§ Patient must be on long-term (at least three months), high-dose (at least 7.5 mg daily prednisolone or equivalent)
corticosteroid therapy and have a BMD T-score of less than -1.0.

'Specialist endocrinology or consultant physician input required and treatment must not exceed a lifetime maximum
of 18 months therapy.

be tailored to the patient’s needs and
comorbidities.

Intervention with bisphosphonates is
recommended for patients who require
corticosteroids (more than 7.5 mg predni-
solone daily or equivalent for more than
three months) and have a BMD T-score of
-1.5 or less, as there is a higher BMD frac-
ture threshold in these patients. Use of oral
bisphosphonates prevents bone loss; how-
ever, decreased compliance, malabsorption
or gastrointestinal intolerance may favour
the use of parenteral antiresorptives in
these patients.

Teriparatide may be used in patients
with very low BMD who continue to frac-
ture on antiresorptive therapy, with spe-
cialist input required for initiation. Some
patients may be at high risk of fracture but
do not qualify for treatment under the PBS
criteria, thus the need for pharmacological
treatment should also be judged on a case-
by-case basis.

Consider specialist referral

Limited evidence-based guidance is available
for treating osteoporosis in several groups,
including patients with type 1 diabetes,
chronickidney disease (creatinine clearance
<30 mL/minute), neurological and haema-
tological diseases, as well as young adults
and pregnant women. Such patients require
individualised management and specialist
input is often recommended. Furthermore,
referral of the patient to a specialist may also
be appropriate if there is declining BMD or
new incident fracture while taking specific
osteoporosis treatments.

Conclusion

Osteoporosis and impaired bone health isan
unrecognised component of many chronic
diseases. Osteoporotic fractures carry a
significant morbidity and mortality, and
increased awareness, targeted screening and
initiation of treatment are essential. ET
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