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Abstract Osteoporosis, defined by BMD at the hip or
lumbar spine that is less than or equal to 2.5 standard
deviations below the mean BMD of a young-adult refer-
ence population, is the most common bone disease in
humans affecting both sexes and all races. It’s a silent killer
affecting the quality of life due to fractures and postural
changes. In osteoporosis there is an imbalance between
bone formation and bone resorption in favor of latter.
Preventive measures and treatments are available to
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combat this evil. Counseling is the integral part of pre-
vention as well as treatment of osteoporosis. Preventive
strategy includes life style changes, exercise, intake of
calcium and vitamin D, avoiding alcohol, smoking and
excessive intake of salt. Estrogen therapy/estrogen+-pro-
gesterone therapy (ET/EPT) is no longer recommended as
a first-line therapy for the prevention of osteoporosis. They
may be used in the therapy for osteoporosis in women
under 60. Diagnosis and classification are made by
assessment of BMD using DEXA or ultrasound and labo-
ratory investigations. Management includes estimation of
10-year fracture risk using FRAX, life style and diet
modification and pharmacological therapy. The drugs used
in osteoporosis may be those that inhibit bone resorption—
bisphosphonates, denosumab, calcitonin, SERMs, estrogen
and progesterone—or that stimulate bone formation—
PTH, Teriparatide. Combination therapies are not
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recommended as they do not have proven additional BMD/
fracture benefits. No therapy should be indefinite in dura-
tion. There are no uniform recommendations to all patients.
Duration decisions need to be individualized. While on
treatment monitoring should be done with BMD assess-
ment by DEXA/ultrasound and bone turnover markers.

Keywords Osteoporosis - BMD - DEXA - PRAX -
Bisphosphonates - Parathyroid hormone

Introduction

Osteoporosis is the most common bone disease in humans
[1] affecting both sexes and all races. Its prevalence
increases as the population ages. It’s a silent killer that
attacks the bones from within, right from adulthood and
stepping up its offensive postmenopause due to lower
levels of estrogen. The natural consequence of osteoporosis
is fractures and their complications, most common among
them being fracture of the vertebrae (spine), proximal
femur (hip) and distal forearm (wrist). Hip fractures are
associated with an 8.4-36% excess mortality within 1 year
[2]. Quality of life is also affected due to limitation of
activity as a consequence of postural changes.

Fortunately, preventive measures and treatments are
available to combat this evil. For those already affected
by osteoporosis, early diagnosis of bone loss and assess-
ment of fracture risk are crucial in slowing further loss of
bone or increasing bone density. Prevention, detection and
treatment of osteoporosis are responsibility of every
doctor, especially gynecologist. The objective of this
article is to address the prevention, risk assessment,
diagnosis and treatment of osteoporosis in women,
including indications for bone densitometry and fracture
risk thresholds for intervention with pharmacologic
agents.

Definition

According to the WHO diagnostic classification, osteo-
porosis is defined by BMD at the hip or lumbar spine that is
less than or equal to 2.5 standard deviations below the
mean BMD of a young adult reference population.

Counseling
Counseling is the integral part of prevention as well as
treatment of osteoporosis. In fact bone health counseling

should begin at adolescence as bone mass after the age of
50 is equal to the bone mass achieved by the age of 18-25
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minus the subsequent bone loss [3]. We must impress upon
the importance of making calcium deposits early in life.
Counseling should also involve education regarding the
prevention and early detection of osteoporosis and steps to
reduce fractures.

Pathophysiology of Osteoporosis

In osteoporosis there is an imbalance between bone for-
mation and bone resorption in favor of latter. This starts
during menopausal transition period and intensifies after
menopause. Bone loss leads to an increased risk of fracture
which in turn is intensified by age-related musculoskeletal
imbalances and use of glucocorticoids.

Genetic factors, endocrine status, nutrition, physical
activity and general health during growth play pivotal role
in the occurrence of osteoporosis [3].

Prevention

Osteoporosis is preventable as well as treatable, but we
need to improve the awareness about the disease in general
and the risk factors that lead to the problem. Factors
associated with an increased risk of osteoporosis and
related fractures are as follows:

e Lifestyle factors—alcohol abuse, smoking, excessive
intake of salt and vitamin A, poor physical activity,
inadequate intake of vitamin D and calcium

e Genetic diseases—cystic fibrosis, Gaucher’s disease,
glycogen storage disease, osteogenesis imperfecta,
Marfan’s syndrome, homocystinuria

e Hypogonadal states—Turner’s and Klinefelter’s syn-
drome, panhypopituitarism, premature menopause

e Endocrine disorders—Cushing’s syndrome, diabetes
mellitus, hyperparathyroidism, thyrotoxicosis

e Gastrointestinal disorders—celiac disease, malabsorp-
tion, inflammatory bowel disease, primary biliary
cirrhosis

e Hematologic disorders—hemophilia, multiple mye-
loma, sickle cell disease, thalassemia, leukemia and
lymphomas

e Neurological and musculoskeletal factors—multiple
sclerosis, epilepsy, muscular dystrophy, stroke

e Rheumatologic and autoimmune diseases—rheumatoid
arthritis, systemic lupus

e Miscellaneous—HIV/AIDS, weight loss, depression,
post-transplant bone disease.

e Medications—anticoagulants, anticonvulsants, gluco-
corticoids, GnRH agonists, tamoxephen, aromatase
inhibitors, methotrexate, lithium, antidepressants.
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Knowing these risk factors will help us in investigating
the women and taking adequate precautions.

Simple and most important elements of prevention
include diet and exercise. Diet is essential in maintaining
bone formation as well as density and should contain
adequate calories, protein, optimal calcium and vitamin D.
RCTs have shown that the combination of supplemental
calcium and vitamin D reduces the risk of fracture [4].
Dietary sources of calcium are milk, cottage cheese,
yogurt, hard cheese, green vegetables. Smoking and
excessive alcohol should be avoided. Exercise should be
performed at least 30 min a day, three times a week. One
may alternate all three types (isometric, isotonic and
stretching) of exercises. Exercises not only improve agility,
strength, posture and balance, they may also increase bone
density. Estrogen/Estrogen 4 Progesterone are no longer
recommended as a first-line therapy for the prevention of
osteoporosis, especially after the age of 60. Before the age
of 60, estrogen is considered only if the woman has
menopausal symptoms. Progesterone should be added if
the woman has uterus.

Daily calcium and vitamin D requirement [5]:

Premenopausal—calcium 1000 mg/day (includes cal-
cium in food and beverages + supplements). It could
be calcium carbonate or calcium citrate. Vitamin D
600 IU/day
Postmenopausal—calcium
800 IU/day

Those at risk of fracture should avoid falls, avoid/reduce
glucocorticoids, heparin and anti-epileptic drugs.

1200 mg/day, vitamin D

Management of Osteoporosis
Principles

e Thorough history and assessment of risk factors for
osteoporosis as well as fractures and falls

e Physical examination and investigations to know the
secondary causes

e Diagnosis and classification of osteoporosis after esti-
mating BMD

e Estimation of 10-year fracture risk using FRAX

e Lifestyle and diet modification

e Pharmacological therapy.

Investigations
The first-line investigations include: CBC, serum calcium,

serum phosphorus, 25-OH vitamin D, ALP, TSH, 24-h
urine calcium, total protein and albumin. Table 1 gives the
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Table 1 Interpretation of first-line investigations

Test Result  Cause
CBC Anemia Multiple myeloma
Calcium Elevated Hyperparathyroidism (HPT)

Low Vitamin D deficiency, malabsorption
Phosphorus Elevated Renal failure
Low Hyperparathyroidism

25-OH vitamin Low Malabsorption, celiac disease

D
ALP Elevated Vitamin D deficiency,
hyperparathyroidism
Creatinine Elevated Renal osteodystrophy

TSH Elevated Hypothyroidism
Low Hyperthyroidism
Urine calcium  Elevated Multiple myeloma, HPT

Low Inadequate intake of vitamin D and
calcium

Serum albumin Low
M band

Nutritional deficiency

Serum protein Multiple myeloma

interpretation of these. The second-line investigations
include: FSH, LH, estradiol, prolactin, PTH, rheumatoid
factor, 24-h urine-free cortisol, homocysteine. The above
investigations help in determining secondary causes of
0Steoporosis.

Bone turnover markers are not performed as a routine,
as they are very expensive and do not add more to the
diagnosis and management of osteoporosis. However, they
may be performed in a research setup.

Diagnosis

X-ray is not sensitive, but can detect density, trabecular
pattern and deformity. Bone mineral density (BMD) either
by dual-energy X-ray absorptiometry (DEXA) is the
mainstay of diagnosis of osteoporosis. They also help in
monitoring the post-treatment recovery. Additional bone
densitometry technologies include quantitative computed
tomography (QCT) and/or quantitative ultrasound densit-
ometry. Even though results are not equivalent to DEXA,
quantitative ultrasound densitometry is often used for
community-based screening programs because of the
portability of the equipment and it is a good tool to predict
fracture risk, bone quality and bone mass.

Based on BMD two types of scoring systems have been
evolved:

T score: SD below the average for a young adult at peak
bone density
Z score: SD below an average person of the same age

Based on BMD and T score WHO has classified the
osteoporosis as shown in Table 2 [6].
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Table 2 WHO classification of osteoporosis

Class T score Bone density

Normal +1to —1 BMD 0-1 SD below the mean
Only preventive measures

Osteopenia —1to—-24 BMD 1-2.5 SD below the mean
At risk of developing osteoporosis

if not treated

Osteoporosis ~ —2.5 or less BMD > 2.5 SD below the mean
At higher risk of fractures

Severe —2.5 or less BMD > 2.5 SD below the mean

osteoporosis  +1/more # At higher risk of fractures

The International Society for Clinical Densitometry
(ISCD) recommends that instead of T scores, ethnic or
race-adjusted Z scores should be used, with Z scores of
—2.0 or lower defined as either “low bone mineral density
for chronological age” or “below the expected range for
age” and those above —2.0 being within the expected
range for age [7].

There is no need to perform BMD measurement as a
routine in adolescents and healthy young or premenopausal
women; however, it is indicated in women aged more than
65 years and who are at risk of osteoporosis, especially
with a history of fracture.

10-Year Probability of a Major Osteoporotic
Fracture

WHO has also developed a Fracture Risk Algorithm
(FRAX®) to calculate the 10-year probability of a hip
fracture and the 10-year probability of a major osteo-
porotic fracture (defined as clinical vertebral, hip, fore-
arm or proximal humerus fracture), taking into account
femoral neck BMD and the clinical risk factors such as
age, gender, BMI, prior osteoporotic fracture and intake
of glucocorticoid [6]. This is country specific and
available online at www.nof.org as well as at
www.shef.ac.uk/FRAX. FRAX® is intended for post-
menopausal women.

Drugs Used in Osteoporosis

The drugs used in osteoporosis may be categorized as
follows:

1. Drugs that inhibit bone resorption—bisphosphonates,

denosumab, calcitonin, SERMs, estrogen and
progesterone

2. Drugs that stimulate bone formation—PTH,
teriparatide

3. Mixed—vitamin D, strontium ranelate.
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Bisphosphonates

These are first-line drugs. They slow the breakdown and
removal of bone. They are widely used for prevention and
treatment. They should be taken first thing in the morning
with 8 oz of plain water, and one should wait for half an
hour before taking food/other drugs. Other than gastroin-
testinal disturbances the serious side effects are avascular
necrosis or osteonecrosis of the jaw. Bisphosphonates may
be Alendronate (oral once weekly), Risedronate (oral once
monthly), Ibandronic acid (IV once monthly), Zoledronic
acid (IV once yearly).

Denosumab

It is an antibody directed against a factor receptor activator
of nuclear factor kappa-B ligand (RANKL) involved in
formation of cells that break down bone. It improves BMD
and reduces fracture. It is given in the dose of 60 mg s/c
once in 6 months. As it is very expensive, it is reserved for
intolerant/unresponsive to oral and/or IV bisphosphonates.

Calcitonin

It helps to regulate calcium concentrations. It is not clear if
it improves bone. It has analgesic property; hence, it is used
as first-line therapy for those who have a sudden, intense
(acute) onset of pain due to vertebral fractures. It is
administered via injection or nasal spray

SERM:s

They provide protection against bone loss but are less
effective than bisphosphonates or estrogen. They decrease
the risk of breast cancer. Not recommended for pre-
menopausal women and one should avoid them in case the
woman has hot flushes, especially raloxifene.

Estrogen Therapy/Estrogen + Progesterone Therapy (ET/
EPT)

They reduce hip and vertebral fracture risk by 34%.
Estrogen has additional advantage of controlling meno-
pausal symptoms. National Osteoporosis Foundation no
longer recommends ET/EPT as a first-line therapy for the
prevention of osteoporosis [8]. They may be used in the
therapy for osteoporosis in women under 60; however, they
are not recommended for treatment in postmenopausal
women after 60 years. They may be appropriate for pre-
vention of osteoporosis in premature menopause. WHO
study has shown that medroxyprogesterone acetate slightly
increases the risk of breast cancer [9]. Estrogen may
increase stroke and clots. Safety and efficacy increased if
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estrogen is given by transdermal/vaginal route. Human
estradiol is better.

Parathyroid Hormone (PTH)

It is the only medication that works by stimulating bone
formation. It is effective in prevention and treatment of
osteoporosis in postmenopausal women. It is more effective
at building spine bone density and reducing spine fracture
risk than any other treatment. It’s expensive, requires a daily
injection and is reserved for patients with severe hip or spine
osteoporosis. It should not be given to postmenopausal
women with hypercalcemia, bone metastases.

Vitamin D

Vitamin D has double benefit. It increases the BMD and
hence decreases the incidence of fracture by 25%. It also
increases muscle strength balance and lower extremity
function and hence decreases the rate of fall by 25%. How-
ever, results using vitamin D in postmenopausal osteoporosis
are mixed. It is effective in preventing glucocorticoid-in-
duced and post-transplant-related bone loss. When on cal-
citriol one should give a low-calcium diet and monitor for
hypercalcemia, hypercalciuria and renal insufficiency.

Strontium Ranelate

It is orally active and has two atoms of strontium + ranelic
acid. It stimulates osteoblast and has a modest anti-re-
sorptive effect. It has little effect on bone formation.

Management in Special Situations
Premenopausal Women

BMD screening is not routinely recommended for pre-
menopausal women [10]. Screening with BMD is needed
for women

e with history of fragility fracture

e with diseases, conditions or medications associated
with low bone mass or bone loss

e on therapy for osteoporosis

e in transition and specific risk factor for fracture (e.g.,
low body weight, prior low-trauma fracture or high-risk
medication)

Treatment in premenopausal age group includes: calcium,
vitamin D and weight-bearing exercise plus anti-fracture
therapies such as bisphosphonates/SERMs/teriparatide
(PTHa). ET/EPT is used only in proven deficiency and/or
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in women with
deficiency.

symptoms suggestive of estrogen

Postmenopausal Women

Treatment is indicated in postmenopausal women with

History of hip or vertebral fracture

Osteoporosis (T score < —2.5)

Osteopenia (T score —1.0 to —2.5)

10-year risk of fracture (hip > 3% others > 20%)

Treatment in postmenopausal age group includes:

Bisphosphonates are the first-line therapy in post-
menopausal women with osteoporosis or osteopenia. Initial
therapy may be with oral bisphosphonates, and the drug of
choice is Alendronate or Risedronate.

The second line of therapy is injection denosumab
especially for those who are intolerant of/unresponsive to
other therapies and those at high risk of fracture or with
impaired renal function.

For those who don’t tolerate bisphosphonates, SERMs/
strontium ranelate may also be tried. For those who do not
respond, PTH may be given. ET/EPT is given only in the
presence of menopausal symptoms that too under the age
of 60. In the presence of severe pain calcitonin may be
considered.

Combination therapies are not recommended as they do
not have proven additional BMD/fracture benefits.

Other drugs that may be given are vitamin D, vitamin K,
folate, vitamin B12, tibolone, androgens, isoflavones, fluoride.

No therapy should be indefinite in duration. There is no
uniform recommendation to all patients. Duration decisions
need to be individualized. While on treatment monitoring
should be done with BMD assessment by DEXA/ultra-
sound and bone turnover markers.

Emerging Drugs

e Sclerostin inhibitors—sclerostin is produced by osteo-
cytes and inhibits bone formation

e Integrin antagonists—integrins mediate the adhesion of
osteoclasts to the bone surface, an important initial step
for bone resorption

e Cathepsin K inhibitors—cathepsin K is a protease in
osteoclasts and plays a role in osteoclast-mediated bone
resorption.

Summary of Recommendations

e Start counseling regarding bone health early in
adolescence
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e Promote intake of calcium-rich diet and/or supplements
(totaling to a minimum 1000 mg per day) as well as
vitamin D (800 IU per day)

e Advice to avoid smoking and excessive alcohol

e Stress on the need of regular weight-bearing and
muscle-strengthening exercise

e Assess the clinical risk factors for osteoporosis, falls
and 10-year probability of fracture using FRAX

e Screen for BMD using DEXA or ultrasound in high-
risk premenopausal and postmenopausal women

e Diagnose and classify using WHO classification

e Initiate appropriate pharmacotherapy promptly along
with calcium and vitamin D in therapeutic doses and
monitor with BMD

e Recommended drugs—bisphosphonates (first-line ther-
apy), denosumab (second-line therapy), PTH (for those
who do not respond), calcitonin (for those with pain),
ET/EPT (in women with proven deficiency and
menopausal symptoms under the age of 60).
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