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Disease Overview
Osteoporosis is a disease characterized by

low bone mass and micro-architectural deterioration of
the bone tissue, leading to bone fragility and increased
risk of fracture, particularly of the spine, wrist, hip,
pelvis and upper arm.

Osteoporotic fractures are associated with
significant reductions in quality of life due to disability,
pain, and deformity; as well, they constitute an impor-
tant cause of death among the elderly and impose a
considerable economic burden on health services
worldwide(1). The high prevalence of osteoporosis
coupled with its significant health consequences makes
effective prevention and treatment a leading concern
for heath care practitioners.

Disease Definitions
In 1993, a conference was held in which an

internationally agreed upon definition of osteoporosis
was developed. Osteoporosis was defined as “a
systemic skeletal disease characterized by low bone
mass and micro-architectural deterioration of the bone
tissue with a resultant increase in fragility and risk
of fracture”(2). Recently the United States National
Institute of Health has defined osteoporosis as follows:

“a skeletal disorder characterized by compromised bone
strength predisposing a person to an increased risk of
fracture. Bone strength reflects the integration of two
main features: bone density and bone quality”(3).

In 1994, the World Health Organization
(WHO) classified patients according to bone mineral
density (BMD) values and published the information.
The intended use for the classification was to allow
for the comparison of prevalence estimates globally.
However, in the absence of methods of measuring bone
quality, the diagnosis of osteoporosis tends to be
made on the basis of BMD using the following WHO
classification(4,5):

Normal BMD is defined as a T-score above -
1.0 standard deviation (SD) compared with young
adult mean.

Osteopenia (low BMD) is associated with a
T-score between -1.0 and -2.5 SD inclusive. Osteopenia
is also a term used by radiologists to indicate that the
bones on a plain x-ray film appear to be of decreased
mineral content.

Osteoporosis is defined as a T-score lower
than -2.5.SD compared with young adult mean.

Severe Osteoporosis describes patients
whose T-score is below -2.5 SD and have suffered a
fragility fracture.

However, low BMD alone does not account
for all fracture risk in osteoporotic patients. As a result
other major risk factors are commonly considered when
making treatment decisions(5).
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Disease Prevalence
In the United States, the National Health and

Nutrition Survey (NHANES III) estimated that 13% to
18% of women have osteoporosis and 27% to 50%
have osteopenia.6 The risk of osteoporosis rises with
age, evidenced by the finding that approximately 70%
of 80-year-old women in the United States have post-
menopausal osteoporosis(6).

BMD measurements can be taken at a number
of sites including the femoral neck, the lumbar spine,
and distal forearm. In considering osteoporosis of the
hip alone it is estimated that 7.8 million women in the
United States are currently affected. This figure is
expected to rise to 10.5 million by 2020, primarily due to
the aging population(7). In the United States, the
number of persons aged 65 years and over is expected
to increase from 32 to 69 million between 1990 and
2050(8). The number of persons aged 85 and older is
expected to rise from 3 million in 1990 to 15 million in
2050(7).

The same demographic changes are also
predicted globally with the number of persons aged 65
and older expected to rise from 323 million in 1990 to
1555 million by 2050(8). This could cause the number of
hip fractures globally to increase from 1.7 million (1990)
to an estimated 6.3 million in 2050(9). If fracture inci-
dence rates simultaneously increase worldwide by 1%
annually, the projected number of hip fractures would
be 8.2 million by 2050(10). If rates were stable in North
America and Europe, but increase in developing
countries by 3% annually, the total number of hip
fractures globally would surpass 21 million by 2050(10).

Disease Incidence
Fractures represent the main clinical manifes-

tation of osteoporosis. Commonly occurring fractures
include vertebral fractures, fractures of the distal
radius and hip fractures. For Caucasian women living
in North America, the lifetime risk of fractures at age 50
is 17.5%, 15.6%, and16%, for the hip, spine and forearm
respectively(11). This translates into a lifetime risk of
40% for any fragility fracture(11). Similar rates have been
reported from parts of Europe, however there is a marked
variation in fracture risk between countries, regions,
and within countries(12).

Hip Fractures
Of the approximately 1.7 million hip fractures

that occur globally each year the majority are the result
of a fall from the standing position. Worldwide hip frac-
ture incidence rates increase with age. Hip fracture rates

are highest in Caucasian women living in temperate
climates, are somewhat lower in women from Mediter-
ranean and Asian countries and are the lowest in women
living in Africa(13-15). This despite the fact that hip
fracture incidence rates have been increasing with the
urbanization of central parts of Africa. Other countries
in economic transition, such as the Hong Kong Special
Administration Region (SAR) of China, have also seen
significant increases in age-adjusted fracture rates in
recent decades(16,17). Conversely, rates in industrialized
countries appear to have plateaued(16-18).

Among Caucasians the ratio of hip fractures
for females to males is approximately 2:1. This trend is
not seen in Blacks or Asians where the ratio between
males and females approaches unity(12).

Although hip fractures account for only 4.7%
of all osteoporotic fractures among women aged 50-55
years and 33.3% of osteoporotic fracture for women
aged 85-89 years, the event receives the most attention
presumably because of their high cost to individuals
and to healthcare payers(19). The average hospital
admission for a hip fracture in Europe is 20-30 days(20).
In addition, hip fractures are associated with significant
mortality. Of all the patients, 15-30% will die within six
months of experiencing a hip fracture(21,22). Patients who
survive hip fracture experience significant disability,
which results in the need for long-term care in approxi-
mately 20%(23). In industrialized countries longterm
care occurs at the institutional level. Conversely, in
developing countries the majority of patients return
home to receive long-term care.

Vertebral Fractures
Less than 50% of all vertebral fractures come

to clinical attention and only 1/3 to 1/5 of clinically
symptomatic fracture require hospitalization(24,25).
Thus, unlike hip fractures, which all come to clinical
attention, it is difficult to estimate the incidence of
vertebral fractures(25), although it is generally estimated
that the rates are roughly twice that of hip fracture
incidence rates. The incidence of vertebral fracture
increases with increasing age and the female to male
ratio is approximately 2:1. Vertebral fractures are most
common among Caucasian and Japanese women and
are less common among Black women(24).

Vertebral fractures are believed to be important
predictors for future osteoporotic fractures(26,27). It is
estimated that 20-26% of postmenopausal women will
experience a new vertebral and/or non-vertebral
fracture (i.e. hip, forearm/wrist, other) within 1 year of
an incident vertebral fracture(26,27) and this risk increases
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with the number of prevalent vertebral fractures(26).
This “fracture cascade” results in pain, kyphosis, loss
of height, disability, and increased mortality among
osteoporotic patients(28-30). Patients hospitalized for a
vertebral fracture spend approximately 6-30 days in
hospital(31,32).

Disease Pathophysiology
Bone serves as a support structure to allow

movement, and protection of various organs and
attachment of muscles(33). It also, provides a storage
bank of inorganic elements for mineral homeostasis
and blood-producing cells(33).

Bone is not completely solid; it includes
spaces, which act as channels for blood vessels to
supply bone cells with nutrients. The overall architec-
ture of the bone is divided into trabecular bone and
cortical bone. Cortical bone, which forms a compact
shell around the more delicate trabecular bone,
accounts for about 75% of the skeleton. Trabecular
bone, which is formed by an interconnecting lattice-
work of bone, accounts for the remaining 25% of the
skeleton(33).

Bone Remodeling
There are four major types of cells within

the bone, each with a distinct function: osteoblasts,
osteoclasts, osteocytes, and lining cells.

Osteoblasts are primarily responsible for bone
formation, which increases bone mass. Osteoblasts
form a contiguous layer of cells that, in their active
state, are cuboid in shape(34). During bone formation,
osteoblasts synthesize and secrete a collagen based
organic matrix for new bone. The life span of a team of
osteoblasts at a particular site ranges from three months
to 1.5 years(34). As formation progresses, the number of
osteoblasts decrease at the site and the cells become
flattened. Eventually, osteoblasts become incorporated
into bone as osteocytes, which are no longer involved
in bone building or remain on the surface as lining
cells, which are thought to regulate calcium and phos-
phate movement into and out of the bone(34). Osteo-
blast activity occurs continuously in all living bone;
therefore some new bone is constantly being formed.

Osteoclasts are primarily responsible for bone
resorption, a physiological process that results in the
loss of bone(34). Osteoclasts have a discoid shape with
a ruffled border and are located on trabecular bone and
in cortical bone. In trabecular bone, osteoclasts are
located on the surface, in shallow pits called lacuna. In
cortical bone, osteoclasts are located in cylindrical

tunnels. In either bone type, the life span of an osteo-
clast is approximately seven weeks(34).

During infancy and childhood osteoblasts are
usually more active than osteoclasts; the net effect
being an increase in bone mass. This process is called
modeling and is responsible for shaping or sculpting
the skeleton during growth. Modeling slows during
adolescence and stops completely by the mid twen-
ties(35). At this point, remodeling activities, wherein old
bone is continually resorbed and new bone is formed
in its place, increase. The net effect of remodeling, is
either no change or net loss in bone mass. As a person
ages, repeated strain or stress on bone from ordinary
mechanical use results in the development of micro-
damage and a reduction in the strength of the bone(35).
Consequently, remodeling is necessary to repair the
damage and any reduction in the rate of remodeling
may increase the risk of spontaneous fracture(35).

Bone Loss Leads to Osteoporosis
Osteoporosis occurs when there is an im-

balance between bone resorption and bone formation.
In persons with osteoporosis, bone resorption takes
place to a greater extent than bone formation, resulting
in a net loss in bone mass. Bone loss can occur in
several ways(36): 1) Osteoclasts may create an exces-
sively deep cavity, which cannot be filled by the action
of the osteoblasts. 2) The function of the osteoblasts
may be diminished, such that even a normal sized
lacuna is not filled. 3) An increased number of osteo-
clasts can be activated which, when in combination
with either of the above two processes, may result in
increased bone loss.

Patterns of Age-Related Bone Loss
Bone mass increases progressively during

growth until skeletal maturity. At skeletal maturity men
have a 10-15% greater bone mass than women(36). This
difference partially explains the higher fracture rate in
women. Another factor is the accelerated period of
bone loss at menopause, which is thought to be caused
by a reduction in the production of estrogen. The exact
mechanism of estrogen action is unknown, however
high affinity receptors have been located on both
osteoclasts and osteoblasts(36). Bone loss is most rapid
during the first 5 to 8 years after menopause, with an
annual loss of BMD of 3% to 5%. Bone loss continues
thereafter, but at a slower rate of 1 to 2% per year(37).
Trabecular bone, which has a high annual metabolic
turnover rate (about 25% vs. 3% for cortical bone), is
most greatly affected by osteoporosis. The lumbar spine
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and femoral trochanter are sites that have a significant
trabecular composition, and are particularly suscep-
tible to osteoporosis and ultimately fractures.

Risk Factors
BMD is not the only factor that has been

suggested by the WHO and other organizations as a
predictor of the risk of future fractures. Age is also an
important factor that may affect bone density and
absolute risk of fracture. Relative to women aged 50-
54, the odds of having osteoporosis were 5.9 fold higher
in women aged 65-69 and 14.3 fold higher in women
aged 75-79 in a study of over 200,000 postmenopausal
women(38). In elderly women with no history of fracture,
variables such as low calcium intake, low vitamin D
intake, and history of fracture in 1st degree relatives,
were identified as risk factors for hip fracture in 4-year
prospective study(39). The presence of a vertebral
fracture is a strong risk factor; increasing the risk of
an additional vertebral fracture by 5-fold.

Other factors found in some studies include
premature menopause, chronic therapy with oral corti-
costeroids, high caffeine intake, Caucasian or Asian
ethnicity, lean body build, low levels of physical
activity, smoking and excessive alcohol use(40).

The National Osteoporosis Foundation
(NOF) classifies risk factors as non-modifiable and
modifiable(41).

Non-modifiable:
Personal history of fracture as an adult
History of fracture in first-degree relatives
Caucasian race
Advanced age
Female sex
Dementia
Poor health/frailty
Modifiable:
Current cigarette smoking
Low body weight/thinness (< 127 lbs)
Estrogen deficiency
Early menopause (< aged 45) or bilateral ovariectomy
Prolonged premenopausal amenorrhea (> 1 year)
Low calcium intake (lifelong)
Alcoholism
Impaired eyesight despite adequate correction
Recurrent falls
Inadequate physical activity
Poor health/fragility

Currently, there is no universally accepted
policy of screening to identify patients with osteoporo-

sis, nor is it clear whether it is appropriate to screen
asymptomatic postmenopausal women. Most organi-
zations that endorse guidelines recommend using risk
factors to select patients for bone density testing, but
lack of evidence prevents consensus on what risk
factors to use. The Osteoporosis Society of Canada
(OSC) recommends that all postmenopausal women
over 50 years of age be assessed for the presence of
risk factors related to osteoporosis. The four key
factors chosen by the OSC are low BMD, prior fragility
fracture, age and family history of osteoporosis. The
U.S. Preventative Services Task Force recommends
that women 65 years and older should be screened
routinely for osteoporosis. Routine screening should
begin for women aged under 65, who are at increased
risk for fractures related to osteoporosis. In 1998, the
NOF in collaboration with several professional organi-
zations issued screening guidelines recommending
bone density testing for all women 65years and older.
Some of the collaborating groups included the
American Academy of Orthopedic Surgeons, the
American College of Rheumatology and the American
Society of Bone Mineral Research recommended the
testing was also screened for younger postmenopausal
women who have had a fracture or who have one or
more risk factors for osteoporosis(42).

Available Drug Treatments
The purpose of drug therapy among osteo-

porotic patients is to reduce the risk of fracture,
stabilize or achieve an increase in bone mass, relieve
symptoms of fractures and skeletal deformity, and
maximize physical function(43). Although there have
been many agents have been used for treatment in
postmenopausal women with the incidence of verte-
bral and non-vertebral fractures as primary endpoints.
Results of these trials have shown that several agents
reduce the risk of fracture by as much as 30-50%.

Calcium and Vitamin D
Calcium is an important nutrient in the

prevention and treatment of osteoporosis as it slows
the rate of bone loss, especially in elderly women and
in those with a low calcium intake. Vitamin D, obtained
either from food or synthesis in the skin during sun-
light exposure, is also given as a supplemental treat-
ment for osteoporosis. Calcium and vitamin D are often
taken as an adjunct to other therapies for osteoporo-
sis. Controlled clinical trials have demonstrated that
these agents can reduce the risk of fracture. In a French
study of 3,270 elderly women treated for 3 years with



J Med Assoc Thai Vol. 91 No. 4  2008 585

calcium (1,200 mg daily) and vitamin D (800 IU daily),
the probability of hip and all non-vertebral fractures
was significantly reduced by 29% and 24% respec-
tively, compared to placebo(44,45).

Bisphosphonates
Bisphosphonates are stable analogues of

naturally occurring pyrophosphate(46). Clinical trials of
bisphosphonates consistently provide solid evidence
of efficacy in preventing both vertebral and non-
vertebral fractures. The availability of the different
bisphosphonates varies across countries, however
etidronate, alendronate, and risedronate seem to be
most commonly used.

Etidronate was the first bisphosphonate
developed. The agent is administered intermittently,
typically at 400 mg per day for 2 weeks and then re-
peated every 3 months(40). Findings of a meta-analysis
suggested relative risk reduction of 37% (95% CI 8% to
56%) for vertebral fractures, but no significant effect
was noted for non-vertebral fractures(47).

Alendronate is given continuously at a daily
dose of 5 mg for prevention of osteoporosis and 10 mg
for treatment of established osteoporosis(43). Results
from a study(48) of 2,027 osteoporotic women with at
least one prevalent vertebral fracture who were treated
with 5 mg alendronate for the first two years and 10 mg
of alendronate during the subsequent years suggested
a relative risk reduction of 47% (95% CI 32% to 0.59%)
for radiographic vertebral fractures and 51% (95% CI
1% to 77%) for hip fractures.

Risedronate is given at a daily dose of 5 mg(43).
Recently two large, 3-year multicenter RCTs have
evaluated the efficacy of risedronate in the treatment
of postmenopausal osteoporosis(49,50). In one study, 5
mg of risedronate resulted in a relative risk reduction
of 49% (95% CI 27% to 64%) for vertebral fractures(50).
The overall incidence of non-vertebral fractures
was reduced by 33% however the results were not
significant(50). In the Harris study(49), treatment with
risedronate resulted in a 41% (95% CI 18% to 57%) risk
reduction of vertebral fractures and 40% (95% CI 6%
to 61%) of non-vertebral fractures. Another study
conducted by McClung et al (51) on women 70-79 years
of age with osteoporosis with a previous vertebral
fracture calculated a relative risk reduction for hip
fractures of 60% (95% CI 23% to 77%) and for non-
vertebral fractures of 30% (95% CI 10%-50%).

Ibandronate, a daily dose of 2.5 mg, has
recently received an indication for the treatment and
prevention of osteoporosis in postmenopausal women.

In addition to the oral formulation, ibandronate can
also be administered intravenously. The effect of
ibandronate has been demonstrated in a three-year,
randomized, double blind, placebo-controlled, multi-
national study of 2,946 postmenopausal women aged
55 to 80 years who have had one to four previous
vertebral fractures. The incidence of new vertebral
fractures was significantly reduced in the ibandronate
arm compared to the placebo with a relative risk reduc-
tion of 52% (95% CI 29% to 68%), but no significant
effect was noted for non-vertebral fractures(52). The
Monthly Oral iBandronate In LadiEs (MOBILE) study,
a study conducted in 1,609 women demonstrated that
the non-inferiority of once-monthly oral ibandronate
to the daily oral regimen. Greater benefit was derived
from the ibandronate 150 mg once-monthly tablet than
from either the daily regimen or 100 mg once-monthly,
without detriment to tolerability(53,54).

Zoledronic acid, the most recent bisphospho-
nates to be approved for treatment of postmenopausal
women is zoledronic acid 5 mg (Aclasta), which is
administered as a once-yearly infusion. There is a
significant body of clinical experience with zoledronic
acid 4 mg (Zometa) for cancer-related bone loss and
with Aclasta for the treatment of Paget’s disease of
bone. Preclinical and clinical studies support the
efficacy and safety of this agent in postmenopausal
women, and these findings, together with its unique
administration schedule, indicate the potential for
Aclasta to have a significant impact on the manage-
ment of postmenopausal osteoporosis. Health Out-
comes and Reduced Incidence with Zoledronic acid
Once yearly - Pivotal Fracture Trial (HORIZON-PFT)(55),
was a 3- year, international randomized, double blind,
placebo-controlled phase 3 trial in postmenopausal
osteoporosis. Patients in the study were stratified on
the basis of whether or not they were receiving con-
comitant osteoporosis medications (Stratum I: no con-
current medications; Stratum II: concurrent medications
taken). A total of 7,765 women were randomized to treat-
ment or placebo. Zoledronic acid treatment resulted in
statistically significant improvements in BMD for the
total hip, femoral neck, and lumbar spine at all visits
(6, 12, 24 and 36 months). The treatment with zoledronic
acid resulted in statistically significant reductions in
the two primary end points, new morphometric vertebral
fractures in Stratum I patients, and new hip fractures in
both strata combined throughout the 3-year study.
Compared with placebo, zoledronic acid reduced the
risk of new vertebral fractures in patients who were not
receiving concomitant osteoporosis medications by
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70%, and the risk of hip fracture by 41% at 36 months.
Zoledronic acid-treated patients also had significantly
reduced risks of any clinical fractures (33%), and non-
vertebral fractures (25%) compared with placebo group.
Moreover, an annual infusion of zoledronic acid within
90 days after repair of a low-trauma hip fracture was
associated with a reduction in the rate of new clinical
fractures and improved survival(56).

Selective estrogen-receptor modulators (SERMs)
SERMs are non-hormonal agents that bind to

estrogen receptors with an affinity equivalent to that
of estradiol, but can act either as estrogen agonists
or antagonists depending on tissue(40). Raloxifene is
the only SERM approved in some countries for the
prevention and treatment of osteoporosis. In early
postmenopausal women, raloxifene prevents post-
menopausal bone loss at all skeletal sites. The MORE
(Multiple Outcomes of Raloxifene Evaluation) study(57),
which involved 7,705 women with osteoporosis, noted
a 43% (95% CI 3% to 52%) reduction of incident
vertebral fractures in women with prevalent vertebral
fractures when they were treated with raloxifene. No
significant effects on non-vertebral fractures were
observed.

Calcitonin
Calcitonin is a naturally occurring peptide

hormone. The route of administration is via the nasal
mucosa in the form of a spray. The exact mechanism of
action is not well understood, however at pharmaco-
logical dose levels, calcitonin acts as an anti-resorp-
tive agent. There is only one study(57) to date that has
sufficient power and was designed to detect a change
in fracture rates. In the PROOF (Prevent Recurrence
Of Osteoporotic Fractures) study, a daily dose of 200
IU of nasal salmon calcitonin significantly reduced
vertebral fractures by 36% (95% CI 4% to 57%). How-
ever the study had a high dropout rate and there was
no effect shown for doses of 100 and 400 IU of calcito-
nin. The study was not powered to detect a reduction
in non-vertebral fractures(58).

Parathyroid hormone (PTH)
Clinical studies have been conducted to

determine the benefits of parathyroid hormone (PTH)
in the prevention and treatment of osteoporosis. A
double blind placebo controlled prospective study(59)

was conducted in 1,637 postmenopausal women with
previous vertebral fractures. Women in the treatment
arm received a daily subcutaneous injection of 20 or

40 g. 1-34 fragment recombinant human PTH, for a
median of 19 months. The incidence of new vertebral
fractures was reduced by 65% (95% CI 45% to 78%)
among women treated with PTH.

Strontium ranelate
Strontium ranelate is composed of an organic

moiety (ranelic acid) and of two atoms of stable non-
radioactive strontium. In vitro, strontium ranelate has
been suggested to have a dual effect on bone how-
ever, in vivo long term dosing of strontium ranelate
in OVX rats and monkeys resulted in increased bone
formation but non-significant trends of bone resorp-
tion. In human studies (phase III trials), there is some
evidence of increases in bone formation markers (serum
bone-specific alkaline phosphatase and C-terminal
propeptide of type I procollagen) and decreases in
markers of bone resorption (serum C-telopeptide and
urinary N-telopeptide cross links) from the third month
of treatment (2 g of strontium ranelate daily) up to three
years(60,61). Strontium ranelate has been investigated
in a large phase III program, included two extensive
clinical trials for the treatment of severe osteoporosis.
Spinal Osteoporosis Therapeutic Intervention (SOTI)
is aimed assessing the effect on the risk of vertebral
fractures(62). TReatment Of Peripheral OSteoporosis
(TROPOS) is aimed at evaluating the effect on peri-
pheral (nonspinal) fractures(63). The study duration was
5 years, with the main statistical analysis planned after
3 years of follow-up. Of 1,649 patients with a mean age
of 70 years were included in SOTI and 5,091 patients
with a mean of 77 years were included in TROPOS. The
primary analysis of the SOTI study, revealed a 41%
risk reduction for first new vertebral fracture through-
out the 3-year study. The PROTOS study, showed a
significant reduction in the relative risk of a first
nonvertebral fracture compared with placebo. A 41%
reduction in the relative risk of experiencing a hip
fracture was demonstrated in the per protocol popula-
tion.

Alternative or Adjunct Therapies
There are several therapies that are not

generally accepted to be the first line treatment for
osteoporotic fractures. These medications include
hormone replacement therapy (HRT), estrogen deriva-
tives, fluoride, ipriflavone and vitamin K2.

Even though a good-quality body of evidence
supports the efficacy of HRT in increasing bone
density and decreasing fracture risk,(64) HRT use has
declined in recent years due to evidence of increased
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risk of cardiovascular complications particularly in
aging women(64-66).

Another product often used in many countries
is the progestin derivative, tibolone. Tibolone is a
synthetic analogue of norethynodrel, a 19 nor-test-
osterone progestin with weak estrogenic, moderate
progestational and mild androgenic properties. Fluo-
ride salts are also available in many countries. Fluoride
is one of the few agents that have consistent anabolic
effects on cancellous bone mass over a long-term
basis, however its effects on reducing vertebral
fractures are inconsistent(64).

Ipriflavone, a synthetic phytoestrogen, and
vitamin K2 are two other existing treatments where
there is some evidence of efficacy. Trials of ipriflavone
are difficult to compare because skeletal sites measured
in the RCTs vary, and because the RCTs have not
consistently ensured adequate intake of calcium and
vitamin D in either the treatment or placebo arms(67).
Only one study(68) has reported fracture outcomes.
There was no difference in the occurrence of vertebral
fractures between the ipriflavone arm and the placebo.
Larger studies are required to determine the efficacy of
ipriflavone in protecting against vertebral fractures.
Vitamin K2 has also been examined to determine its
effects on fracture(69-71). These studies are limited by
the fact that the RCTs of vitamin K2 (typically
menatetrenone, 45 mg/day) did not include calcium or
vitamin D intake in either the treatment or placebo
arms(40).

Treatment Guidelines
At present there are no universally accepted

guidelines for the treatment and prevention of osteo-
porosis. Several international and national organiza-
tions have published recommendations for treating and
managing osteoporosis, including the International
Osteoporosis Foundation (IOF)(46), the NOF(61), and the
Canadian Medical Association (CMA)(40).

Treatment guidelines endorsed by the IOF
recommend that individuals with a fragility vertebral
fracture should always be treated, since they are at
significant risk of subsequent fractures. Based on the
scientific evidence the organization recommends
alendronate, risedronate and raloxifene as the preferred
treatment options.

The National Osteoporosis Foundation
(NOF) has identified cut-points for intervention and
recommends initiation of therapy to reduce the risk of
fracture in women with(41):
1) T scores < -2 SD in the absence of risk factors

2) T-scores <-1.5 SD if other risk factors are present
3) All persons 70 years of age and older with multiple
risk factors regardless of BMD

The NOF supports the National Academy of
Sciences (NAS) recommendation that women over age
50 years consume at least 1,200 mg per day of elemen-
tal calcium and an intake of 400 to 600 IU per day of
vitamin D(67). For those at risk of deficiency such as
the elderly, the chronically ill or institutionalized indi-
viduals, the NOF recommends 800 IU of vitamin D per
day(67). The guideline does not give any specific rec-
ommendations of drug therapy but indicates the use
of all FDA approved pharmacologic options for the
prevention and/or treatment of postmenopausal
osteoporosis. The NOF does advocate the use of
drugs not approved by the US FDA such as calcitriol,
etidronate, newer bisphosphonates (ibandronate,
pamidronate, tiludronate, zoledronic acid), sodium
fluoride and tibolone(67).

The CMA recommends that bisphosphonates
(risedronate or alendronate) should be the first-line
therapy for postmenopausal women with low BMD(40).
In addition to these agents or as an alternative, raloxifene
should be the first line treatment for postmenopausal
women with osteoporosis, especially those women
with prevalent vertebral fractures(40). At present, PTH
is not yet approved in Canada, but is expected to
become a first-line treatment for postmenopausal
women with severe osteoporosis. A second-line treat-
ment recommended for postmenopausal women with
osteoporosis is nasal calcitonin(40). It is recommended
that both first-line and second-line treatment should
be taken with calcium (1500 mg/day) and vitamin D
(800 IU/day)(40).

Economics of Osteoporosis
Burden of Illness - Medical and Societal Needs

Osteoporosis and its direct consequences,
fractures, are a major concern for public health, as they
represent a significant cost to health care systems in
countries such as United States, Canada, the United
Kingdom, France, Germany, Italy, and Japan. In the UK,
osteoporosis costs the National Health Service (NHS)
and the government approximately �1.8 billion each
year(72). According to the IOF audit report “Osteoporo-
sis in European Community: Action Plan” published
in 2003, the annual cost of treating all osteoporotic
fractures in Europe is estimated to be € 25 billion(73).
Likewise in the United States, it has been estimated
that osteoporotic fractures cost US$ 17 billion each
year(74).
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As the population ages, fracture rates increase
exponentially among both men and women. The result
is that osteoporosis afflicts an estimated one third of
women aged 60 to 70, and two thirds of women aged 80
or older. Accordingly, approximately 200 million women
worldwide suffer from osteoporosis. In the UK, the
number of women aged 50 years and older who have
osteoporosis or are at risk for developing the disease
are expected to increase from almost 30 million in
2002 to over 35 million in 2010(72). Countries within the
European Union (EU) are facing a similar trend. The
number of prevalent vertebral fractures is expected to
rise from 23.7 million in 2000 to 37.3 million by 2050(75).

Osteoporotic fractures are a significant cause
of morbidity and mortality. The morbidity burden has
considerable medical, social and financial implications
that are evident worldwide. Hip fractures have an over-
all mortality of 15-30%,(21,22) the majority of excess
deaths occurring within the first six months after the
fracture. These fractures are associated with consider-
able morbidity necessitating hospital admission
for an average of 20-30 days(20). Moreover, 50% of
women who sustain a hip fracture do not return to their
previous functional state; approximately 20% require
long-term care(23). Vertebral fractures are also associated
with reduced survival(76), but do not have the same
degree of impact as hip fracture.

In addition to morbidity and mortality, osteo-
porotic fractures are associated with significant use of
health care resources relating to hospitalization, out-
patient care and long-term care. Hip fractures account
for more than 20% of orthopaedic bed occupancy in
the UK(72). It is expected that hospital beds needed to
treat people with hip and spine fracture will more than
double over the next 50 years(19,77). In Europe and the
United States together, of the approximately 650,000
patients per year with hip fractures, more than one-
third are rendered functionally dependent (IOF); 19%
of the patients enter long-term care facilities(78).

In addition to the direct costs associated with
osteoporotic fractures, the indirect costs due to lost of
productivity (the value of present production losses
resulting from morbidity and future production losses
resulting from premature death) and caregiver time
should be taken into consideration. In Sweden and the
UK the total costs (e.g. primary care, outpatient care
and institutional care) of caring for someone with hip
fracture is 2.5 times greater than the direct hospital
costs(72). A study of osteoporosis in the United States
estimates the value of lost productivity due to missed
work at less than 1% of total economic costs whilst the

value of premature death accounts for 35.3%(78).
Together the indirect costs of lost productivity and
premature mortality from fractures (mostly, but not all
related to osteoporosis) amount to between $4.5 and
$6.4 billion in the United States alone(78).

Quality of Life Impact of Osteoporosis
Central to the assessment of quality life is

the patient’s ability to perform the tasks of daily life,
engage in social activities, and function without pain.
Osteoporotic fractures, particularly vertebral fractures,
often cause disability, deformity and chronic pain. More
than 50% of hip fracture patients over 60 years of age
need more assistance with activities of daily living
after fracture than before(79). Furthermore, Chrischilles
et al(23) have estimated that osteoporosis-related frac-
tures will cause 6.7% of women to become dependent
in basic activities of daily living during their lifetimes.

The quality of life decreases steadily as the
number of vertebral fractures increases. This applies
to pain, physical function including activities of daily
living (ADL) and mobility, social activities and the
perception of being healthy. Patients with two or three
vertebral fractures have an increased risk of problems
with three or more activities of daily living compared
to people without vertebral fractures. Likewise, age
also affects the quality of life among patients with
osteoporosis as older patients with vertebral fractures
can adapt poorly compared to younger patients.

Although there has been increased interest
in studies that document the impact of fractures on
general health status, as evidenced by development of
osteoporosis-specific health status instruments(80,81),
very little work has been conducted on utilities for
postfracture health states. Utilities represent a person’s
or a group of people’s preference for a health state.
Utilities range from 0 to 1, where perfect health is as-
signed a value of 1 and death is assigned a value of 0.
Measurements of utility are different from measure-
ments of general health status (e.g., SF-36) or func-
tional status (e.g., activities of daily living; ADLs),
because they reflect how patients feel about what
they can do rather than what they are able to do(82).
Commonly used examples of generic instruments for
obtaining health state utility values are the EQ-5D and
the Health Utility Index-III (HUI-III). Other methods to
obtain health state utility values are visual analogue
scales, standard gamble and time trade off.

It is evident that with the disability and pain
from an osteoporotic fracture, the utility of a fracture
state is lower than one’s current health state. A study
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conducted by Kanis et al in Sweden found the loss of
utility in the first year after vertebral fracture was 37%
compared with an individual with perfect health(83).
The location of the fracture, time since fracture and
presence of a previous fracture can also influence a
patient’s perception of their health state(83). The average
disutility was greatest in the case of hip fractures over
all ages, intermediate for vertebral fractures and lowest
for humeral fractures(83). Zethraeus et al found a 0.32
disutility (reduction in utility) in hospitalized spine
fracture patients and a 0.38 disutility in non-hospitalized
women who were suffering from a spine fracture(84). A
study conducted by Tosteson et al(85), discovered that
mean disutility was 0.18 among women with one or
more vertebral fractures and 0.37 among women with
hip fracture compared with 0.09 among those without
fracture.

Examination of quality of life in the osteo-
porosis literature has shown that in some situations
utility can be negative, which would mean patients
perceive a particular health state to be worse than death.
A survey of elderly women found that, if given a
choice, 80% would choose death over admission to a
long-term care facility(86). Women who had experienced
fractures within the past 5 years were willing to give
up 6-51% more of their remaining life years to attain
perfect health relative to non fracture women(87).

There has also been some research surround-
ing the impact of fears on quality of life in patients with
osteoporosis. The fear of residual disability, and the
increased risk of re-fracturing, can seriously jeopardize
the quality of life for individuals. Fear, anxiety and
depression are frequently reported in women with
established osteoporosis(88) and among community
dwelling elderly(89).

Recently, new instruments have been
developed specifically to measure the health related
quality of life (HRQL) impact of osteoporosis (e.g., Os-
teoporosis Patient Assessment Questionnaire [OPAQ];
QOL Questionnaire of the European Foundation for
Osteoporosis [QualEFFO]; Osteoporosis-Targeted QOL
Questionnaire [OPTQOL]; Osteoporosis Quality of
Life Questionnaire [OQLQ])(90-95). A number of these
disease-specific HRQL instruments have been
described in publications in terms of the development
and validation processes. Very few have been described
in the literature as a measurement tool in patients with
osteoporosis, with the exception of the Osteoporosis
Quality Life Questionnaire (OQLQ)(94). Adachi et al(94)

studied the effect of vertebral and non-vertebral
fractures on HRQL using the mini OQLQ in postmeno-

pausal women 50 years of age and older. Participants
were grouped according to incident fracture status:
those who experienced clinically recognized incident
vertebral fracture and those who sustained incident
non-vertebral fractures. Multiple regression analyses
revealed that participants who had experienced an
incident vertebral fracture had lower HRQL difference
scores as compared with non-fracture participants in
total scores (-0.86; 95% CI -1.30 to -0.43) including
physical functioning, emotional functioning and
activities of daily living. Similar results were seen for
non-vertebral fracture compared to non-fracture par-
ticipants in total scores (-0.47; 95% CI -0.70 to -0.25).

Authors’ discussion
In Thailand, although osteoporosis is not

yet considered to be the national health priority, the
disease prevalence and incidence is increasing due to
population aging. With the average life expectancy of
Thai females of 75 years, women are approaching the
risky decade of osteoporotic fractures. When looking
into the pragmatic number of the disease occurrence,
with almost 6.7 million Thai women over 50 years being
diagnosed of osteoporosis using the WHO’s criteria,
approximately 42,000 hip fractures occurs annually(96).
This can be estimated to the risk of an approximated
2.0% of hip fracture taking place yearly once osteo-
porosis being diagnosed(96,97) (based on the report
by Wainwright, et al. that 46% of fractured patients
having osteoporosis and 54% being non-osteoporotic
patients(98).

Though there are many guidelines and recom-
mendations issued from countries in the American and
European continents, it is inappropriate to adopt these
protocols to use as our national guideline without ap-
propriately modification. The authors need to consider
the real magnitude of problems on osteoporosis and
fractures, its health consequences and taking into
account Thai economic and social context. With
incomplete information on osteoporosis and its national
impact, the authors need to pay more attention to health
promotion to prevent osteoporosis and fracture by
educating the public to have a healthy lifestyle, avoiding
health risk behavior, to maximize peak bone mass and
slow bone loss during the climacteric. Fall prevention
program including safety landscape, balance training
and good visualization should be enthusiastically
encouraged. Regulated health measures enacted by
governmental health authority may be an effective
strategy to assure population health promotion
program by linking to health care coverage and
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reimbursement. Mass pharmaceutical intervention
should be cautiously considered to develop a cost-
effective treatment guideline that is relevant to national
socio-economic context.
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โรคกระดูกพรุน: มุมมองในภาพรวมของโรค ระบาดวิทยา การรักษา และเศรษฐศาสตร์สาธารณสุข

ฉัตรเลิศ  พงษ์ไชยกุล, ทวี  ทรงพัฒนาศิลป์, นิมิต  เตชไกรชนะ

โรคกระดูกพรุนเป็นโรคที่มีมวลกระดูกลดลง และโครงสร้างของกระดูกระดับจุลภาคผิดปกติ ส่งผลให้
ความแข็งแรงของกระดูกลดลง และเป็นสาเหตุของการเกิดกระดูกหัก เน่ืองจากในปัจจุบัน แนวโน้มของจำนวนผู้สูงอายุ
เพิ่มขึ้นอย่างรวดเร็ว ทำให้โรคกระดูกพรุนกำลังจะเป็นปัญหาทางสาธารณสุขที่สำคัญของประเทศในอนาคตอันใกล้
บทความนี้ได้นำเสนอมุมมองในภาพรวมของโรคกระดูกพรุน ปัจจัยเสี่ยงที่ทำให้เกิดโรคกระดูกพรุนและกระดูกหัก
การวินิจฉัยการรักษาโรคกระดูกพรุนในปัจจุบันและข้อมูลทางเศรษฐศาสตร์สาธารณสุข


