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Message From Tommy G. Thompson

Secretary of the U.S. Department of Health and Human Services

This first-ever Surgeon General’s Report on bone health and osteoporosis illustrates
the large burden that bone disease places on our Nation and its citizens. Like other
chronic diseases that disproportionately affect the elderly, the prevalence of bone
disease and fractures is projected to increase markedly as the population ages. If these
predictions come true, bone disease and fractures will have a tremendous negative
impact on the future well-being of Americans. But as this report makes clear, they
need not come true: by working together we can change the picture of aging in
America. Osteoporosis, fractures, and other chronic diseases no longer should be
thought of as an inevitable part of growing old. By focusing on prevention and lifestyle
changes, including physical activity and nutrition, as well as early diagnosis and
appropriate treatment, Americans can avoid much of the damaging impact of bone
disease and other chronic diseases.

In recognition of the importance of promoting bone health and preventing
fractures, President George W. Bush has declared 2002-2011 as the Decade of the
Bone and Joint. With this designation, the United States has joined with other nations
throughout the world in committing resources to accelerate progress in a variety of
areas related to the musculoskeletal system, including bone disease and arthritis.

As a part of its Healthy People 2010 initiative, the U.S. Department of Health
and Human Services (HHS) has developed an important goal for Americans—to
increase the quality and years of healthy life. Our hope is that Americans can live
long and live well. Unfortunately, fractures—the most common and devastating
consequence of bone disease—frequently make it difficult and sometimes impossible
for people to realize this goal.

HHS is committed to developing a wide array of creative and innovative
approaches that can help make the goal of living long and living well a reality for
Americans. Several programs of particular relevance to bone health include:

* The National Institutes of Health’s Osteoporosis and Related Bone Diseases
~ National Resource Center. The National Resource Center provides timely
information for health professionals, patients, and the public on osteoporosis,
Paget’s disease of bone, osteogenesis imperfecta, and other metabolic bone
diseases.

* The National Bone Health Campaign. Targeted at 9- to 12-year-old girls and
their parents, this campaign uses Web sites and other activities to promote
nutritional choices and physical activities that benefit bone health.



* Steps to a HealthierUS Initiative. HHS launched this initiative in 2003 to
advance the President’s goal of helping Americans live longer, better, and
healthier lives. At the heart of this program lies both personal responsibility
for the choices Americans make and social responsibility to ensure that
policymakers support programs that foster healthy behaviors and prevent
disease.

* VERB,, . It’s what you do. This national, multicultural, social marketing
campaign encourages young people ages 9-13 to be physically active every
day as a means of promoting overall health, including bone health.

This Surgeon General’s Report brings together for the first time the scientific
evidence related to the prevention, assessment, diagnosis, and treatment of bone
disease. More importantly, it provides a framework for moving forward. The
report will be another effective tool in educating Americans about how they can
promote bone health throughout their lives. I appreciate the efforts of Surgeon
General Richard H. Carmona and the many scientists and researchers who
contributed to the development of this report.



Preface

From the Surgeon General,
U.S. Department of Health and Human Services

As Surgeon General, my primary role is to provide the American people with the
best scientific information available on how to improve health and reduce the risk of
illness and injury. This first-ever Surgeon General’s Report on bone health and
osteoporosis provides much needed information on bone health, an often overlooked
aspect of physical health. This report follows in the tradition of previous Surgeon
Generals’ reports by identifying the relevant scientific data, rigorously evaluating
and summarizing the evidence, and determining conclusions.

A healthy skeletal system with strong bones is essential to overall health and quality
of life. Yet, today, far too many Americans suffer from bone disease and fractures,
much of which could be prevented. An estimated 10 million Americans over age 50
have osteoporosis (the most common bone disease), while another 34 million are at
risk. Each year an estimated 1.5 million people suffer an osteoporotic-related fracture,
an event that often leads to a downward spiral in physical and mental health. In fact,
20 percent of senior citizens who suffer a hip fracture die within 1 year. One out of
every two women over 50 will have an osteoporosis-related fracture in their lifetime,
with risk of fracture increasing with age. Due primarily to the aging of the population
and the previous lack of focus on bone health, the number of hip fractures in the
United States could double or even triple by the year 2020.

However, the evidence in this report is clear: Hope is not lost. Over the past
several decades, scientists have learned a significant amount about the prevention,
diagnosis, and treatment of bone disease. Our next and most critical step is to transfer
this knowledge from the research laboratories to the general population.

One of my priorities is to promote disease prevention by helping Americans take
actions to make themselves and their families healthier. The good news is that regarding
bone health, these steps are clear—with appropriate nutrition and physical activity
throughout life, individuals can significantly reduce the risk of bone disease and
fractures. Health professionals can also make significant improvements in our Nation’s
bone health by proactively assessing, diagnosing, and treating at-risk patients and
then helping them apply this scientific knowledge in their everyday lives.
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However, individuals and health professionals acting alone will not
make a long-term difference. This brings us to the primary message of this
report: A coordinated public health approach that brings together a variety
of public and private sector stakeholders in a collaborative effort is the
most promising strategy for improving the bone health of Americans. This
report calls for the development of a national action plan to achieve
improved bone health, and it highlights the unique and valuable perspectives
that key stakeholders can bring to this effort. While government ought to
be a part of the plan’s development, leadership must be shared among the
many public, private, nonprofit, academic, and scientific stakeholders.

Over the past 2 years, I have worked to improve the health literacy of
Americans; that is, to ensure that individuals can access, understand, and
use health-related information and services to make appropriate health
decisions. To that end, a short, easy-to-read companion piece to this report
has been developed. Available in English and Spanish, this People’s Piece
takes the best scientific information available in this report and provides
Americans with important, practical information on how they can improve
their own bone health.

I am encouraged by the participation of so many people and
organizations in developing this report, and I would like to thank them for
their willingness and eagerness to assist us in gathering the best scientific
information available. I am confident that their passion will be a catalyst
for action. Working together, we can take real steps to improve the bone
health status of Americans. Our reward for this effort will be to prove the
forecasters wrong—instead of seeing ever-increasing numbers of individuals
suffering from the agony of bone disease and fractures, we will see the day
when fewer and fewer Americans bear this burden.

Richard H. Carmona, M.D., M.P.H., FACS
Surgeon General
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Bone Health and Osteoporosis

Part One

WHAT IS BONE HEALTH?

This introductory part of the report explores the answer to this ques-
tion, defining bone health as a public health issue with an emphasis on
prevention and early intervention to promote strong bones and prevent
fractures and their consequences. The first chapter describes this public
health approach along with the rationale for the report and the charge
from Congress and from the Surgeon General.

Chapter 2 provides a brief overview of the fundamentals of bone biol-
ogy, helping the reader to understand why humans have bones, how bones
work, how bones change during life, what keeps bones healthy, what causes
bone disease, and what is in store in the future. It begins to outline the role
of genetic and environmental factors such as nutrition and physical activ-
ity in keeping bones healthy, an issue that is addressed in more detail later
in the report.

Chapter 3 offers a summary review of the more common diseases, dis-
orders, and conditions that both directly and indirectly affect bone. While
much of Chapter 3 focuses on osteoporosis (including other diseases and
medications that can cause it), it also covers other related bone diseases,
including rickets and osteomalacia, renal osteodystrophy, Paget’s disease
of bone, developmental skeletal disorders, and acquired skeletal disorders.

Both Chapters 2 and 3 should be considered as important scientific
background for the remainder of the report.

PART ONE: What Is Bone Health? 1
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Bone health is critically important to the
overall health and quality of life of Ameri-
cans. Healthy bones provide the body
with a frame that allows for mobility and
for protection against injury. Bones serve
as a storehouse for minerals that are vital
to the functioning of many other life-sus-
taining systems in the body. Unhealthy
bones, however, perform poorly in ex-
ecuting these functions and can lead to
debilitating fractures.

The bone health status of Americans ap-
pears to be in jeopardy, and left un-
checked it is only going to get worse as
the population ages. Each year an esti-
mated 1.5 million individuals suffer an
osteoporotic-related fracture.

Great improvements in the bone health
status of Americans can be made “sim-
ply” by applying in a timely manner that
which is already known about preven-
tion, assessment, detection, diagnosis, and
treatment.

There is a large gap between what has
been learned and what is applied by
American consumers and health care pro-
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Chapter 1: Key Messages

viders. The biggest problem is a lack of
awareness of bone disease among both
the public and health care professionals.
An area of particular concern relates to
serving ethnic and racial minorities and
other underserved populations, includ-
ing the uninsured, underinsured, and
those living in rural areas. Closing this
gap will not be possible without specific
strategies and programs geared toward
bringing improvements in bone health to
all currently underserved populations.
The area of bone health is ideally suited
to a public health approach to health
promotion. This Surgeon General’s re-
port is calling for Federal, State, and lo-
cal governments (including State and
local public health departments) to join
forces with the private sector and com-
munity organizations in a coordinated,
collaborative effort to promote bone
health. This type of approach can serve
as the primary vehicle for improving the
bone health status of Americans. Some
of the work has already begun, but
much more work remains.
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Chapter 1

A PUBLIC HEALTH APPROACH TO
PROMOTE BONE HEALTH

This first report of the Surgeon General on
bone health and osteoporosis, which was re-
quested by Congress, comes at a critical time.
Tremendous progress has been made in bone
health in the last several decades, particularly in
the past 15 years. Research has accelerated mark-
edly, enabling the medical community to develop
a much more detailed understanding of the fac-
tors that promote bone health and cause bone
disease and fractures. This enhanced level of
knowledge has led to significant advances in the
ability to prevent, assess risk factors for, diag-
nose, and treat bone disease.

Physical activity and calcium and vitamin D
intake are now known to be major contributors
to bone health for individuals of all ages. Even
though bone disease often strikes late in life, the
importance of beginning prevention at a very
young age and continuing it throughout life is
now well understood. Advances in knowledge
about risk factors have allowed work to begin
on tools that assess the potential for bone dis-
ease in an individual. These risk-factor assess-
ment tools help to identify high-risk individuals
in need of further evaluation. With respect to
diagnosis, the development of noninvasive tools
to measure bone density and bone mass has been
one of the most significant advances in the last
quarter century. As a result, it is now possible to

detect bone disease early and to identify those
at highest risk of fracture. Therapeutic advances
in bone disease have equaled if not surpassed
advances in the areas of prevention and diagno-
sis. Within the last 10-15 years, new classes of
drugs have been developed that, for the first time,
have been shown in large-scale trials to signifi-
cantly reduce the risk of fractures in individuals
with bone disease. Large-scale trials have also
confirmed the value of vitamin D and calcium
supplementation in reducing bone loss and the
risk of fractures in some populations.

Research has also led to a much better under-
standing of the role of secondary factors in the
development of bone disease, including use of cer-
tain medications and the presence of certain dis-
eases. For example, glucocorticoids are now known
to be a significant contributor to osteoporosis. As
aresult, interventions are available that help mini-
mize the risk of bone disease in those who need
these drugs. Similarly, much more is now under-
stood about a leading cause of fractures in the eld-
erly—falls in those who have weakened bones.
Enhanced knowledge about why people fall has
led to interventions that target the risk factors for
falls, such as avoiding or minimizing use of medi-
cations that cause dizziness, making environmen-
tal modifications in the home, and training to im-
prove strength and balance.

A Public Health Approach To Promote Bone Health 3
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In short, the last several decades represent
an era of great excitement and progress in the
tield of bone health. Thirty years ago, relatively
little was known or could be done about os-
teoporosis; both the disease and the fractures that
go along with it were thought of as an inevitable
part of old age. Today, however, advances in
scientific knowledge have ushered in a new era
in bone health, one in which bone diseases can
be prevented in the vast majority of individuals
and identified early and treated effectively in
those who do get them.

However, the tremendous potential offered
by this new era of bone health has yet to be-
come a reality. Bone diseases, including os-
teoporosis, Paget’s disease of the bone, osteogen-
esis imperfecta, rickets, osteomalacia, renal os-
teodystrophy, and hyperparathyroidism, remain
a major public health problem in this country.
They affect more than 10 million individuals
today, a figure that will rise significantly in the
decades ahead unless action is taken now. They
cause approximately 1.5 million fractures each
year, fractures that impose tremendous physi-
cal and emotional costs on those who suffer them
and their family members. They represent a sig-
nificant financial burden to both individuals and
society at large. Many of these costs are avoid-
able, since much is already known about how to
effectively prevent, diagnose, and treat bone dis-
ease throughout the life span. However, much
of what could be done to reduce this burden is
not being done today, largely due to a lack of
awareness of the problem and the failure to ap-
ply current knowledge. In fact, many in the pub-
lic and even the medical community believe that
osteoporosis is a natural consequence of aging
and that nothing can be done about it. This view
must be changed. The intent of this first-ever
report of the Surgeon General on bone health
and osteoporosis is to serve as a catalyst for the
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development of a public health approach to pro-
moting bone health. The central focus of this
effort is to alert individuals and the medical com-
munity to the meaning and importance of bone
health, including its impact on overall health and
well-being, and of the need to take action to en-
sure the timely prevention, assessment, diagno-
sis, and treatment of bone disease and fractures
throughout life.

This report comes at a very critical time. Like
many nations, the United States faces the pros-
pect of an aging population and with it the ex-
pectation that the burden of chronic diseases,
including osteoporosis, will increase. In fact, with-
out concerted action to address this issue, it is
estimated that in 2020 one in two Americans over
age of 50 will have, or be at high risk of develop-
ing, osteoporosis. If these predictions come true,
they will have a devastating impact on the well-
being of Americans as they age. In fact, a major
theme of this report is that bone health is criti-
cally important to the overall health and quality
of life of Americans. Healthy bones provide the
body with a frame that allows for mobility and
for protection against injury. Bones also serve as
a storehouse for minerals that are vital to the
functioning of many other life-sustaining sys-
tems in the body. Unhealthy bones, however,
perform poorly in executing these functions.
They also lead to fractures, which are by far
the most important consequence of poor bone
health since they can result in disability, di-
minished function, loss of independence, and
premature death.

In recognition of the importance of promot-
ing bone health and preventing fractures, the
President has declared 2002—-2011 as the Decade
of the Bone and Joint. With this designation, the
United States has joined with other nations
throughout the world in committing resources
to accelerate progress in a variety of areas related



to the musculoskeletal system, including bone
disease and arthritis. As a part of its Healthy
People 2010 initiative, the U.S. Department of
Health and Human Services (HHS) has devel-
oped two overarching goals that are highly rel-
evant to bone health and osteoporosis. The first
goal is increased quality and years of healthy life.
In other words, the hope is that Americans can
live long and live well. As life expectancy has
increased, attention has turned to living
healthfully throughout life. Fractures, the most
common and devastating consequence of bone
disease, frequently make it difficult, if not im-
possible, for elderly individuals to continue to
live well. The second goal is to eliminate health
disparities across different segments of the popu-
lation. In addition, the President has launched
the HealthierUS initiative and, as a part of this
effort, HHS has implemented Steps to a
HealthierUS, both of which emphasize the im-
portance of physical activity and a nutritious diet.
This Surgeon General’s Report fits into these
larger efforts to highlight the importance of the
musculoskeletal system to the health status of
Americans and to provide individuals, clinicians,
public health officials, policymakers, and other
stakeholders with the information and tools they
need to improve bone health in all Americans.

The Magnitude of the Problem

Realizing the vision of a “bone-healthy”
America will be challenging, given the magni-
tude of the problem. The bone health status of
Americans appears to be in jeopardy, a fact that
represents another key theme of this report. Frac-
tures due to bone disease are common, costly,
and often become a chronic burden on individu-
als and society. An estimated 1.5 million indi-
viduals suffer a bone disease-related fracture
each year (Riggs and Melton 1995, Chrischilles
et al. 1991). However, this figure significantly
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understates the true impact of bone disease, be-
cause it captures the problem at a point in time.
The impact of bone disease is more appropriately
evaluated over a lifetime. Four out of every 10
White women age 50 or older in the United States
will experience a hip, spine, or wrist fracture
sometime during the remainder of their lives; 13
percent of White men in this country will suffer
a similar fate (Cummings and Melton 2002).
While the lifetime risk for men and non-White
women is less across all fracture types, it is none-
theless substantial, and may be rising in certain
populations, such as Hispanic women
(Zingmond et al. 2004).

Fractures can have devastating consequences
for both the individuals who suffer them and
their family members. For example, hip fractures
are associated with increased risk of mortality.
The risk of mortality is 2.8—4 times greater among
hip fracture patients during the first 3 months
after the fracture, as compared to the comparable
risk among individuals of similar age who live in
the community and do not suffer a fracture.
Those who are in poor health or living in a nurs-
ing home at the time of fracture are particularly
vulnerable (Leibson et al. 2002, Richmond et al.
2003). For those who do survive, these fractures
often precipitate a downward spiral in physical
and mental health that dramatically impairs qual-
ity of life. Nearly one in five hip fracture pa-
tients, for example, ends up in a nursing home,
a situation that a majority of participants in one
study compared unfavorably to death (Salkeld
et al. 2000). Many fracture victims become iso-
lated and depressed, as the fear of falls and addi-
tional fractures paralyzes them. Spine fractures,
which are not as easily diagnosed and treated as
are fractures at other sites, can become a source
of chronic pain as well as disfigurement.

Osteoporosis is the most important underly-
ing cause of fractures in the elderly. Although

A Public Health Approach To Promote Bone Health 5
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osteoporosis can be defined as low bone mass
leading to structural fragility, it is difficult to
determine the extent of the condition described
in these qualitative terms. Using the World
Health Organization’s quantitative definition
based on bone density measurement, there are
roughly 10 million Americans over age 50 with
osteoporosis and an additional 34 million with
low bone mass or “osteopenia” of the hip,
which puts them at risk for osteoporosis, frac-
tures, and their potential complications later
in life (NOF 2002).

Left unchecked, the bone health status of
Americans is only going to get worse, due pri-
marily to the aging of the population. In fact,
the prevalence of osteoporosis and osteoporotic-
related fractures will increase significantly un-
less the underlying bone health status of Ameri-
cans is significantly improved. By 2010, roughly
12 million individuals over age 50 are expected
to have osteoporosis and another 40 million to
have low bone mass. By 2020, those figures are
expected to jump to 14 million cases of osteoporo-
sis and over 47 million cases of low bone mass
(NOF 2002). These demographic changes could
cause the number of hip fractures in the United
States to double or triple by 2040 (Schneider
and Guralnik 1990).

While much less is known about the prevalence
and treatment of other bone diseases, they too can
have a severe impact on the health and well-being
of those who suffer from them, especially if they
are not diagnosed and treated in a timely manner.
Many of the drugs that are used for osteoporosis
are also effective as treatments for other bone dis-
eases. While these diseases cannot be prevented,
treatment can reduce levels of deformity and suf-
tering. Further research on osteoporosis is likely to
yield additional improvements in the treatment of
these diseases, and may even yield insights into
how they can be prevented.

6 Chapter 1

Not surprisingly, bone disease takes a sig-
nificant financial toll on society and individuals
who suffer from it. The direct care expenditures
for osteoporotic fractures alone range from $12.2—
$17.9 billion each year, measured in 2002 dol-
lars (Tosteson and Hammond 2002). Adding in
the direct costs of caring for other bone diseases
as well as the indirect costs (e.g., lost productiv-
ity for patients and family members) would
likely add billions of additional dollars to this tab.

The Challenge

Much of this considerable burden can be pre-
vented. There is no question that significant gaps
in knowledge (and hence research needs) remain.
However, another important theme of this report
is that great improvements in the bone health sta-
tus of Americans can be made by applying what
is already known about early prevention, assess-
ment, diagnosis, and treatment. In fact, the evi-
dence clearly suggests that individuals can do a
great deal to promote their own bone health. Pre-
vention of bone disease begins at birth and is a
lifelong challenge. By choosing to engage in regu-
lar physical activity, to follow a bone-healthy diet,
and to avoid behaviors such as smoking that can
damage bone, individuals can improve their bone
health throughout life. Health care professionals
can play a critical role in supporting individuals
in making these choices and in identifying and
treating high-risk individuals and those who have
bone disease.

As noted earlier, the importance of achiev-
ing adequate levels of physical activity and cal-
cium and vitamin D intake is now known, as is
the need to begin prevention at a very young
age and continue it throughout life. It is never
too late for prevention, as even older individuals
with poor bone health can improve their bone
health status through appropriate exercise and
calcium and vitamin D intake. Much is also



known about how to ensure timely diagnosis of
bone disease. Thanks to the development of bone
mineral density (BMD) testing, fractures need
not be the first sign of poor bone health. It is
now possible to detect osteoporosis early and to
intervene before a fracture occurs. Promising
new approaches to assessment and screening will
likely provide an even better understanding of
the early warning signs of bone disease in the
tuture. On the treatment front, a variety of drugs
have been developed that improve bone health
and reduce the incidence of fractures. New and
potentially more effective drugs are currently
under development. There are effective treat-
ments not only for osteoporosis, but also for other
bone diseases such as Paget’s disease, hyperpar-
athyroidism, rickets, and osteomalacia. There are
also promising new directions for the treatment
of osteogenesis imperfecta.

However, too little of what has been learned
thus far about bone health has been applied in
practice. As a result, the bone health status of
Americans is poorer than it should be. Perhaps
the biggest problem is a lack of awareness of bone
disease among both the public and health care
professionals, many of whom do not understand
the magnitude of the problem, let alone the ways
in which bone disease can be prevented and
treated.

Relatively few individuals follow the recom-
mendations related to the amounts of physical
activity, calcium, and vitamin D that are needed
to maintain bone health. National surveys sug-
gest that the average calcium intake of individu-
als is far below the levels recommended for opti-
mal bone health (Wright et al. 2003.). Measure-
ments of vitamin D in nursing home residents,
hospitalized patients, and adults with hip frac-
tures suggest a high prevalence of insufficiency
(Webb et al.1990, LeBoff et al. 1999, Thomas et
al. 1998). Many Americans do not engage regu-
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larly in leisure-time physical activity. As shown
in Chapter 6, the participation by both adult men
and women declines with age, with women be-
ing consistently less active than men (Schiller et
al. 2004). In addition, only half those 12-21 years
old exercise vigorously on a regular basis and 25
percent report no exercise at all (Gordon-Larsen
et al. 1999).

Health care professionals can do a better job
as well. Studies show that physicians frequently
fail to diagnose and treat osteoporosis, even in
elderly patients who have suffered a fracture
(Solomon et al. 2003, Andrade et al. 2003,
Kiebzak et al. 2002, Kamel et al. 2000, Feldstein
et al. 2003). For example, in a recent study of
four well-established Midwestern health systems,
only one-eighth to a quarter of patients who had
a hip fracture were tested for their bone density;
fewer than a quarter were given calcium and vi-
tamin D supplements; and fewer than one-tenth
were treated with effective antiresorptive drugs
(Harrington et al. 2002). Other studies have found
low usage rates for testing and treatment among
the high-risk population, including BMD testing
(which ranged from 3-23 percent), calcium and
vitamin D supplementation (11-44 percent), and
antiresorptive therapy (12-16 percent) (Morris
et al. 2004, Smith et al. 2001). In fact, most phy-
sicians do not even discuss osteoporosis with their
patients, even after a fracture (Pal 1999). Finally,
even when physicians do suggest therapy it of-
ten does not conform with recommended prac-
tice; for example, many patients with low BMD
are not treated while others with high BMD are
(Solomon et al. 2000).

Managed care organizations and other insur-
ers that provide coverage to individuals under
age 65 may not see the full impact of bone dis-
ease in their enrollees, since most will have moved
on to Medicare by the time they suffer a frac-
ture. Therefore, the commercial providers may

A Public Health Approach To Promote Bone Health 7



A Report of the Surgeon General

not pay sufficient attention to bone health and
to the preventive strategies available to and suit-
able for younger people.

In short, therefore, the gap between clinical
knowledge and its application in the community
remains large and needs to be closed, a fact that
represents another key theme of this report. Of
particular concern is the fact that some popula-
tions suffer additional barriers in trying to achieve
optimal bone health. Overcoming these barriers
will not be possible without specific strategies and
programs geared towards bringing improvements
in bone health to these populations.

Some of the most important barriers relate
to men and racial and ethnic minorities. Os-
teoporosis and fragility fractures are often mis-
takenly viewed by both the public and health
care practitioners as only being a problem for
older White women. This commonly held but
incorrect view may delay prevention and even
treatment in men and minority women who are
not seen as being at risk for osteoporosis. While
arelatively small percentage of the total number
of people affected, these populations still repre-
sent millions of Americans who are suffering the
debilitating effects of bone disease.

For the poor (especially the low-income eld-
erly population), individuals with disabilities,
individuals living in rural areas, and other
underserved populations, timely access to care
represents an additional important barrier. Poor
access to care may be caused by any number of
factors, such as limited knowledge about bone
health; a lack of available providers; inadequate
income or insurance coverage; the high costs of
diagnosis and treatment; a lack of transportation;
or the inability to take time off from work to at-
tend to personal or family care needs. Whatever
the causes, the goal of better bone health for all
Americans cannot be reached without greater
efforts to educate underserved populations about
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bone health and without significant improve-
ments in their access to appropriate preventive
services and counseling, screening, diagnosis,
and treatment. Today these underserved popu-
lations rely on an unorganized patchwork of pro-
viders (e.g., emergency rooms) that are ill-
equipped to provide or even facilitate the coor-
dinated, ongoing preventive and treatment ser-
vices that are needed to maintain bone health
and overall health and well-being.
Underserved populations not only have dif-
ticulty in accessing care, but there are also con-
cerns about the quality of those services they do
receive. A recent study by the Institute of Medi-
cine concluded that racial and ethnic minorities
tend to receive lower-quality health care than
does the majority population, even after account-
ing for access-related factors (Smedley et al.
2003). These disparities are consistent across a
wide range of services, including those critical
to bone health. Moreover, in a large study of
older adults who had suffered a hip or wrist frac-
ture, certain groups of patients—including men,
older persons, non-Whites, and those with co-
morbid conditions—were less likely than White
women to receive treatment for their bone dis-
ease after their fractures (Solomon et al. 2003).

The Opportunity

This Surgeon General’s Report looks upon
the Nation’s at-risk bone status as an opportu-
nity to do better rather than as an intractable
problem. A variety of factors make bone health
an ideal candidate for a public health approach.
These factors include: a) the prospects of declin-
ing bone health status due to an aging popula-
tion; b) the significant gap between what we
know and what we apply; c) the need for early
prevention of an often “silent” disease; d) the fact
that most bone disease does not strike until
people are on Medicare; and e) the lack of sys-



tematic evaluation of the prevalence and impact
of bone disease. This Surgeon General’s Report
is calling for Federal, State, and local govern-
ments (including State and local public health
departments) to join forces with the private sec-
tor and community organizations in a coordi-
nated effort to promote bone health and prevent
disease. This type of approach can serve as the
primary vehicle for improving the bone health
status of Americans. To be successful it must
involve all stakeholders—individual citizens;
volunteer health organizations; health care pro-
fessionals; community organizations; private in-
dustry; and government—and must emphasize
policies and programs that promote the dissemi-
nation of best practices for prevention, screen-
ing, and treatment for all Americans.

Some of the work on this public health ap-
proach has already begun. The aforementioned
Healthy People 2010 initiative lays out 467 spe-
cific objectives in 28 different areas of health to
be achieved during the first decade of the 21st
century. Included in these objectives are targets
for reducing the number of individuals with os-
teoporosis and the number of hip fractures, along
with increasing levels of calcium intake and
physical activity. (See Table 1-1 for more infor-
mation on those Healthy People 2010 goals that
relate to osteoporosis and bone health.)

One of the purposes of this Surgeon
General’s Report is to build support at many lev-
els to include current Healthy People 2010 ob-
jectives in health agendas and activities at the
Federal, State, and local levels. Developing data
systems to track progress on these objectives will
be critical to achieving improvements in bone
health status. Going forward, it is anticipated
that the number of objectives related to os-
teoporosis and bone health will increase when
Healthy People 2020 objectives are developed,
and that existing measures will be refined as our
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understanding of the science and our data col-
lection and measurement systems improve.

The Charge

Recognizing that bone health can have a sig-
nificant impact on the overall health and well-
being of Americans, Congress instructed that this
report cover a range of important issues related
to improving bone health, including: challenges
in the diagnosis and treatment of osteoporosis and
related bone diseases; the impact of these diseases
on minority populations; promising prevention
strategies; how to improve health provider edu-
cation and promote public awareness; and ways
to enhance access to key health services. (See
Appendix A for more details.)

To initiate the development of the report, an
interagency work group was convened by the
Surgeon General with staff representatives from
the National Institutes of Health (NIH), the
Centers for Disease Control and Prevention
(CDC), the Food and Drug Administration
(FDA), the Health Resources and Services Ad-
ministration (HRSA), the Agency for
Healthcare Research and Quality (AHRQ), the
Administration on Aging, the Centers for Medi-
care and Medicaid Services (CMS), the Office
of Disease Prevention and Health Promotion,
the Office on Women’s Health, the Office on
Minority Health, the President’s Council on
Physical Fitness and Sports, the Regional Health
Administrators, and the U.S. Department of
Agriculture.

As a second step, a Surgeon General’s Work-
shop was convened in December 2002 that
brought together a wide range of researchers,
public health experts, and patient representatives
to discuss key areas that should be addressed in
the report. Prior to the workshop, public com-
ments on what the priorities for the report should
be were solicited through the Surgeon General’s

A Public Health Approach To Promote Bone Health 9
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Table 1-1.  Healthy People 2010 Osteoporosis and
Bone Health Objectives
Healthy People 2010  Healthy People .
Objective Number 2010 Objective 1998 Baseline 2010 Target
Objective 2.9 Reduce cases of 10 percent of adults aged 50 8 percent
osteoporosis years and older had osteoporosis
as measured by low total femur
bone mineral density (BMD) in
1988-94 (age adjusted to the
year 2000 standard population).
Objective 2.10 Reduce 17.5 hospitalizations per 10,000 14.0
hospitalizations adults aged 65 years and older hospitalizations
for vertebral were for vertebral fractures per 10,000

fracture associated with osteoporosis in adults aged 65
1998 (age adjusted to the year years and older
2000 standard population).
Objective 15.28 Reduce hip
ractures

15-28a Females aged 65 1,055.8 per 100,000 416 per 100,000
years and older
15-28b Males aged 65 592.7 per 100,000 474 per 100,000

years and older

Objective 19.11

Increase calcium
intake

46 percent of persons aged 2
years and older were at or
above approximated mean
calcium requirements (based

on consideration of calcium
from foods, dietary supplements,
and antacids) in 1988-94 (age
adjusted to the year 2000
standard population).

75 percent

Objectives
22.1-22.15

Increase physical
activity (there are
15 objectives for
increasing
physical activity)

Data Source 2.9 - National Health and Nutrition Examination Surve

Data Source 2.10 - National Hospital Discharge Survey (NHDS), CDC, NCHS
Data Source 15.28 - National Hospital Discharge Survey (NHDS), CDC, NCHS
Data Source 19.11 - National Health and Nutrition Examination Survey (NHANES), CDC, NCHS

Source: USDHHS 2000.

(NHANES), CDC, NCHS
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Web site. Following the workshop, a summary
of its key findings was released by the Surgeon
General (Report 2003).

This report includes contributions from more
than 50 authors across the country, while over
100 experts provided valuable guidance and in-
sights in their reviews of initial drafts.

This report is intended to be a catalyst
for the advancement of research in bone
health, and for accelerating the translation of
existing evidence on how to improve bone
health status into everyday practice. The net
result should be an improvement in the bone
health status of Americans.

Evidence Base for the Report

This report is based on a review of the
published scientific literature. The scope of
the review encompassed studies written in
English from throughout the world. The
quality of the evidence, based on study de-
sign and its rigor, was considered as a part of
this review. All studies used in the report are
referenced in the text, with full citations at
the conclusion of each chapter.

This report does not offer any new standards
or guidelines for the prevention, diagnosis, or
treatment of bone disease. Rather, it summarizes
knowledge that is already known and can be
acted upon.

The clinical literature in bone disease includes
the full range of studies, from randomized con-
trolled trials to case studies. Comprehensive re-
views of the literature have been used for Chap-
ters 2 through 9, and Chapter 11. Chapter 10,
which is an attempt to summarize key, action-
able findings for busy health care professionals,
contains few references, as it largely draws on find-
ings cited elsewhere in the report. Chapter 12
draws on both published studies and case studies
of population-based initiatives in bone health,
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which were selected in order to highlight particu-
lar lessons about such approaches. Additional in-
formation on the various kinds of evidence and
studies that were used in preparing this report
can be found in Appendix B, entitled, “How We
Know What We Know: The Evidence Behind
the Evidence.”

Experts in their respective fields of bone
health contributed to this report. Each chapter was
prepared under the guidance of a coordinating
author for that chapter. Independent, expert peer
review was conducted for all chapters. The full
manuscript was reviewed by a number of senior
reviewers as well as the relevant Federal agencies.
All who contributed are listed in the Acknowl-
edgments section of the report.

Organization of the Report

This report attempts to answer five major
questions for a wide variety of stakeholders, in-
cluding policymakers; national, State, and local
public health officials; health system leaders;
health care professionals; community advocates;
and individuals. The report is organized around
each of these five questions. The first section
strives to define bone health and bone disease in
terms that the public can understand. The sec-
ond section reviews today’s less-than-optimal
bone health status and documents the magnitude
of the problem facing the Nation. The third,
fourth, and fifth sections of the report tackle the
issue of what can be done to improve bone
health—first from the perspective of the indi-
vidual, then from the perspective of the health
care professional, and finally from the perspec-
tive of the larger health system. The final section
lays out a vision for the future.

Part One: What Is Bone Health?

This introductory part of the report defines
bone health as a public health issue with an em-
phasis on prevention and early intervention to

A Public Health Approach To Promote Bone Health 11
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promote strong bones and prevent fractures and
their consequences. This first chapter describes
this public health approach along with the ratio-
nale for the report and the charge from Congress
and from the Surgeon General. Chapter 2 pro-
vides a brief overview of the fundamentals of
bone biology, helping the reader to understand
why humans have bones; how bones work; how
bones change during life; what keeps bones
healthy; what causes bone disease; and what is
in store in the future. Chapter 3 offers a sum-
mary review of the more common diseases, dis-
orders, and conditions that both directly and in-
directly affect bone. While much of Chapter 3
focuses on osteoporosis (including other diseases
and medications that can cause it), it also covers
other bone diseases, including rickets and osteo-
malacia, renal osteodystrophy, Paget’s disease of
bone, developmental skeletal disorders, and ac-
quired skeletal disorders. Both Chapters 2 and 3
should be considered as important scientific back-
ground for the remainder of the report.

Part Two: What Is the Status of Bone Health
in America?

This part of the report describes the magni-
tude and scope of the problem from two per-
spectives. The first is the prevalence of bone dis-
ease within the population at large, and the sec-
ond is the burden that bone diseases impose on
society and those who suffer from them. Chap-
ter 4 provides detailed information on the inci-
dence and prevalence of osteoporosis, fractures,
and other bone diseases. Where available, it also
provides data on bone disease in men and mi-
norities and offers projections for the future.
Chapter 5 examines the costs of bone diseases
and their effects on well-being and quality of life,
both from the point of view of the individual
patient and society at large. It includes some real-
life vignettes that highlight the impact that os-
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teoporosis, Paget’s disease, osteogenesis
imperfecta, and other related bone diseases can
have on those who suffer from them and their
family members.

Part Three: What Can Individuals Do To
Improve Their Bone Health?

This part of the report examines factors that
determine bone health and describes lifestyle
approaches that individuals can take to improve
their personal bone health. Chapter 6 provides a
thorough review of the evidence on how nutri-
tion, physical activity, and other factors influ-
ence bone health, including those behaviors that
promote it (e.g., physical activity, adequate cal-
cium intake) and those that can impair it (e.g.,
smoking). Chapter 7 provides practical, real-
world guidance on lifestyle approaches that in-
dividuals can take to improve their own bone
health, including the following: what foods are
the best sources of calcium and vitamin D; how
to calculate daily calcium intake; when calcium
and/or vitamin D supplementation should be
considered; and what types of physical activity
can contribute to bone health and overall health.

Part Four: What Can Health Care
Professionals Do To Promote Bone Health?
This part of the report describes what health
care professionals can do with their patients to
promote bone health. Chapter 8 examines the
potential risk factors for bone disease; highlights
red flags that signal the need for further assess-
ment; reviews the use of formal assessment tools
to determine who should get a bone density test;
and provides detailed information on how to use
BMD for both assessment and monitoring pur-
poses. The chapter also provides a glimpse into
the future of bone disease assessment and diag-
nosis. It includes real-life vignettes that highlight
the need for the medical profession to become



aware of the potential for severe osteoporosis to
develop in younger men and women. Chapter 9
focuses on preventive and therapeutic measures
for those who have or are at risk for bone disease.
It reviews a “pyramid approach” to treating bone
diseases and to preventing falls and fractures, with
maintenance of bone health through calcium, vi-
tamin D, physical activity, and fall prevention
representing the base of the pyramid for all indi-
viduals, including those with bone disease. The
second level of the pyramid relates to addressing
and treating secondary causes of osteoporosis.
The third level of the pyramid is pharmaco-
therapy. The chapter describes currently avail-
able anti-resorptive, anabolic therapies and hor-
mone therapies and offers a glimpse into future
directions for pharmacologic treatment of os-
teoporosis. The chapter also reviews the treatment
and rehabilitation of osteoporotic fractures and
highlights treatment options for other bone dis-
eases. Chapter 10 “puts it all together” for health
care professionals by translating the research into
practical advice for preventing, diagnosing, and
treating bone disease in patients of all ages. Key
symptoms of major metabolic bone diseases are
identified, as are red flags that signal a need for
further intervention.

Part Five: What Can Health Systems and
Population-Based Approaches Do To Promote
Bone Health?

This part of the report examines how health
systems and population-based approaches can
promote bone health. Chapter 11 looks at the
key systems-level issues and decisions that affect
bone health care, including evidence-based
medicine; clinical practice guidelines; training
and education of health care professionals; quality
assurance; coverage policies; and disparities in
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prevention and treatment. It also evaluates the
key roles of various stakeholders in promoting a
more systems-based approach to bone health
care, including individual clinicians; medical
groups; health plans and other insurers; public
health departments; and other stakeholders.
Chapter 12 describes the various potential
components of population-based approaches at
the local, State, and Federal levels to promote
bone health and reviews the evidence supporting
their use. This chapter also includes several
detailed profiles of innovative and/or effective
population-based programs, each of which was
selected to illustrate an important concept in
population-based health. Chapter 12 also draws
lessons for bone health from population-based
approaches that have been used in other areas
of health, such as the National Cholesterol
Education Program, to reduce cholesterol levels
in Americans.

Part Six: Challenges and Opportunities:
A Vision for the Future

The final part summarizes the key themes of
the report, highlights those opportunities that
have been identified for promoting bone health,
and lays out a vision for how these opportunities
can be realized so that bone health can be im-
proved today and far into the future. The key to
success will be for public and private stakehold-
ers—including individual consumers; voluntary
health organizations and professional associa-
tions; health care professionals; health systems;
academic medical centers; researchers; health
plans and insurers; public health departments;
and all levels of government—to join forces in
developing a collaborative approach to promot-
ing timely prevention, assessment, diagnosis, and
treatment of bone disease throughout life.

A Public Health Approach To Promote Bone Health 13
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Chapter 2: Key Messages
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The bony skeleton is a remarkable organ
that serves both a structural function, pro-
viding mobility, support, and protection for
the body, and a reservoir function, as the
storehouse for essential minerals.

During childhood and adolescence
bones are sculpted by a process called
modeling, which allows for the forma-
tion of new bone at one site and the re-
moval of old bone from another site
within the same bone. This process al-
lows individual bones to grow in size
and to shift in space.

Much of the cellular activity in a bone con-
sists of removal and replacement at the
same site, a process called remodeling. The
remodeling process occurs throughout life
and becomes dominant by the time that
bone reaches its peak mass (typically by
the early 20s). Remodeling continues
throughout life so that most of the adult
skeleton is replaced about every 10 years.
Both genes and the environment con-
tribute to bone health. Some elements
of bone health are determined largely
by genes, and errors in signaling by
these genes can result in birth defects.
External factors, such as diet and physi-
cal activity, are critically important to
bone health throughout life, and these
factors can be modified.

Chapter 2

The growth of the skeleton, its response
to mechanical forces, and its role as a min-
eral storehouse are all dependent on the
proper functioning of a number of sys-
temic or circulating hormones that re-
spond to changes in blood calcium and
phosphorus. If calcium or phosphorus
are in short supply, the regulating hor-
mones take them out of the bone to serve
vital functions in other systems of the
body. Too many withdrawals can
weaken the bone.

Many things can interfere with the de-
velopment of a strong and healthy skel-
eton. Geenetic abnormalities can produce
weak, thin bones, or bones that are too
dense. Nutritional deficiencies can result
in the formation of weak, poorly miner-
alized bone. Many hormonal disorders
can also affect the skeleton. Lack of exer-
cise, immobilization, and smoking can
also have negative effects on bone mass
and strength.

Osteoporosis, the most common bone
disease, typically does not manifest un-
til late in life, when bone loss begins due
to bone breakdown and decreased lev-
els of bone formation. Loss of bone mass
leads to the development of structural
abnormalities that make the skeleton
more fragile.
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Chapter 2

THE BASICS OF BONE IN
HEALTH AND DISEASE

The purpose of this chapter is to provide an
overview of bone biology that will help the reader
to understand:

e why humans have bones;
how bones work;
how bones change during life;
what keeps bones healthy;
what causes bone disease, including the
most common form, osteoporosis; and

e the future of bone biology and what it

means for preventing and treating
bone disease.

While dealing with a subject that is highly
technical in nature, this chapter attempts to ex-
plain bone biology in terms that a lay person can
generally understand. It is intended to provide
the reader with the background needed to un-
derstand the basis for some of the preventive, di-
agnostic, and treatment approaches related to
bone disease that are discussed in detail later in
this report. Those interested in a more detailed
review of bone biology and bone disease can con-
sult any of a number of recent texts (Bilezikian et
al. 2001, Marcus et al. 2001, Favus 2003).

Why Do We Have Bones?

The bony skeleton is a remarkable organ that
serves both a structural function—providing
mobility, support, and protection for the body—
and a reservoir function, as the storehouse for

essential minerals. It is not a static organ, but is
constantly changing to better carry out its func-
tions. The development of the bony skeleton
likely began many eons ago, when animals left
the calcium-rich ocean, first to live in fresh wa-
ter where calcium was in short supply, and then
on dry land where weight bearing put much
greater stress on the skeleton. The architecture
of the skeleton is remarkably adapted to provide
adequate strength and mobility so that bones do
not break when subjected to substantial impact,
even the loads placed on bone during vigorous
physical activity. The shape or structure of bone
is at least as important as its mass in providing
this strength.

The skeleton is also a storehouse for two min-
erals, calcium and phosphorus, that are essential
for the functioning of other body systems, and
this storehouse must be called upon in times of
need. The maintenance of a constant level of
calcium in the blood as well as an adequate sup-
ply of calcium and phosphorus in cells is critical
for the function of all body organs, but particu-
larly for the nerves and muscle. Therefore, a
complex system of regulatory hormones has de-
veloped that helps to maintain adequate supplies
of these minerals in a variety of situations. These
hormones act not only on bone but on other tis-
sues, such as the intestine and the kidney, to
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regulate the supply of these elements. Thus one
reason that bone health is difficult to maintain is
that the skeleton is simultaneously serving two
different functions that are in competition with
each other. First, bone must be responsive to
changes in mechanical loading or weight bearing,
both of which require strong bones that have
ample supplies of calcium and phosphorus. When
these elements are in short supply the regulating
hormones take them out of the bone to serve vital
functions in other systems of the body. Thus the
skeleton can be likened to a bank where we can
deposit calcium or phosphorus and then withdraw
them later in times of need. However, too many
withdrawals weaken the bone and can lead to the
most common bone disorder, fractures.

Both the amount of bone and its architecture
or shape are determined by the mechanical forces
that act on the skeleton. Much of this is deter-
mined genetically so that each species, including
humans, has a skeleton that is adapted to its func-
tions. However, there can be great variation within
a species, so that some individuals will have strong
bones and others will have weak bones, largely
because of differences in their genes (Huang et
al. 2003). Moreover, bone mass and architecture
are further modified throughout life as these func-
tions and the mechanical forces required to fulfill
them change. In other words, bones will weaken
if they are not subjected to adequate amounts of
loading and weight bearing for sufficient periods
of time. If they are not (such as in the weightless
condition of space travel), rapid bone loss can oc-
cur. In other words, as with muscle, it is “use it or
lose it” with bone as well. Conversely, the amount
and architecture of the bones can be improved
by mechanical loading. However, as described in
Chapter 6, some types of exercise may be better
than others in strengthening the skeleton.

18 Chapter 2

To respond to its dual roles of support and
regulation of calcium and phosphorus, as well
as to repair any damage to the skeleton, bone is
constantly changing. Old bone breaks down and
new bone is formed on a continuous basis. In
fact, the tissue of the skeleton is replaced many
times during life. This requires an exquisitely
controlled regulatory system that involves spe-
cialized cells that communicate with each other.
These cells must respond to many different sig-
nals, both internal and external, mechanical and
hormonal, and systemic (atfecting the whole skel-
eton) and local (affecting only a small region of
the skeleton). It is not surprising that with so
many different tasks to perform and so many
different factors regulating how the skeleton
grows, adapts, and responds to changing de-
mands, there are many ways that these processes
can go astray.

How Bones Work

Bone is a composite material, consisting of
crystals of mineral bound to protein. This pro-
vides both strength and resilience so that the
skeleton can absorb impact without breaking. A
structure made only of mineral would be more
brittle and break more easily, while a structure
made only of protein would be soft and bend
too easily. The mineral phase of bone consists of
small crystals containing calcium and phosphate,
called hydroxyapatite. This mineral is bound in
an orderly manner to a matrix that is made up
largely of a single protein, collagen. Collagen is
made by bone cells and assembled as long thin
rods containing three intertwined protein chains,
which are then assembled into larger fibers that
are strengthened by chemical connections be-
tween them. Other proteins in bone can help to
strengthen the collagen matrix even further and
to regulate its ability to bind mineral. Very small



changes in the shape of the bone can act on the
cells inside bone (the osteocytes), which produce
chemical signals that allow the skeleton to re-
spond to changes in mechanical loading. Abnor-
malities in the collagen scaffold can occur as a
result of a genetic disorder called osteogenesis
imperfecta, while the failure of mineral deposi-
tion can be the result of rickets and osteomala-
cia, conditions that result in marked weakening
of the skeleton (see below and Chapter 3).

To provide the body with a frame that is
both light and strong, bones are hollow. The
outer dense shell is called cortical bone, which
makes up roughly three-quarters of the total skel-
etal mass. Inside the cortical shell is a fine net-
work of connecting plates and rods called trabe-
cular bone that makes up the remaining 25 per-
cent (Figure 2-1). Most bones are hollow struc-
tures in which the outer cortical bone shell de-
tines the shape of the bone. This cortical shell is
essential because it provides strength, sites for
firm attachment of the tendons, and muscles and
protection without excessive weight. The inner
trabecular network has two important functions.
It provides a large bone surface for mineral ex-
change. In addition, trabecular bone helps to
maintain skeletal strength and integrity, as it is
particularly abundant in the spine and at the ends
of the long bones, sites that are under continu-
ous stress from motion and weight-bearing. Frac-
tures are common at these sites when the bone
is weakened (Kontulainen, Sievanen et al. 2003).
The rods and plates of trabecular bone are
aligned in a pattern that provides maximal
strength without too much bulk, much in the
way that architects and engineers design build-
ings and bridges. The shape and size of both
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cortical and trabecular bone can respond to dif-
terent kinds of stress produced by physical ac-
tivity. For example, in most people the cortex of
their dominant arm is larger than that of their
non-dominant arm. The difference in cortex size
is even larger for tennis players and other ath-
letes who routinely use a dominant arm in their
sporting activities. Bones do not work in isola-
tion, but rather are part of the musculoskeletal
system, providing the “lever” that allows muscles
to move (by pulling on the lever). Thus muscle
activity is important for the normal function of
the bone. When the mechanical force produced
by muscle is lost—for example, in patients with
muscular dystrophy or paralysis—bone mass
and strength are also rapidly lost. Many bones
in the skeleton also have connecting joints that
provide greater flexibility of movement. These
joints are sites of great mechanical stress and are
subject to injury and to degeneration with ag-
ing. The most common type of joint degenera-
tion is osteoarthritis, a painful, degenerative con-
dition that affects the hip, knees, neck, lower
back, and/or small joints of the hand. These joint
diseases result from very different causes and
require very different management than do bone
diseases, and consequently they are not covered
in this report. However it is important to rec-
ognize that the bones, joints, and muscles are
the key parts of an integrated “musculoskeletal
system.” Problems with any one component of
this system can affect the other components.
Thus, weakness of the muscles can lead to loss
of bone and joint damage, while degeneration
of the joints leads to changes in the underlying
bone, such as the bony spurs or protuberances
that occur in osteoarthritis.
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How Bones Change
Throughout Life

Throughout life, bones change in size, shape,
and position. Two processes guide these
changes—modeling and remodeling. When a
bone is formed at one site and broken down in a
different site its shape and position is changed.
This is called modeling (Figure 2-2). However,
much of the cellular activity in a bone consists
of removal and replacement at the same site, a
process called remodeling. The remainder of this
section explains why and how these processes
occur.

Why We Need Modeling and Remodeling
During childhood and adolescence bones are

sculpted by modeling, which allows for the for-

mation of new bone at one site and the removal
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of old bone from another site within the same
bone (Seeman 2003) (Figure 2-2). This process
allows individual bones to grow in size and to
shift in space. During childhood bones grow
because resorption occurs inside the bone while
formation of new bone occurs on its outer (peri-
osteal) surface. At puberty the bones get thicker
because formation can occur on both the outer
and inner (endosteal) surfaces. As people get
older, resorption occurs on inner surfaces while
formation occurs on outer surfaces, which can
partially compensate for the loss of strength due
to the thinning of the cortex. The size and shape
of the skeleton follows a genetic program, but
can be greatly affected by the loading or im-
pact that occurs with physical activity. Ulti-
mately bones achieve a shape and size that fits



best to their function. In other words, “form
follows function.”

The remodeling process occurs throughout
life and becomes the dominant process by the
time that bone reaches its peak mass (typically
by the early 20s). In remodeling, a small amount
of bone on the surface of trabeculae or in the
interior of the cortex is removed and then re-
placed at the same site (Figure 2-2). The remod-
eling process does not change the shape of the
bone, but it is nevertheless vital for bone health,
for a variety of reasons. First, remodeling repairs
the damage to the skeleton that can result from
repeated stresses by replacing small cracks or
deformities in areas of cell damage. Remodeling
also prevents the accumulation of too much old
bone, which can lose its resilience and become
brittle. Remodeling is also important for the
function of the skeleton as the bank for calcium
and phosphorus. Resorption (the process of
breaking down bone), particularly on the sur-
tace of trabecular bone, can supply needed cal-
cium and phosphorus when there is a deficiency
in the diet or for the needs of the fetus during
pregnancy or an infant during lactation. When
calcium and phosphorus supplies are ample the
formation phase of remodeling can take up these
minerals and replenish the bank.

Modeling and remodeling continue through-
out life so that most of the adult skeleton is re-
placed about every 10 years. While remodeling
predominates by early adulthood, modeling can
still occur particularly in response to weakening
of the bone. Thus with aging, if excessive
amounts of bone are removed from the inside,
some new bone can be laid down on the out-
side, thus preserving the mechanical strength of
the bone despite the loss of bone mass.

Bone Health and Osteoporosis

How Modeling and Remodeling Occur

The process of building the skeleton and
continuously reshaping it to respond to inter-
nal and external signals is carried out by spe-
cialized cells that can be activated to form or
break down bone. Both modeling and remod-
eling involve the cells that form bone called
osteoblasts and the cells that break down bone,
called osteoclasts (Figure 2-3). In remodeling
there is an important local interaction between
osteoblasts or their precursors (the cells that will
develop into osteoblasts by acquiring more spe-
cialized functions—a process called differentia-
tion) and osteoclasts or their precursors. Since
remodeling is the main way that bone changes
in adults and abnormalities in remodeling are the
primary cause of bone disease, it is critically im-
portant to understand this process. In addition,
recent research has provided exciting informa-
tion about these cell interactions.

Osteoblasts are derived from precursor cells
that can also be stimulated to become muscle,
fat or cartilage; however, under the right condi-
tions these cells change (or differentiate) to form
new bone, producing the collagen that forms the
scaffolding or bone matrix. This calcium- and
phosphate-rich mineral is added to the matrix to
form the hard, yet resilient, tissue that is healthy
bone. Osteoblasts lay down bone in orderly lay-
ers that add strength to the matrix. Some of
the osteoblasts are buried in the matrix as it is
being produced and these are now called os-
teocytes. Others remain as thin cells that cover
the surface and are called lining cells. Osteo-
cytes are the most numerous cells in bone and
are extensively connected to each other and to
the surface of osteoblasts by a network of small
thin extensions. This network is critical for the
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Figure 2-2. Modeling and Remodeling

Modeling

Osteoblasts

Remodeling

Osteoclasts

Mineralized bone

Note: In modeling, osteoblast and osteoclast action are not linked and rapid changes can occur in
the amount, shape, and position of bone. In remodeling, osteoblast action is coupled to prior
osteoclast action. Net changes in the amount and shape of bone are minimal unless there is a
remodeling imbalance.

Source: Rauch 2004.
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ability of bone to respond to mechanical forces
and injury. When the skeleton is subjected to
impact there is fluid movement around the os-
teocytes and the long-cell extensions that pro-
vides signals to the bone cells on the surface to
alter their activity, either in terms of changes in

Bone Health and Osteoporosis

bone resorption or formation. Failure of the os-
teoblasts to make a normal matrix occurs in a
congenital disorder of the collagen molecule
called osteogenesis imperfecta. Inadequate bone
matrix formation also occurs in osteoporosis,
particularly in the form of osteoporosis produced

Figure 2-3. Bone Remodeling

Hematopoietic
Stem Cell

Osteoblastic
Stromal Cell

D
/®

Mesenchymal
Stem Cell

Osteoblast
Precursor

of osteoblasts.

Note: The sequence of activation, resorption, reversal, and formation is illustrated here. The
activation step depends on cells of the osteoblast lineage, either on the surface of the bone or in the
marrow, acting on blood cell precursors (hematopoietic cells) to form bone-resorbing osteoclasts.
The resorption process may take place under a layer of lining cells as shown here. After a brief
reversal phase, the osteoblasts begin to lay down new bone. Some of the osteoblasts remain inside
the bone and are converted to osteocytes, which are connected to each other and to the surface
osteoblasts. The resorption phases last only a few weeks but the formation phase is much slower,
taking several months to complete, as multiple layers of new bone are formed by successive waves
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by an excess of the adrenal hormones called glu-
cocorticoid-induced osteoporosis. This form of os-
teoporosis differs from primary osteoporosis and
most other forms of secondary osteoporosis be-
cause with glucocorticoid-induced osteoporosis
inhibition of bone formation is the dominant
mechanism for weakening of the skeleton.

The osteoclasts remove bone by dissolving
the mineral and breaking down the matrix in a
process that is called bone resorption. The osteo-
clasts come from the same precursor cells in the
bone marrow that produce white blood cells.
These precursor cells can also circulate in the
blood and be available at different sites in need of
bone breakdown. Osteoclasts are formed by fu-
sion of small precursor cells into large, highly ac-
tive cells with many nuclei. These large cells can
fasten onto the bone, seal off an area on the sur-
face, and develop a region of intense activity in
which the cell surface is highly irregular, called a
ruffled border. This ruffled border contains trans-
port molecules that transfer hydrogen ions from
the cells to the bone surface where they can dis-
solve the mineral. In addition, packets of enzymes
are secreted from the ruffled border that can break
down the matrix. Excessive bone breakdown by
osteoclasts is an important cause of bone fragility
not only in osteoporosis, but also in other bone
diseases such as hyperparathyroidism,
Paget’s disease, and fibrous dysplasia (see
Chapter 3). Inhibitors of osteoclastic bone
breakdown have been developed to treat
these disorders (see Chapter 9).

Removal and replacement of bone in the re-
modeling cycle occurs in a carefully orchestrated
sequence that involves communication between
cells of the osteoblast and osteoclast lineages
(Hauge, Qvesel et al. 2001; Parfitt 2001). It is
controlled by local and systemic factors that regu-
late bone remodeling to fulfill both its structural
and metabolic functions. The activation of this
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process involves an interaction between cells of
the osteoblastic lineage and the precursors that
will become osteoclasts. What stops this process
is not known, but the osteoclasts machinery
clearly slows down and the osteoclasts die by a
process that is called programmed cell death.
Thus the amount of bone removed can be con-
trolled by altering the rate of production of new
osteoclasts, blocking their activity, or altering
their life span. Most current treatments for os-
teoporosis work by slowing down osteoclastic
bone breakdown through use of antiresorptive
agents.

The activation and resorption phases are fol-
lowed by a brief reversal phase (Everts, Delaisse
etal. 2002). During the reversal phase the resorbed
surface is prepared for the subsequent formation
phase, in part by producing a thin layer of pro-
tein, rich in sugars, which is called the cement
line and helps form a strong bond between the
old bone and the newly formed bone.

These three phases are relatively rapid, prob-
ably lasting only 2 to 3 weeks in humans. The
tinal phase of bone formation takes much longer,
lasting up to 3 or 4 months. Thus active remod-
eling at many sites can weaken the bone for a
considerable period of time (even if formation
catches up eventually), as many defects form in
the bony structure that have not yet been filled.
Formation is carried out by large active osteo-
blasts that lay down successive layers of matrix
in an orderly manner that provides added
strength. The addition of minerals to the collag-
enous matrix completes the process of making
strong bone. Any error in this complex process
can lead to bone disease.

Since remodeling serves both the structural
and metabolic functions of the skeleton, it can
be stimulated both by the hormones that regu-
late mineral metabolism and by mechanical loads
and local damage acting through local factors.



Repair of local damage is an important function
of remodeling. Over time repeated small stresses
on the skeleton can produce areas of defective
bone, termed micro-damage. Replacement of
that damaged bone by remodeling restores bone
strength. Signals for these responses are prob-
ably developed by the network of osteocytes and
osteoblasts, which, through their multiple con-
nections, can detect changes in the stress placed
upon bone and in the health of the small areas of
micro-damage. Factors that affect the formation,
activity, and life span of osteoclasts and osteo-
blasts as they develop from precursor cells can
affect the remodeling cycle. Drugs have been
developed that act in these ways, with the goal
of reducing bone loss or increasing bone forma-
tion and maintaining skeletal health.

What Keeps Bones Healthy?

Both genes and the environment contribute
to bone health. Some elements of bone health
(e.g., the size and shape of the skeleton) are de-
termined largely by genes, and errors in signal-
ing by these genes can result in birth defects.
External factors, such as diet and physical activ-
ity, are critically important to bone health
throughout life and can be modified. As noted
above, the mechanical loading of the skeleton is
essential for maintenance of normal bone mass
and architecture. In addition, the skeleton needs
certain nutritional elements to build tissue. Not
only does the skeleton require the same nutri-
tional elements as the rest of the body, but it
also has a special requirement for large amounts
of calcium and phosphorus. While adequate lev-
els of these minerals can be obtained from the
mother during pregnancy and nursing, they
must come from the diet thereafter.

The growth of the skeleton, its response to
mechanical forces, and its role as a mineral store-
house are all dependent on the proper function-
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ing of a number of systemic or circulating hor-
mones produced outside the skeleton that work
in concert with local regulatory factors. The sys-
temic hormones that affect the supply of calcium
and phosphorus and the formation and break-
down of bone are listed in Table 2-1. This com-
plex system of regulatory hormones responds to
changes in blood calcium and phosphorus, act-
ing not only on bone but also on other tissues
such as the intestine and the kidney. The system
is illustrated for calcium regulation in Figure 2-4.
Under normal conditions only part of the dietary
calcium is absorbed and some calcium is secreted
into the intestinal tract so that the net amount of
calcium entering the body normally is only a small
proportion of dietary calcium. In healthy young
adults there is calcium balance, where the amount
taken in is equal to the amount excreted. The bones
are constantly remodeling, but breakdown and
formation are equal. The kidney filters the blood,
including a large amount of calcium, but most of
this is taken back into the body by the kidney cells.
When calcium and/or phosphorus are in short sup-
ply, the regulating hormones take them out of the
bone to serve vital functions in other systems of
the body. Too many withdrawals can weaken the
bone. The regulatory hormones also play critical
roles in determining how much bone is formed at
different phases of skeletal growth and how well
bone strength and mass is maintained throughout
life. For example, sex hormones and the growth
hormone system described below are increased
during puberty, a time of rapidly increased skel-
etal growth. Finally, it is important to remember
that the effects of hormones and mechanical forces
on the skeleton are closely linked. For example,
the ability of bone to respond to mechanical load-
ing is impaired in animals lacking the receptor for
estrogen (Lee et al. 2003).

Genes, hormones, local factors, and lifestyle
all play a role in determining one’s peak bone
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mass, a level that is typically achieved by the
time an individual reaches his or her late teens
or early 20s. The stronger the bones are at this
time, the better able they are to deal with any
withdrawals of calcium and phosphorus that are
needed and with any other changes to bone that
occur with aging.

What follows is a brief description of the most

important regulating hormones with respect to
bone health.

Calcium-Regulating Hormones

Three calcium-regulating hormones play an
important role in producing healthy bone: 1) par-
athyroid hormone or PTH, which maintains the
level of calcium and stimulates both resorption
and formation of bone; 2) calcitriol, the hormone
derived from vitamin D, which stimulates the
intestines to absorb enough calcium and phos-
phorus and also affects bone directly; and 3) cal-
citonin, which inhibits bone breakdown and may

protect against excessively high levels of calcium
in the blood.

Parathyroid hormone or PTH

PTH is produced by four small glands adja-
cent to the thyroid gland. These glands precisely
control the level of calcium in the blood. They
are sensitive to small changes in calcium concen-
tration so that when calcium concentration de-
creases even slightly the secretion of PTH in-
creases. PTH acts on the kidney to conserve cal-
cium and to stimulate calcitriol production,
which increases intestinal absorption of calcium.
PTH also acts on the bone to increase move-
ment of calcium from bone to blood. Excessive
production of PTH, usually due to a small tu-
mor of the parathyroid glands, is called hyper-
parathyroidism and can lead to bone loss. PTH
stimulates bone formation as well as resorption.
When small amounts are injected intermittently,
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Table 2-1. Most Critical
Systemic Hormones
Regulating Bone

Calcium Regulating Hormones

Parathyroid Hormone
Calcitriol (Active Vitamin D)

Calcitonin

Sex Hormones

Estrogen

Testosterone

Other Systemic Hormones

Growth Hormone/Insulin-Like
Growth Factor

Thyroid Hormone

Cortisol

bone formation predominates and the bones get
stronger (Rubin, Cosman et al. 2002). This is the
basis for a new treatment for osteoporosis (see
Chapter 9).

In recent years a second hormone related to
PTH was identified called parathyroid hormone-
related protein (PTHrP). This hormone normally
regulates cartilage and bone development in the
fetus, but it can be over-produced by individuals
who have certain types of cancer. PTHrP then
acts like PTH, causing excessive bone breakdown
and abnormally high blood calcium levels, called
hypercalcemia of malignancy (Stewart 2002).
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Figure 2-4. Regulation of the Calcium Levels in the Body Fluids
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Note: The extracellular fluid (ECF) calcium level is regulated not only by bone, but also by the
intestine and kidney as shown in this figure. In addition to the limited absorption of calcium from
the intestine, there is secretion of calcium into the intestine as part of the intestinal juices so that the
net absorption in an average normal individual may be only 150 mg/day. The movement of
calcium in and out of bone in a normal young adult is in balance, that is, bone resorption and bone
formation are equal. A large amount of calcium is filtered through the kidney but brought back
into the circulation by reabsorption. All of these movements are controlled by hormones,
particularly parathyroid hormone, and 1,25 dihydroxy vitamin D (calcitriol). The constant level in
the ECF is essential for normal cell function and also for maintaining the right amount of calcium
inside the cell.

Source: Mundy and Guise 1999.
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Calcitriol

Calcitriol is the hormone produced from vi-
tamin D (Norman, Okamura et al. 2002).
Calcitriol, also called 1,25 dihydroxy vitamin
D, is formed from vitamin D by enzymes in
the liver and kidney. Calcitriol acts on many
different tissues, but its most important action
is to increase intestinal absorption of calcium
and phosphorus, thus supplying minerals for
the skeleton. Vitamin D should not technically
be called a vitamin, since it is not an essential
food element and can be made in the skin
through the action of ultra violet light from
the sun on cholesterol. Many people need vi-
tamin D in their diet because they do not de-
rive adequate levels from exposure to the sun.
This need occurred as people began to live
indoors, wear clothes, and move further north.
In northern latitudes the sun’s rays are filtered
in the winter and thus are not strong enough
to make sufficient vitamin D in the skin. Vita-
min D deficiency leads to a disease of defec-
tive mineralization, called rickets in children
and osteomalacia in adults. These conditions
can result in bone pain, bowing and deformi-
ties of the legs, and fractures. Treatment with
vitamin D can restore calcium supplies and re-
duce bone loss.

Calcitonin

Calcitonin is a third calcium-regulating hor-
mone produced by cells of the thyroid gland,
although by different cells than those that pro-
duce thyroid hormones (Sexton, Findlay et al.
1999). Calcitonin can block bone breakdown by
inactivating osteoclasts, but this effect may be
relatively transient in adult humans. Calcitonin
may be more important for maintaining bone
development and normal blood calcium levels
in early life. Excesses or deficiencies of calcito-
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nin in adults do not cause problems in maintain-
ing blood calcium concentration or the strength
of the bone. However, calcitonin can be used as
a drug for treating bone disease.

Sex Hormones

Along with calcium-regulating hormones, sex
hormones are also extremely important in regu-
lating the growth of the skeleton and maintain-
ing the mass and strength of bone. The female
hormone estrogen and the male hormone test-
osterone both have effects on bone in men and
women (Falahati-Nini, Riggs et al. 2000). The
estrogen produced in children and early in pu-
berty can increase bone growth. The high con-
centration that occurs at the end of puberty has
a special effect—that is, to stop further growth in
height by closing the cartilage plates at the ends of
long bone that previously had allowed the bones
to grow in length.

Estrogen acts on both osteoclasts and osteo-
blasts to inhibit bone breakdown at all stages in
life. Estrogen may also stimulate bone formation.
The marked decrease in estrogen at menopause
is associated with rapid bone loss. Hormone
therapy was widely used to prevent this, but this
practice is now controversial because of the risks
of increased breast cancer, strokes, blood clots,
and cardiovascular disease with hormone therapy
(see Chapter 9).

Testosterone is important for skeletal growth
both because of its direct effects on bone and its
ability to stimulate muscle growth, which puts
greater stress on the bone and thus increases
bone formation. Testosterone is also a source of
estrogen in the bodys; it is converted into estro-
gen in fat cells. This estrogen is important for
the bones of men as well as women. In fact, older
men have higher levels of circulating estrogen
than do postmenopausal women.



Other Important Hormones

Growth hormone from the pituitary gland is
also an important regulator of skeletal growth. It
acts by stimulating the production of another hor-
mone called insulin-like growth factor-1 IGF-1),
which is produced in large amounts in the liver
and released into circulation. IGF-1 is also pro-
duced locally in other tissues, particularly in bone,
also under the control of growth hormone. The
growth hormone may also directly affect the
bone—that is, not through IGF-1 (Wang et al.
2004). Growth hormone is essential for growth
and it accelerates skeletal growth at puberty. De-
creased production of growth hormone and IGF-
1 with age may be responsible for the inability of
older individuals to form bone rapidly or to re-
place bone lost by resorption (Yakar and Rosen
2003). The growth hormone/IGF-1 system stimu-
lates both the bone-resorbing and bone-forming
cells, but the dominant effect is on bone forma-
tion, thus resulting in an increase in bone mass.

Thyroid hormones increase the energy pro-
duction of all body cells, including bone cells.
They increase the rates of both bone formation
and resorption. Deficiency of thyroid hormone
can impair growth in children, while excessive
amounts of thyroid hormone can cause too much
bone breakdown and weaken the skeleton
(Vestergaard and Mosekilde 2002). The pituitary
hormone that controls the thyroid gland, thy-
rotropin or TSH, may also have direct effects
on bone (Abe et al. 2003).

Cortisol, the major hormone of the adrenal gland,
is a critical regulator of metabolism and is important
to the body’s ability to respond to stress and injury.
It has complex effects on the skeleton (Canalis and
Delany 2002). Small amounts are necessary for nor-
mal bone development, but large amounts block bone
growth. Synthetic forms of cortisol, called glucocor-
ticoids, are used to treat many diseases such as asthma
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and arthritis. They can cause bone loss due both to
decreased bone formation and to increased bone
breakdown, both of which lead to a high risk of frac-
ture (Kanis et al. 2004).

There are other circulating hormones that af-
fect the skeleton as well. Insulin is important for
bone growth, and the response to other factors that
stimulate bone growth is impaired in individuals
with insulin deficiency (Lu et al. 2003, Suzuki et
al. 2003). A recently discovered hormone from fat
cells, leptin, has also been shown to have effects on
bone (Elefteriou et al. 2004, Cornish et al. 2002).

What Causes Diseases of Bone?

Maintaining a strong and healthy skeleton
is a complicated process that requires having the
right amount of bone with the right structure
and composition in the right place. There are
many things that can go wrong along the way.

Genetic abnormalities can produce weak,
thin bones, or bones that are too dense. The dis-
ease osteogenesis imperfecta is caused by abnor-
malities in the collagen molecule that make the
matrix weak and can lead to multiple fractures.
In another congenital disorder, osteopetrosis, the
bones are too dense because of failure of osteo-
clast formation or function. This failure of the
remodeling process results in persistence of tra-
becular bone in the marrow space so that the
marrow cavity may not be large enough to form
red and white blood cells normally. These dense
bones cannot remodel well in response to me-
chanical forces or micro damage and hence may
be weaker and subject to fracture even though
bone mass is increased. There are also other ab-
normalities of the genes that affect the size and
shape of the skeleton and can cause deformities
or abnormal growth.

Nutritional deficiencies, particularly of vi-
tamin D, calcium, and phosphorus, can result
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in the formation of weak, poorly mineralized
bone. In children, vitamin D deficiency pro-
duces rickets in which there is not only a
marked weakness of bone and fractures but also
bowing of the long bones and a characteristic
deformity due to overgrowth of cartilage at the
ends of the bones. In adults, vitamin D defi-
ciency leads to a softening of the bone (a con-
dition known as osteomalacia) that can also lead
to fractures and deformities.

Many hormonal disorders can also affect the
skeleton. Overactive parathyroid glands or hy-
perparathyroidism can cause excessive bone
breakdown and increase the risk of fractures. In
severe cases, large holes or cystic lesions appear
in the bone, which makes them particularly frag-
ile. A deficiency of the growth hormone/IGF-1
system can inhibit growth, leading to short stat-
ure. Loss of gonadal function or hypogonadism
in children and young adults can cause severe
osteoporosis due to loss of the effects of testoster-
one and estrogen. In addition, too much cortisol
production by the adrenal gland can occur in
Cushing’s syndrome.

Use of glucocorticoids as medication is a
common cause of bone disease. Excess gluco-
corticoids will stop bone growth in children and
cause marked thinning of the bone in adults,
often leading to fracture.

Many bone disorders are local, affecting
only a small region of the skeleton. Inflamma-
tion can lead to bone loss, probably through
the production of local resorbing factors by
the inflammatory white cells. This process can
occur around the affected joints in patients
with arthritis. Bacterial infections, such as se-
vere gum inflammation or periodontal disease,
can produce loss of the bones around the teeth,
and osteomyelitis can produce a loss of bone
at the site of infection. This type of bone loss
is due to the direct damaging effect of bacterial
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products as well as the production of resorbing
tactors by white cells. Paget’s disease is a mul-
tifaceted condition in which the first change is
the formation of large, highly active, and un-
regulated osteoclasts that produce abnormal
bone resorption. The precise cause of Paget’s
disease is not known, but it appears to be the
consequence of both genetic factors and envi-
ronmental factors, possibly a viral infection.
The osteoblasts try to repair this damage by
increasing bone formation. However, the nor-
mal bone architecture has been disrupted, lead-
ing to weak bones and the potential for frac-
tures and deformities (even though the bones
may appear dense on an x-ray). One reason for
this is that the new bone formed is disorderly,
“woven” bone, which does not have the
proper alignment of mineral crystals and col-
lagen matrix. In addition, the new bone may
not be in the right place to provide strength.

What Is Osteoporosis?

Osteoporosis is by far the most common bone
disease. Osteoporosis is “a skeletal disorder char-
acterized by compromised bone strength, pre-
disposing to an increased risk of fracture” (Os-
teoporosis 2000). The composition of the min-
eral and matrix, the fine structure of the trabecu-
lar bone, the porosity of the cortical bone, and
the presence of micro-fractures and other forms
of damage in bone are all important in determin-
ing bone strength. Changes in the fine structure
or micro-architecture of trabecular bone are par-
ticularly important since the most common frac-
tures in osteoporosis occur at the spine, wrist, and
hip, sites where trabecular bone predominates.
As shown in Figure 2-5, the structure of normal
trabecular bone consists of well-connected plates
or broad bands that provide great strength. In
individuals with osteoporosis these bands are dis-
rupted and often become thin, weakened rods.
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Normal Bone

Figure 2-5. Normal vs. Osteoporotic Bone

Note: These pictures, called scanning electron micrographs, are from biopsies of a normal and an
osteoporotic patient. The normal bone shows a pattern of strong interconnected plates of bone.
Much of this bone is lost in osteoporosis and the remaining bone has a weaker rod-like structure.
Moreover some of the rods are completely disconnected. These bits of disconnected bone may be
measured as bone mass, but contribute nothing to bone strength.

Source: Reproduced from | Bone Miner Res 1986: 1:16-21 with
permission from American Society for Bone and Mineral Research.

Osteoporotic Bone

Some of these rods are no longer connected to
another piece of bone, meaning that they no
longer contribute to bone strength.
Unfortunately, however, it is not possible to
measure bone strength directly, or to detect
changes in the micro-architecture of bone in liv-
ing patients. The mass of bone, its density, and
its general shape can be determined by radio-
graphs and absorptiometry (see Chapter 8). These
measures are used as “proxies” for bone strength
in assessing the risk of osteoporosis today.
There are a number of different ways in
which osteoporosis can develop, with the skel-

eton becoming more fragile and the risk of frac-
ture increasing (Raisz and Rodan 2003). Some
of the most important mechanisms that lead to
skeletal fragility and fractures are listed in Table
2-2. Many people have relatively weak bones
even as young adults because of their genes or
because of suboptimal nutrition and lifestyle.
However, fractures due to bone fragility rather
than severe injury are uncommon in young
adults. It is typically not until later in life that bone
loss begins due to bone breakdown, a process that
accelerates around the time of menopause in
women. At the same time, bone formation tends
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Table 2-2. Causes of Bone
Loss and Fractures
in Osteoporosis

Failure to develop a strong skeleton

Genetics-limited growth or abnormal
bone composition

Nutrition-Calcium, phosphorous and
vitamin D deficiency, poor
general nutrition

Lifestyle-lack of weight-bearing exercise,
smoking

Loss of bone due to excessive

breakdown (resorption)

Decreased sex hormone production

Calcium and vitamin D deficiency,
increased parathyroid hormone

Excess production of local resorbing
factors

Failure to replace lost bone due

to impaired formation

Loss of ability to replenish bone cells with
age

Decreased production of systemic growth
factors

Loss of local growth factors

Increased tendency to fall

Loss of muscle strength
Slow reflexes and poor vision

Drugs that impair balance
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to decrease with age in both men and women,
typically failing to keep up with the rate of bone
resorption. An imbalance between bone resorp-
tion and bone formation results in loss of bone
mass, leading to the development of structural
abnormalities that make the skeleton more frag-
ile. There are a number of different combinations
of increased resorption and decreased formation
that can result in a weakened skeletal structure
(see Figure 2-5). Each of these pathways can be
involved in producing skeletal fragility at differ-
ent times or sites within an individual patient.
Since bone breakdown is the first step in this pro-
cess, blocking bone resorption is one way to de-
crease bone loss and prevent fractures. Itis cur-
rently the most widely used therapeutic ap-
proach in osteoporosis. Stimulation of bone for-
mation can also reverse skeletal fragility; new
therapies based on this approach have recently

been developed (Chapter 9).

The Future: Where a Better
Understanding of Bone Biology
Can Take Us

This brief overview of the basics of bone
health and disease provides a framework for the
discussion of what is known about the causes,
prevention, and treatment of skeletal disorders
today. Many knowledge gaps remain, and it is
still unclear precisely why so many people suf-
fer fractures. Fortunately there have recently
been a number of exciting new discoveries
about skeletal regulation, and there are un-
doubtedly many more to come. These discov-
eries will further increase our understanding
of bone health and disease.

For example, recent discoveries have shown
how osteoblastic and osteoclastic cells commu-
nicate and provide signals to begin the process
of resorption (Figure 2-6). The osteoblastic cells
produce macrophage colony stimulating factor



(M-CSF) and receptor activator of nuclear fac-
tor kappa B ligand (RANKL) (Khosla 2001), pro-
teins that bind to receptors on the osteoclast pre-
cursors, stimulate their proliferation and differ-
entiation, and increase osteoclast activity. Osteo-
blastic cells also produce a protein called
osteoprotegerin that can bind RANKL and pre-
vent it from interacting with osteoclastic cells.
The hormones and local factors that stimulate
bone resorption act on this system. The balance
between RANKL and osteoprotegerin (OPG)
production is probably critical in determining
how fast bone breaks down. RANKL in bone is
increased in individuals with estrogen deficiency
(Eghbali-Fatourechi et al. 2003). While RANKL
excess or osteoprotegerin deficiency would be
expected to cause bone loss, measurements of
the amounts of these proteins in circulating blood
do not support this theory. OPG levels are
higher and RANKL levels are lower in patients
with fractures or low bone mass (Schett et al.
2004, Jorgensen et al. 2004). On the other hand,
OPG or drugs that act like it by interfering with
the binding of RANKL could be useful in the
treatment of osteoporosis.

Recently another signaling system was dis-
covered in bone involving a receptor called lipo-
protein receptor-related protein 5. Patients with
over-activity in this receptor have strong bones
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that typically do not fracture (Boyden, Mao et
al. 2002; Little, Carulli et al. 2002). Patients in
whom this receptor does not function form se-
vere osteoporosis (Gong, Slee et al. 2001). Smaller
variations in the gene for this receptor may have
an important influence on bone size and strength
(Ferrari et al. 2004). Many other genes have also
recently been identified as influencing bone mass
and strength. A gene for an enzyme called
lipoxygenase was recently found to affect bone
mass in mice (Klein et al. 2004). Genetics studies
in Iceland have shown that variants in one of the
genes for bone morphogenetic proteins are asso-
ciated with osteoporosis (Styrkarsdottir et al.
2003). There are also unidentified genes on spe-
cific sites on chromosomes that appear to control
bone mass and architecture.

All of these new findings could ultimately
lead to much better ways of determining
whether or not an individual will develop a
disorder of the skeleton. Enough information
exists today about the causes, prevention, di-
agnosis, and treatment of bone diseases to in-
crease the bone health and decrease the risk of
fracture among Americans today. The goal of
this report is to describe how this can be ac-
complished and how both personal and public
health measures can promote bone health in
our population.
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Figure 2-6. How Osteoclasts Are Formed

Hematopoietic Progenitor Pre-osteoclast Quiescent Osteoclast
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IL-1 } OPG
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Note: The interaction between cells of the osteoblastic lineage and the osteoclast lineage is
illustrated here. The osteoblastic cells produce several proteins that regulate osteoblast formation
and activity. One is macrophage colony stimulating factor (M-CSF) that acts on its receptor to
increase the number of precursors available to form osteoclasts. The osteoclasts also produce a
protein called receptor activator of nuclear factor kappa B ligand. (RANKL) that can bind to a
receptor on the osteoclast precursors (RANK) and stimulate them to develop into fully
differentiated osteoclasts. The RANKL/RANK interaction also increases osteoclast activity.
Finally the osteoblastic cells can produce osteoprotegerin (OPQG), a protein that can be secreted
outside the cell and then bind RANKL and prevent it from interacting with RANK, thus blocking
the formation and activation of osteoclasts. Hormones and local factors such as parathyroid
hormone (PTH), calcitriol or 1,25 dihydroxy D (1,25 D), prostaglandin E2 (PGE;) and
Interleukin-1 (IL-1) are shown in this figure as acting on the osteoblastic cells to increase
production of RANKL and decrease production of OPG. The balance between RANKL and
OPG production determines how fast bone breaks down.
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Key Questions for Future
Research

Remarkable progress in furthering our un-
derstanding of the cellular, molecular biology,
and genetics of skeletal tissues in the last quarter
century has provided answers to many key ques-
tions. As expected, these answers have given rise
to additional research questions, as outlined be-
low. The answers to these new questions should,
in turn, lead to new approaches to diagnosis,
prevention, and treatment. Thus it is important
to maintain strong support for basic research,
even as existing research findings are applied to
the everyday practice of medicine.

e How does the normal skeleton respond
to mechanical forces and maintain the
best structure?

e How is this response lost in those
individuals who develop bone disease?

Bone Health and Osteoporosis

Local factors that contribute to this
process have been identified but their
specific roles are not known. In addition,
there is a general understanding of bone
remodeling, but there are many specific
steps—in particular the reversal phase—
about which little is known.

How precisely does estrogen maintain
bone mass and strength?

What is the relative importance of other
circulating hormones in maintaining bone
health? These include not only the
calcium and growth-regulating hor-
mones, but also recently identified
hormones such as leptin.

How do newly identified genes and
proteins (e.g., the Wnt signaling pathway)
that affect bone cells work?

The Basics of Bone in Health and Disease 35
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Chapter 3: Key Messages
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Osteoporosis affects millions of Americans.
Individuals with osteoporosis are at high
risk of suffering one or more fractures,
which are often physically debilitating and
can potentially lead to a downward spiral
in physical and mental health.

The most common form of osteoporosis
is known as “primary osteoporosis.” It is
the result of the cumulative impact of
bone loss and deterioration of bone
structure as people age. This bone loss
can be minimized and osteoporosis
prevented through adequate nutrition,
physical activity, and, if necessary,
appropriate treatment.

There are a wide variety of diseases and
certain medications and toxic agents that
can cause or contribute to the
development of osteoporosis. If
recognized as a potential threat, this form
of the disease—known as secondary
osteoporosis—can often be prevented
through proper nutrition and physical
activity, along with appropriate therapy
if needed.

A number of childhood diseases cause
rickets, a condition that results from a
delay in depositing calcium phosphate
mineral in growing bones. This delay
leads to skeletal deformities, especially
bowed legs. In adults, the equivalent
disease is called osteomalacia. Both
diseases can generally be prevented by
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ensuring adequate levels of vitamin D,
but they can have devastating
consequences for affected individuals.
Patients with chronic renal disease are at
risk for developing a complex bone
disease known as renal osteodystrophy.
While dialysis and transplantation have
extended the life-expectancy of these
patients, it may not prevent further
progression of bone disease.

Paget’s disease of bone is a progressive,
often crippling disorder of bone
remodeling that commonly involves the
spine, pelvis, legs, or skull (although any
bone can be affected). If diagnosed early,
its impact can be minimized.

A large number of genetic and
developmental disorders affect the
skeleton. Among the more common of
these is osteogenesis imperfecta (OI).
Patients with this condition have bones
that break easily.

Some skeletal disorders tend to develop
later in life. One of the most common of
these acquired skeletal disorders is a
malignancy of the bone. These
malignancies can originate in the bone
(primary tumors) or, much more
commonly, result from the seeding of
bone by tumors outside of the skeleton
(metastatic tumors). Primary bone cancer
also occurs in children. Both types of
tumors can destroy bone.



Bone Health and Osteoporosis

Chapter 3

DISEASES OF BONE

The body systems that control the growth
and maintenance of the skeleton, which are
described in Chapter 2, can be disrupted in
different ways that result in a variety of bone
diseases and disorders. These include problems
that can occur at or before birth, such as genetic
abnormalities and developmental defects, as well
as diseases such as osteoporosis and Paget’s
disease of bone that damage the skeleton later in
life. In addition to conditions that affect bone
directly, there are many other disorders that
indirectly affect bone by interfering with
mineral metabolism. This chapter reviews some
of the more common diseases, disorders, and
conditions that both directly and indirectly
affect bone.

Osteoporosis

As pointed out in Chapter 2, osteoporosis is
a disease characterized by low bone mass and
deterioration of bone structure that causes bone
fragility and increases the risk of fracture. For
practical purposes, the World Health
Organization has defined osteoporosis as a bone
mineral density (BMD) value more than 2.5
standard deviations below the mean for normal
young White women. Osteoporosis is a common
disease affecting millions of Americans. As
described in Chapters 4 and 5, it can have
devastating consequences. Individuals with
osteoporosis are at high risk of suffering one or
more fractures, injuries that can often be

Classical Case

“A classical case of osteoporosis may start
in a woman about 55 years of age with a wrist
fracture. Ten years later she may present
with back pain, with or without minor
trauma, and thoracolumbar spine x-rays may
show a vertebral fracture. She might have
one of several risk factors: low body weight,
premature menopause, a family history of
fractures, smoking, heavy alcohol
consumption, inactivity, calcium or vitamin
D deficiency, or corticosteroid use. The back
pain may remit and relapse with subsequent
vertebral fractures. Approximately 10-15
years later, at the age of 75-80 years, the
patient may fall and sustain a hip fracture,
resulting in hospitalization, a 20 percent
excess risk of death, considerable functional
impairment and possibly a loss of
independence if she survives. Although this
scenario 1is instantly recognizable,
osteoporosis may present with any of a wide
range of fractures and at a variety of ages; it
is also increasingly recognized among men”
(WHO 2003). Recognition that the first
fracture was a sentinel event may have
triggered a detailed assessment that could
potentially have prevented additional
fractures. See Chapter 8 for more
information on such assessments.
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physically debilitating and potentially lead to a
downward spiral in physical and mental health
(Figure 3-1). Generalized osteoporosis is the most
common form of the disease, affecting most of the
skeleton. Osteoporosis can also occur in localized
parts of the skeleton as a result of injury or
conditions that reduce muscle forces on the bone,
such as limb paralysis. There are a variety of

different types of osteoporosis. The most common
form of osteoporosis is known as “primary
osteoporosis”—that is, osteoporosis that is not
caused by some other specific disorder. Bone loss
caused by specific diseases or medications (see
below) is referred to as “secondary osteoporosis.”
Each of these major categories of osteoporosis is
discussed in more detail on the following pages.

Vertebral Fractures

Hip Fractures

Figure 3-1. Bone Fracture Areas in Osteoporosis

Wrist Fractures

Source: NOF 2004.

42 Chapter 3



Primary Osteoporosis

Primary osteoporosis is mainly a disease of
the elderly, the result of the cumulative impact
of bone loss and deterioration of bone structure
that occurs as people age (Seeman 2003). This
form of osteoporosis is sometimes referred to as
age-related osteoporosis. Since postmenopausal
women are at greater risk, the term
“postmenopausal” osteoporosis is also used.
Younger individuals (including children and
young adults) rarely get primary osteoporosis,
although it can occur on occasion. This rare form
of the disease is sometimes referred to as
“idiopathic” osteoporosis, since in many cases
the exact causes of the disease are not known, or
idiopathic. Since the exact mechanisms by which
aging produces bone loss are not all understood
(that is, it is not always clear why some
postmenopausal women develop osteoporosis
while others do not), age-related osteoporosis is
also partially idiopathic. A brief review of
“idiopathic” primary osteoporosis and a more
detailed review of the more common condition
of age-related osteoporosis follows.

Idiopathic Primary Osteoporosis

There are several different forms of
idiopathic osteoporosis that can affect both
children and adolescents, although these
conditions are quite rare (Norman 2003).
Juvenile osteoporosis affects previously healthy
children between the ages of 8 and 14. Over a
period of several years, bone growth is impaired.
The condition may be relatively mild, causing
only one or two collapsed bones in the spine
(vertebrae), or it may be severe, affecting
virtually the entire spine. The disease almost
always goes into remission (spontaneously)
around the time of puberty with a resumption
of normal bone growth at that time. Patients with
mild or moderate forms of the disease may be
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left with a curvature of the spine (kyphosis) and
short stature, but those with a more severe form
of the disease may be incapacitated for life.

Primary osteoporosis 1s quite rare in young
adults. In this age-group, the disease is usually
caused by some other condition or factor, such as
anorexia nervosa or glucocorticoid use (Khosla et
al. 1994). When idiopathic forms of primary
osteoporosis do occur in young adults, they appear
in men as often as they do in women (this is in
contrast to age-related primary osteoporosis,
which occurs more often in women). The
characteristics of the disease can vary broadly and
may involve more than one disorder. Some young
adults with idiopathic primary osteoporosis may
have a primary defect in the regulation of bone
cell function, resulting in depressed bone
formation, increased bone resorption, or both (see
Chapter 2). Others with a mild form of the disease
may simply have failed to achieve an adequate
amount of skeletal mass during growth. In some
patients, the disease runs a mild course, even
without treatment, and the clinical manifestations
are limited to asymptomatic spinal compression
fractures. More typically, however, multiple spine
fractures occur over a 5-10 year period leading to
a height loss of up to 6 inches.

Age-Related Osteoporosis

Age-related osteoporosis is by far the most
common form of the disease (Figure 3-2). There
are many different causes of the ailment, but the
bone loss that leads to the disease typically begins
relatively early in life, at a time when corrective
action (such as changes in diet and physical
activity) could potentially slow down its course.
While it occurs in both sexes, the disease is two
to three times more common in women (see
Chapter 4). This is partly due to the fact that
women have two phases of age-related bone
loss—a rapid phase that begins at menopause and
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lasts 4-8 years, followed by a slower continuous
phase that lasts throughout the rest of life (Riggs
et al. 2002). By contrast, men go through only
the slow, continuous phase. As a result, women
typically lose more bone than do men. The rapid
phase of bone loss alone in women results in
losses of 5-10 percent of cortical bone (which
makes up the hard outer shell of the skeleton)
and 20-30 percent of trabecular bone (which fills
the ends of the limb bones and the vertebral
bodies in the spine, the sites of most osteoporotic
fractures). The slow phase of bone loss results
in losses of 20-25 percent of cortical and
trabecular bone in both men and women, but
over a longer period of time (Riggs et al. 2002).

Although other factors such as genetics and
nutrition contribute, both the rapid phase of bone
loss in postmenopausal women and the slow phase
of bone loss in aging women and men appear to
be largely the result of estrogen deficiency. (This
is demonstrated by the fact that correction of
estrogen deficiency can prevent these changes.)
For women, the rapid phase of bone loss is
initiated by a dramatic decline in estrogen
production by the ovaries at menopause. The loss
of estrogen action on estrogen receptors in bone
results in large increases in bone resorption (see
Chapter 2), combined with reduced bone
formation. The end result is thinning of the
cortical outer shell of bone and damage to the
trabecular bone structure (see Figure 2-5, Chapter
2). There may be some countervailing forces on
this process, as the outside diameter of the bone
can increase with age, thus helping to maintain
bone strength (Ahlborg et al. 2003).

By contrast, the slower phase of bone loss is
thought to be caused by a combination of factors
including age-related impairment of bone
formation, decreased calcium and vitamin D
intake, decreased physical activity, and the loss
of estrogen’s positive effects on calcium balance
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in the intestine and kidney as well as its effects
on bone (Riggs et al. 2002). This leads to further
impairment of absorption of calcium by the
intestine and reduced ability of the kidney to
conserve calcium. If the amount of calcium
absorbed from the diet is insufficient to make
up for the obligatory calcium losses in the stool
and urine, serum calcium begins to fall.
Parathyroid hormone levels will then increase,
removing calcium from bone to make up for the
loss, as illustrated in Figure 3-3. The net result
of this process is an increase in bone resorption.
It is important to realize that these mineral losses
need not be great to result in osteoporosis. A
negative balance of only 50-100 mg of calcium
per day (far less than the 300 mg of calcium in a
single glass of milk) over a long period of time is
sufficient to produce the disease.

For aging men, sex steroid deficiency also
appears to be a major factor in age-related
osteoporosis. Although testosterone is the major
sex steroid in men, some of it is converted by the
aromatase enzyme into estrogen. In men,
however, the deficiency is mainly due to an
increase in sex hormone binding globulin, a
substance that holds both testosterone and
estrogen in a form that is not available for use by
the body. Between 30-50 percent of elderly men
are deficient in biologically active sex steroids
(Khosla et al. 1998). In fact, except for the lack of
the early postmenopausal phase, the process of
bone loss in older men is similar to that for older
women. As with women, the loss of sex steroid
activity in men has an effect on calcium absorption
and conservation, leading to progressive
secondary increases in parathyroid hormone
levels. As in older women, the resulting imbalance
between bone resorption and formation results
in slow bone loss that continues over life. Since
testosterone may stimulate bone formation more
than estrogen does, however, decreased bone
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Figure 3-2. Progressive Spinal Deformity in Osteoporosis

Age

55 years 65 years 75 years /

Note: Compression fractures of thoracic vertebrae lead to loss of height and progressive thoracic
kyphosis (dowager's hump). Lower ribs eventually rest on ileac crests, and downward pressure on
viscera causes abdominal distention.

Source: Netter 1987. Netter Illustrations used with permission from Icon
Learning Systems, a division of MediMedia, USA, Inc. All rights reserved.
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Figure 3-3. Schematic Representation of Model for Bone Loss in
Postmenopausal Women and Aging Men
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BONE LOSS

Source: Riggs et al. 1998.

formation plays a relatively greater role in the
bone loss experienced by elderly men.

Secondary Osteoporosis

Young adults and even older individuals who
get osteoporosis often do so as a byproduct of
another condition or medication use. In fact,
there are a wide variety of diseases (Table 3-1)
along with certain medications and toxic agents
(Table 3-2) that can cause or contribute to the
development of osteoporosis (Stein and Shane
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2003). Individuals who get the disease due to
these “outside” causes are said to have
“secondary” osteoporosis. They typically
experience greater levels of bone loss than would
be expected for a normal individual of the same
age, gender, and race. Secondary causes of the
disease are common in many premenopausal
women and men with osteoporosis (Khosla et
al. 1994); in fact, by some estimates the majority
of men with osteoporosis exhibit secondary



Bone Health and Osteoporosis

Table 3-1. Diseases That Cause or Contribute to Secondary Osteoporosis

Genetic Disorders

Cystic Fibrosis Homocystinuria Osteogenesis Imperfecta
Ehlers-Danlos Hypophosphatasia Porphyria

Glycogen Storage Diseases Idiopathic Hypercalciuria Riley-Day Syndrome
Gaucher's Disease Marfan Syndrome

Hemochromatosis Menkes Steely Hair Syndrome

Hypogonadal States

Androgen Insensitivity Hyperprolactinemia Turner's and Klinefelter's
Anorexia Nervosa Panhypopituitarism Syndrome

Athletic Amenorrhea Premature ovarian failure

Endocrine Disorders

Acromegaly Cushing's Syndrome Hyperparathyroidism
Adrenal Insufficiency Diabetes Mellitus (Type 1) Thyrotoxicosis

Gastrointestinal Diseases

Gastrectomy Malabsorption Primary Biliary Cirrhosis
Inflammatory Bowel Disease  Celiac Disease

Hematologic Disorders
Hemophilia Multiple Myeloma Systemic Mastocytosis
Leukemias and Lymphomas Sickle Cell Disease Thalassemia

Rheumatic and Auto-Immune Diseases

Ankylosing Spondylitis Lupus Rheumatoid Arthritis
Alcoholism Emphysema Multiple Sclerosis
Amyloidosis End Stage Renal Disease Muscular Dystrophy
Chronic Metabolic Acidosis Epilepsy Post-transplant Bone
Congestive Heart Failure Idiopathic Scoliosis Disease

Depression Immobilization Sarcoidosis
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causes of the disease (Orwoll 1998). In addition,
up to a third of postmenopausal women with
osteoporosis also have other conditions that may
contribute to their bone loss (Tannenbaum et
al. 2002). This section briefly describes some of
the more common diseases, disorders, and
medications that can cause or contribute to the
development of osteoporosis.

Diseases and Disorders That Can Cause
Osteoporosis

Several genetic diseases have been linked to
secondary osteoporosis. Idiopathic hyper-
calciuria and cystic fibrosis are the most
common. Patients with cystic fibrosis have
markedly decreased bone density and increased
fracture rates (Ott and Aitken 1998) due to a
variety of factors, including calcium and vitamin
D malabsorption, reduced sex steroid production
and delayed puberty, and increased
inflammatory cytokines (see Chapter 2). Some
patients with idiopathic hypercalciuria have a
renal defect in the ability of the kidney to
conserve calcium. This condition may be
aggravated if they are advised to lower their
dietary calcium intake to prevent kidney stones.
Several studies have documented low bone
density in these individuals, and they may
respond to drugs that decrease calcium excretion
in the urine. Other genetic disorders (listed in
Table 3-1), although rare, should be considered
in patients with osteoporosis after more common
causes have been excluded.

Estrogen or testosterone deficiency during
adolescence (due to Turner’s, Kallman’s, or
Klinefelter’s syndrome, anorexia nervosa,
athletic amenorrhea, cancer, or any chronic
illness that interferes with the onset of puberty)
leads to low peak bone mass (Riggs et al. 2002).
Estrogen deficiency that develops after peak
bone mass is achieved but before normal
menopause (due to premature ovarian failure for
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example) is associated with rapid bone loss. Low
sex steroid levels may also be responsible for
reduced bone density in patients with androgen
insensitivity or acromegaly. By contrast, excess
thyroid hormone (thyrotoxicosis), whether
spontaneous or caused by overtreatment with
thyroid hormone, may be associated with
substantial bone loss (Ross 1994); while bone
turnover is increased in these patients, bone
resorption is increased more than bone
formation. Likewise, excess production of
glucocorticoids caused by tumors of the pituitary
or adrenal glands (Cushing’s syndrome) can lead
to rapidly progressive and severe osteoporosis,
as can treatment with glucocorticoids (see
below). The relationship between diabetes and
osteoporosis is more controversial (Stein and
Shane 2003). For example, hip fractures are
increased in some studies of diabetic patients,
but not in others. In general, patients with type
1 (insulin-dependent) diabetes, particularly those
with poor control of their blood sugar (Heap et
al. 2004), are at greater risk of osteoporosis than
are those with type 2 (non-insulin dependent)
diabetes (Piepkorn et al. 1997).

Primary hyperparathyroidism is a relatively
common condition in older individuals,
especially postmenopausal women, that is caused
by excessive secretion of parathyroid hormone.
Most often, the cause is a benign tumor
(adenoma) in one or more parathyroid glands;
very rarely (less than 0.5 percent of the time)
the cause is parathyroid cancer (Wynne et al.
1992). Since most patients now come to clinical
attention when they are unexpectedly found on
routine examination to have an abnormally high
calcium level in the blood (Wermers et al. 1997),
the clinical presentation has changed over the
past 30 years from an uncommon but highly
symptomatic disorder involving renal stones and
bone disease (osteitis fibrosa cystica) to a



common but relatively asymptomatic condition
(Silverberg and Bilezikian 2001). Typically,
cortical bone (for example, in the distal forearm)
is affected to a greater extent than trabecular
bone (for example, in the spine) in primary
hyperparathyroidism (Silverberg et al. 1989). It
is presumed that the reduction in bone mass is
associated with the increased risk of fracture seen
in these patients (Khosla and Melton 2002).
Diseases that reduce intestinal absorption of
calcium and phosphorus, or impair the
availability of vitamin D, can also cause bone
disease. Moderate malabsorption results in
osteoporosis, but severe malabsorption may
cause osteomalacia (see below). Celiac disease,
due to inflammation of the small intestine by
ingestion of gluten, is an important and
commonly overlooked cause of secondary
osteoporosis (Bianchi and Bianchi 2002).
Likewise, osteoporosis and fractures have been
found in patients following surgery to remove
part of the stomach (gastrectomy), especially in
women. Bone loss is seen after gastric bypass
surgery even in morbidly obese women who do
not have low bone mass initially (Coates et al.
2004). Increased osteoporosis and fractures are
also seen in patients with Crohn’s disease and
ulcerative colitis (Bernstein et al. 2000).
Glucocorticoids, commonly used to treat both
disorders, probably contribute to the bone loss.
Similarly, diseases that impair liver function
(primary biliary cirrhosis, chronic active
hepatitis, cirrhosis due to hepatitis B and C, and
alcoholic cirrhosis) may result in disturbances
in vitamin D metabolism and may also cause
bone loss by other mechanisms. Primary biliary
cirrhosis is associated with particularly severe
osteoporosis. Fractures are more frequent in
patients with alcoholic cirrhosis than any other
types of liver disease, although this may be
related to the increased risk of falling among
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heavy drinkers (Crawford et al. 2003). Human
immunodeficiency virus (HIV) infected patients
also have a higher prevalence of osteopenia or
osteoporosis (Brown et al. 2004). This may
involve multiple endocrine, nutritional, and
metabolic factors and may also be affected by
the antiviral therapy that HIV patients receive
(Thomas and Doherty 2003).

Autoimmune and allergic disorders are
associated with bone loss and increased fracture
risk. This is due not only to the effect of
immobilization and the damage to bone by the
products of inflammation from the disorders
themselves, but also from the glucocorticoids
that are used to treat these conditions (Lien et
al. 2003, Orstavik et al. 2004). Rheumatic diseases
like lupus and rheumatoid arthritis have both
been associated with lower bone mass and an
increased risk of fractures. A study found that
12 percent of women with systemic lupus
erythematosus reported at least one fracture
since the onset of disease, a 4.7-fold higher risk
of fracture than for the typical woman. Fractures
in these women were found to be associated with
the following: older age at diagnosis, longer
disease duration, longer duration of steroid use,
and post-menopausal status (Ramsey-Goldman
et al. 1999, Haugeberg et al. 2003).

Many neurologic disorders are associated
with impaired bone health and an increased risk
of fracture (Whooley, Kip et al. 1999; Lloyd,
Spector et al. 2000). This may be due in part to
the effects of these disorders on mobility and
balance or to the effects of drugs used in treat-
ing these disorders on bone and mineral metabo-
lism. Unfortunately, however, health care pro-
viders often fail to assess the bone health of pa-
tients who have these disorders or to provide
appropriate preventive and therapeutic measures.
For example, patients with stroke, spinal cord in-
jury, or neurologic disorders show rapid bone loss
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in the affected areas (Dauty, Perrouin Verbe et
al. 2000; Poole, Reeve et al. 2002; Tuzun, Altintas
etal. 2003). There are many disabling conditions
that can lead to bone loss, and thus it is important
to pay attention to bone health in patients with
developmental disabilities, such as cerebral palsy,
as well as diseases affecting nerve and muscle, such
as poliomyelitis and multiple sclerosis. Children
and adolescents with these disorders are unlikely
to achieve optimal peak bone mass, due both to
an increase in bone resorption and a decrease in
bone formation. In some cases very rapid bone
loss can produce a large enough increase in blood
calcium levels to produce symptoms (Carey and
Raisz 1985; Go 2001). Fractures are common in
these individuals not only because of bone loss,
but also because of muscular weakness and neu-
rologic impairment that increases the likelihood
of falls. Bone loss can be slowed—but not com-
pletely prevented—by antiresorptive therapy
(Sato, Asoh et al. 2000). Epilepsy is another neu-
rologic disorder that increases the risk of bone
disease, primarily because of the adverse effects
of anti-epileptic drugs. Many of the drugs used
in epilepsy can impair vitamin D metabolism,
probably by acting on the liver enzyme which
converts vitamin D to 25 hydroxy vitamin D
(Farhat, Yamout et al. 2000, Sheth 2002). In ad-
dition, there may be a direct effect of these agents
on bone cells. Due to the negative bone-health
effects of drugs, most epilepsy patients are at risk
of developing osteoporosis. In those who have low
vitamin D intakes, intestinal malabsorption, or
low sun exposure, the additional effect of anti-
epileptic drugs can lead to osteomalacia. Supple-
mental vitamin D may be effective in slowing
bone loss, although patients who develop os-
teoporosis may require additional therapy such
as bisphosphonates.

Psychiatric disorders can also have a negative
impact on bone health. While anorexia nervosa
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is the psychiatric disorder that is most regularly
associated with osteoporosis, major depression,
a much more common disorder, 1s also associated
with low bone mass and an increased risk of
fracture (Coelho, Silva et al. 1999; Cizza, Ravn
et al. 2001; Robbins, Hirsch et al. 2001). Many
studies show lower BMD in depressed patients
(Michelson et al. 1996). In addition, one large
study found an increased incidence of falls and
fractures among depressed women, even though
there was no difference between their BMD and
that of non-depressed women included in the
study (Whooley, Kip et al. 1999). Higher scores
for depressive symptoms have also been reported
in women with osteoporosis. Yet what these
studies do not make clear is whether major
depression causes low BMD and increased
fracture risk, or whether the depression is a
consequence of the diminished quality of life and
disability that occurs in many osteoporotic
patients. One factor that may cause bone loss in
severely depressed individuals is increased
production of cortisol, the adrenal stress
hormone. Whatever the cause of low BMD and
increased fracture risk, measurement of BMD is
appropriate in both men and women with major
depression. While the response of individuals
with major depression to calcium, vitamin D, or
antiresorptive therapy has not been specifically
documented, it would seem reasonable to
provide these preventive measures to patients at
high risk.

Finally, several diseases that are associated
with osteoporosis are not easily categorized.
Aseptic necrosis (also called osteonecrosis or
avascular necrosis) is a well-known skeletal
disorder that may be a complication of injury,
treatment with glucocorticoids, or alcohol abuse
(Pavelka 2000). This condition commonly affects
the ends of the femur and the humerus. The
precise cause is unknown, but at least two theories



have been suggested. One is that blood supply to
the bone is blocked by collapsing bone. The other
is that microscopic fat particles block blood flow
and result in bone cell death. Chronic obstructive
pulmonary disease (emphysema and chronic
bronchitis) is also now recognized as being
associated with osteoporosis and fractures even
in the absence of glucocorticoid therapy.
Immobilization is clearly associated with rapid
bone loss; patients with spinal cord lesions are at
particularly high risk for fragility fractures (Kiratli
2001). However, even modest reductions in
physical activity can lead to bone loss (see Chapter
6). Hematological disorders, particularly
malignancies, are commonly associated with
osteoporosis and fractures as well. These are
discussed in more detail later in the chapter.

Medications and Therapies That Can Cause
Osteoporosis

Osteoporosis can also be a side effect of
particular medical therapies (Table 3-2).

Table 3-2. Medications
Associated With
Secondary
Osteoporosis

Anticoagulants (heparin)

Anticonvulsants

Cyclosporine A and Tacrolimus

Cancer Chemotherapeutic Drugs
Glucocorticoids (and ACTH)
Gonadotropin-releasing Hormone Agonists
Lithium

Methotrexate

Parenteral Nutrition

Thyroxine
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Glucocorticoid-Induced Osteoporosis
(GIO). GIO is by far the most common form
of osteoporosis produced by drug treatment.
While it has been known for many years that
excessive production of the adrenal hormone
cortisol can cause thinning of the bone and
fractures, this condition, a form of Cushing’s
syndrome, remains uncommon. With the
increased use of prednisone and other drugs
that act like cortisol for the treatment of many
inflammatory and autoimmune diseases, this
form of bone loss has become a major clinical
concern. The concern is greatest for those
diseases in which the inflammation itself and/
or the immobilization caused by the illness also
caused increased bone loss and fracture risk.
Glucocorticoids, which are used to treat a wide
variety of inflammatory conditions (e.g.,
rheumatoid arthritis, asthma, emphysema,
chronic lung disease), can cause profound
reductions in bone formation and may, to a lesser
extent, increase bone resorption (Saag 2002),
leading to loss of trabecular bone at the spine
and hip, especially in postmenopausal women
and older men. The most rapid bone loss occurs
early in the course of treatment, and even small
doses (equivalent to 2.5-7.5 mg prednisone per
day) are associated with an increase in fractures
(van Staa et al. 2002). As shown in Figure 3-4,
the risk of fractures increases rapidly in patients
treated with glucocortocoids, even before much
bone has been lost. This rapid increase in fracture
risk is attributed to damage to the bone cells,
which results in less healthy bone tissue. To
avoid this problem, health care providers are
urged to use the lowest possible dose of
glucocorticoids for as short a time as possible.
For some diseases, providers should also consider
giving glucocorticoids locally (e.g., asthma
patients can inhale them), which results in much
less damage to the bone.
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Figure 3-4. Rapid Increase in Vertebral Fracture Rates in Patients
Treated With Glucocorticoids
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Note: Before glucocorticoid treatment was started, the rate of fractures was less than 0.2% per
year. On the higher doses (more than 7.5 mg of prednisone or equivalent per day) the rate increased
at least four fold by 6 months, and there was a significant increase even on doses of 2.5 to 5 mg/day.
Non-vertebral fractures also showed an increase which began in the first 3 months of treatment.

Source: van Staa et al. 2002.

Other Medications That Can Cause
Osteoporosis. Cyclosporine A and tacrolimus are
widely used in conjunction with glucocorticoids
to prevent rejection after organ transplantation,
and high doses of these drugs are associated with
a particularly severe form of osteoporosis (Cohen
and Shane 2003). Bone disease has also been
reported with several frequently prescribed
anticonvulsants, including diphenylhydantoin,
phenobarbital, sodium valproate, and
carbamazepine (Stein and Shane 2003). Patients
who are most at risk of developing this type of
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bone disease include those on long-term therapy,
high medication doses, multiple anticonvulsants,
and/or simultaneous therapy with medications
that raise liver enzyme levels. Low vitamin D
intake, restricted sun exposure, and the presence
of other chronic illnesses increase the risk,
particularly among elderly and institutionalized
individuals. In contrast, high intakes of vitamin
A (retinal) may increase fracture risk
(Michaelsson et al 2003). Methotrexate, a folate
antagonist used to treat malignancies and (in
lower doses) inflammatory diseases such as



rheumatoid arthritis, may also cause bone loss,
although research findings are not consistent. In
addition, gonadotropin-releasing hormone
(GnRH) agonists, which are used to treat
endometriosis in women and prostate cancer in
men, reduce both estrogen and testosterone
levels, which may cause significant bone loss and
tragility fractures (Smith 2003).

Rickets and Osteomalacia

Rickets (which affects children) and
osteomalacia (which affects adults) are
relatively uncommon diseases in the United
States, since they can generally be prevented
by ensuring adequate levels of vitamin D.
These diseases can have devastating
consequences to those who get them (Chesney
2001, Pettifor 2002 and 2003).

A number of childhood diseases cause
rickets, a condition that results from a delay in
depositing calcium phosphate mineral in
growing bones, thus leading to skeletal
deformities, especially bowed legs. In adults,
the equivalent disease is called osteomalacia.
Since longitudinal growth has stopped in
adults, deficient bone mineralization does not
cause skeletal deformity but can lead to
fractures, particularly of weight-bearing bones
such as the pelvis, hip, and feet. Even when
there is no fracture, many patients with rickets
and osteomalacia suffer from bone pain and can
experience severe muscle weakness.

Rickets and osteomalacia are typically caused
by any of a variety of environmental
abnormalities. While rare, the disorder can also
be inherited (Drezner 2003) as a result of
mutations in the gene producing the enzyme that
converts 25-hydroxy vitamin D to the active
form, 1,25-dihydroxy vitamin D, or in the gene
responsible for the vitamin D receptor.
Osteomalacia can also be caused by disorders
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that cause marked loss of phosphorus from the
body. This can concur as a congenital disorder
or can be acquired in patients who have tumors
that produce a protein that affects phosphorus
transport in the kidney.

Since vitamin D is formed in the skin by
sunlight, the most common cause is reduced sun
exposure. This is particularly important in
northern latitudes where the winter sun does not
have the power to form vitamin D in the skin.
Thus the disease is often seen in individuals
living at northern latitudes, particularly
immigrants who have pigmented skin that
decreases the formation of vitamin D or who
habitually cover themselves. This problem can
also occur in children who are confined indoors
and in individuals who are house-bound (e.g.,
due to chronic ill health or frailty). Patients with
diseases of the gastrointestinal tract, such as
gastrectomy, malabsorption syndromes, and
small bowel resection, are also at higher risk,
since these conditions reduce vitamin D
absorption from the diet.

There is also a second form of rickets and
osteomalacia that is caused by phosphate
deficiency. This condition can be inherited (this
is known as X-linked hypophosphatemic
rickets), but it is more commonly the result of
other factors. Individuals with diseases affecting
the kidney’s ability to retain phosphate rapidly
are at risk of this condition, as are those with
diseases of the renal tubule that affect the site of
phosphate reabsorption. While most foods are
rich in phosphate, phosphate deficiency may also
result from consumption of very large amounts
of antacids containing aluminum hydroxide,
which prevents the absorption of dietary
phosphate. Finally, rickets due to phosphate
deficiency may occur in individuals with
acquired or inherited defects in acid secretion
by the kidney tubule and those who take certain
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drugs (Table 3-3) that interfere with phosphate
absorption or the bone mineralization process.

There are also patients who develop tumors
that secrete a factor that causes loss of phosphate
from the body. This condition is called tumor-
induced or oncogenic osteomalacia.

Table 3-3. Causes of Drug-
Induced Rickets/
Osteomalacia

Drugs resulting in hypocalcemia

Inhibitors of vitamin D formation or
intestinal absorption

Sunscreens
Cholestyramine

Increased catabolism of vitamin D or
its metabolites

Anticonvulsants

Drugs resulting in hypophosphatemia

Inhibitors of intestinal
phosphate absorption
* Aluminum-containing
antacids
Impaired renal phosphate
reabsorption
*Cadmium
*Ifosfamide
*Saccharated ferric oxide

Direct impairment of mineralization

Parenteral aluminum
Fluoride
Etidronate

Source: Pettifor 2003. Reproduced
from ] Bone Miner Res 1998: May;
13(5): 763-73 with permission of
the American Society for Bone
and Mineral Research.
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Renal Osteodystrophy

Patients with chronic renal disease are not
only at risk of developing rickets and
osteomalacia (Elder 2002), but they are also at
risk of a complex bone disease known as renal
osteodystrophy (Cunningham et al. 2004). This
condition is characterized by a stimulation of
bone metabolism caused by an increase in
parathyroid hormone and by a delay in bone
mineralization that is caused by decreased
kidney production of 1,25-dihydroxyvitamin
D. In addition, some patients show a failure of
bone formation, called adynamic bone disease.
As a result of this complexity, bone biopsies
are often needed to make a correct diagnosis
(Martin et al. 2004). By the time the patient
progresses to end-stage renal failure, clinical
manifestations of the disease appear, including
bone cysts that result from stimulation of
osteoclasts by the excess parathyroid hormone.
While dialysis can significantly extend the life-
expectancy of patients with chronic renal
tailure, it does nothing to prevent further
progression of the osteodystrophy. In fact, the
managing of the patient through dialysis may lead
to further bone abnormalities that become
superimposed on the underlying osteodystrophy,
thus increasing the risk of fractures (Alem et al.
2000). While a renal transplant (offered to a
growing number of patients on dialysis) may
reverse many features of renal osteodystrophy,
the use of antirejection medication in transplant
patients may cause bone loss and fractures.

Paget’s Disease of Bone
Paget’s disease of bone (Siris and Roodman
2003) is a progressive, often crippling disorder
of bone remodeling (see Chapter 2) that
commonly involves the spine, pelvis, legs, or
skull (although any bone can be affected). If
diagnosed early, its impact can be minimized.



Individuals with this condition experience an
increase in bone loss at the affected site due to
excess numbers of overactive osteoclasts. While
bone formation increases to compensate for the
loss, the rapid production of new bone leads to
a disorganized structure. The resulting bone is
expanded in size and associated with increased
formation of blood vessels and connective tissue
in the bone marrow. Such bone becomes more
susceptible to deformity or fracture (Figure 3-
5). Depending on the location, the condition
may produce no clinical signs or symptoms, or
it may be associated with bone pain, deformity,
fracture, or osteoarthritis of the joints adjacent
to the abnormal bone. Paget’s disease of bone
can also cause a variety of neurological
complications as a result of compression of
nerve tissue by pagetic bone. In very rare cases
(probably less than 1 percent of the time) the
disease is complicated by the development of
an osteosarcoma.

Although Paget’s disease is the second most
common bone disease after osteoporosis (see
Chapter 4), many questions remain regarding
its pathogenesis. There is a strong familial
predisposition for Paget’s disease, but no single
genetic abnormality has been identified that can
explain all cases. Paget’s disease can be
transmitted (or inherited) across generations in
an affected family; 15-40 percent of patients
have a relative with the disorder (Morales-Piga
et al. 1995). Studies in the United States (Siris
et al. 1991) suggest that a close relative of a
pagetic patient is seven times more likely to
develop Paget’s disease than is someone who
does not have an affected relative. However,
environmental factors are likely play a role in
the majority of cases. For example, some studies
have suggested that Paget’s disease may result
from a ”"slow virus” infection with measles

(Friedrichs et al. 2002).
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Paget’s Disease of Bone

Paget’s disease may present in many
different ways since it can affect bones
throughout the body. A typical case might
be a man in his 60s who complains to his
doctor of pain in the hip. The doctor might
tell him he has arthritis and suggest that he
take ibuprofen or acetaminophen (Tylenol).
Then, several years later, a routine screening
may show a high alkaline phosphatase level.
This test would then prompt use of a bone
scan and radiographs, which would finally
show Paget’s disease of his femur and pelvic
bone. Unfortunately, by this time the man
likely has developed some bowing of the leg
and suffered damage to the joints, neither of
which can be reversed by treatment.
However, treatment with a bisphosphonate
can stop the progression of the disease. As a
result, the man lives the rest of his life with
some pain and he walks with a limp. Not
surprisingly, the man, his family, and his
doctor all wish that the diagnosis had been
made earlier. Since Paget’s disease runs in
tamilies, they decide to test the man’s
relatives. These tests show that the man’s
younger brother has a similar problem. He
is treated immediately and no deformities
ever develop.

Developmental Skeletal Disorders

Alarge number of genetic and developmental
disorders affect the skeleton. Among the more
common and more important of these is a group
of inherited disorders referred to as osteogenesis
imperfecta or OI (Whyte 2003, Rauch and
Glorieux 2004). Patients with this condition have
bones that break easily (therefore, the condition
is also known as brittle bone disease). There are
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skull enlargement.

Figure 3-5. Paget's Disease of Bone

Note: On left, radiograph of humerus showing pagetic change in the distal
half, with cortical thickening, expansion, and mixed areas of lucency and
sclerosis, contrasted with normal bone in the proximal half. On right, drawing
of Sir James Paget's first patient, published in his original paper,
demonstrating the characteristic appearance that occurs with severe disease:

1) kyphosis (curvature) of the spine, 2) tibial thickening and bowing, 3)
bowing of the femur and tibia in the leg, 4) increase in hat size indicative of

Sources: Favus 2003, Reproduced from Primer on the metabolic bone
diseases and disorders of mineral metabolism, 5th ed., Washington,
D.C.: 2003, with permission of the American Society for Bone and

Mineral Research. Paget 1877.

a number of forms of OI (see Table 3-4) that
result from different types of genetic defects or
mutations. These defects interfere with the
body’s production of type I collagen, the
underlying protein structure of bone. As
illustrated in Table 3-4, most, but not all, forms
of OI are inherited. The disease manifests
through a variety of clinical signs and symptoms,
ranging from severe manifestations that are
incompatible with life (that is, causing a
stillbirth) to a relatively asymptomatic disease.
However, most OI patients have low bone mass
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(osteopenia) and as a result suffer from recurrent
fractures and resulting skeletal deformities.
There are four main types of OI, which vary
according to the severity and duration of the
symptoms. The most common form (Type I) is
also the mildest version; and patients may have
relatively few fractures. The second mildest form
of the disease (which is called Type IV, because
it was the fourth type of OI to be discovered)
results in mild to moderate bone deformity, and
sometimes in dental problems and hearing loss.
These patients also sometimes have a blue,



purple, or gray discoloration in the whites of
their eyes, a condition known as blue sclera. A
more severe form of the disease (Type III) results
in relatively frequent fractures, and often in short
stature, hearing loss, and dental problems.
Finally, patients with the most severe form of
the disease (Type II) typically suffer numerous
fractures and severe bone deformity, generally
leading to early death.

Ol is not the only group of developmental
skeletal disorders. An even larger group of rare
diseases (sclerosing bone disorders) causes an
increase in bone mass (Whyte 2003). One of these,
osteopetrosis (marble bone disease), is more or
less the opposite of osteoporosis. Instead of
overactive osteoclasts, osteopetrosis results from
a variety of genetic defects that impair the ability
of osteoclasts to resorb bone. This interferes with
the normal development of the skeleton and leads
to excessive bone accumulation. Although such
bone is very dense, it is also brittle and thus
fractures often result. In addition, by compressing
various nerves, the excess bone in patients with
osteopetrosis may cause neurological symptoms,
such as deafness or blindness. These patients may
also suffer anemia, as blood-forming cells in the
bone marrow are “crowded out” by the excess
bone. Similar symptoms can result from over-
activity of these bone cells, as in fibrous dysplasia
where bone-forming cells produce too much
connective tissue.

Malignancy and the Skeleton

Some other skeletal disorders are not inher-
ited but rather develop only later in life. One of
the most common of these acquired skeletal dis-
orders is a tumor of the bone. Bone tumors can
originate in the bone (these are known as pri-
mary tumors) or, much more commonly, result
from the seeding of bone by tumors outside of
the skeleton (these are known as metastatic tu-
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Osteogenesis Imperfecta (Ol)

There is an enormous range of severity
in OI cases, from children who are stillborn
due to multiple fractures in the womb and
the inability to breathe, to children who
suffer a few fractures, to mild cases where
fractures do not occur until later in life, much
like in patients with osteoporosis.

One scenario that causes tremendous
hardship for the patient and the family is the
occurrence of multiple fractures in the first
few years of life in a child without the telltale
sign of OI—a blue color in the “whites” of
their eyes. Often the parents of these children
are accused of child abuse. While it may be
possible to make a diagnosis by analyzing the
child’s tissues, this expensive, difficult-to-
perform test is not widely available.
Typically, the frequency of fractures
decreases over time and may even stop
entirely at puberty. As an adult, an Ol patient
may be left with considerable deformity and
short stature, but he or she can generally
function well with the right environment and
support. When females with OI reach
menopause they sometimes start to fracture
again. Since treatment is now available, it is
important to identify OI patients at all stages
of life, and to alert family members of the
possibility that they may also be affected.
Pediatricians, orthopedists, emergency room
physicians, and others who see children with
fractures need to consider OI as a possible
cause, particularly in cases involving multiple
fractures or a family history of fractures.
These points are covered in detail in a recent

book (Chiasson et al. 2004).
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OI type
I

II

I

v

Osteogenesis Imperfecta (Ol)

Clinical features

Normal stature, little or no deformity,
blue sclerae, hearing loss in about 50%
of individuals. Dentinogenesis
imperfecta is rare and may distinguish a
subset

Lethal in the perinatal period, minimal
calvarial mineralization, beaded ribs,
compressed femurs, marked long bone

deformity, platyspondyly

Progressively deforming bones, usually
with moderate deformity at birth.
Sclerae variable in hue, often lighten
with age. Dentinogenesis imperfecta is
common, hearing loss is common.
Stature very short

Normal sclerae, mild to moderate bone
deformity, and variable short stature.
Dentinogenesis imperfecta is common,
and hearing loss occurs in some

Inheritance

AD

AD
(new
mutation)

AR (rare)

AD

AR

AD

Table 3-4. Clinical Heterogeneity and Biochemical Defects in

Biochemical defects

Decreased production of
type I procollagen.
Substitution for residue
other than glycine in
triple-helix of o, (I)

Rearrangements in the
COLA1 and COLA2
genes. Substitutions for
glycyl residues in the
triple-helical domain of
the o, (I) a,(I) chain.
Small deletion in o, (I) on
the background of a null
allele

Point mutations in the
o, (I) or a,(I) chain

Frameshift mutation that
prevents incorporation of
pro o,(I) into molecules
(noncollagenous defects)

Point mutations in the

o, (I) chain. Rarely point
mutations in the o, (I)
chain. Small deletions in
the o, (I) chain

AD, autosomal dominant; AR, autosomal recessive.

Source: Byers 2001.
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mors, since they have spread from elsewhere).
Both types of tumors can destroy bone, although
some metastatic tumors can actually increase
bone formation. Primary bone tumors can be
either benign (noncancerous) or malignant (can-
cerous). The most common benign bone tumor
is osteochondroma, while the most common
malignant ones are osteosarcoma and Ewing’s
sarcoma. Metastatic tumors are often the result
of breast or prostate cancer that has spread to
the bone (Coleman 2001). These may destroy
bone (osteolytic lesion) or cause new bone for-
mation (osteoblastic lesion). Breast cancer me-
tastases are usually osteolytic, while most pros-
tate cancer metastases are osteoblastic, though
they still destroy bone structure (Berruti et al.
2001). Many tumor cells produce parathyroid
hormone related peptide, which increases bone
resorption (Bryden et al. 2002). This process of
tumor-induced bone resorption leads to the re-
lease of growth factors stored in bone, which in
turn increases tumor growth still further.

Bone destruction also occurs in the vast ma-
jority (over 80 percent) of patients with another
type of cancer, multiple myeloma, which is a
malignancy of the plasma cells that produce an-
tibodies (Berenson 2002). The myeloma cells
secrete cytokines (see Chapter 2), substances that
may stimulate osteoclasts and inhibit osteoblasts
(Roodman 2001, Tian et al. 2003). The bone
destruction can cause severe bone pain, patho-
logic fractures, spinal cord compression, and life-
threatening increases in blood calcium levels
(Callander and Roodman 2001). A benign form
of overproduction of antibodies, called mono-
clonal gammopathy, may also be associated with
increased fracture risk (Melton et al. 2004).

Bone Health and Osteoporosis

Bone-resorbing cytokines are also pro-
duced in acute and chronic leukemia, Burkitt’s
lymphoma, and non-Hodgkins’s lymphoma;
patients with these chronic lymphopro-
liferative disorders often have associated os-
teoporosis. Both osteoporosis and osteosclero-
sis (thickening of trabecular bone) have been
reported in association with systemic masto-
cytosis, a condition of abnormal mast cell pro-
liferation (Schneider and Shane 2001). In ad-
dition, there are other infiltrative processes
that affect bone, including infections and mar-
row fibrosis (myelofibrosis).

Oral Health and Bone Disease

Oral bone, like the rest of the skeleton,
comprises both trabecular and cortical bone
and undergoes formation and resorption
throughout the life span. When oral bone loss
exceeds gain, it can cause a loss of tooth-an-
choring support or it can diminish the remain-
ing ridge in those areas where partial or com-
plete tooth loss has occurred.

The prevalence of oral bone loss is signifi-
cant among adult populations worldwide, and it
increases with age for both sexes. Oral bone loss
and attendant tooth loss are associated with es-
trogen deficiency and osteoporosis. As a conse-
quence, 0Steoporosis or osteopenia in postmeno-
pausal women may have an impact on the need
for, and the outcomes from, a variety of peri-
odontal and prosthetic procedures, including
guided tissue regeneration and tooth implanta-
tion. Furthermore, it is possible that oral exami-
nation and radiographic findings may be useful
signs of extra-oral bone loss (Jeffcoat et al. 2000,
Geurs et al. 2000).
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Key Questions for Future
Research

The major diseases of bone have been
broadly characterized, but many questions
remain unanswered, as outlined below:

Within the spectrum of clinical disorders
that represent “primary osteoporosis,”
are there differences in the mechanisms
that lead to bone loss and bone fragility?
What implications do these differences
have for diagnosis and treatment?

How do the environmental and genetic
determinants of bone mass and strength
interact in individuals with certain
diseases? For example, are there genetic
differences in the response to estrogen or
calcium deficiency that affect their

Chapter 3

relative importance in the pathogenesis
of osteoporosis?

Are the animal studies on the role of
cytokines relevant to human disease?
What are the implications of research on the
pathogenetic mechanisms for diseases other
than osteoporosis? For example, further
research on Paget’s disease could uncover
more about the ways in which excessive
osteoclastic bone resorption can occur.
What is the role of phosphate in bone
mineralization?

How is bone affected in patients who
have cancer? What implications do
these changes have with respect to both
the spread of the cancer and to other
skeletal disorders?
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Part Two

WHAT IS THE STATUS OF BONE
HEALTH IN AMERICA?

To provide an answer to this question, this part of the report describes
the magnitude and scope of the problem from two perspectives. The first
is the prevalence of bone disease within the population at large, and the
second is the burden that bone diseases impose on society and those who
suffer from them.

Chapter 4 provides detailed information on the incidence and
prevalence of osteoporosis, fractures, and other bone diseases. Osteoporosis
is by far the most common bone disease, although other related bone
diseases are important as well. Where available, the chapter also provides
data on bone disease in men and minorities. While older White women
are clearly at risk, bone disease can strike anyone, at any age, including
men, premenopausal women, and ethnic minorities. Chapter 4 also offers
some chilling projections for the future prevalence of bone disease, citing
forecasts of significant increases in the prevalence of both osteoporosis
and fractures, and a steep rise in the costs of caring for bone disease.

Chapter 5 examines the costs of bone diseases and their effects on well-
being and quality of life both from the point of view of the individual
patient and society at large. While bone disease seldom leads directly to
death, it can start a downward spiral in physical and mental health that
has a dramatic impact on an individual’s functional status and quality of
life. All too often this downward spiral concludes with premature death.
To illustrate the burden of bone diseases, the chapter includes real-life
vignettes that describe the terrible impact that osteoporosis, Paget’s disease,
osteogenesis imperfecta, and other related bone diseases can have on those
who suffer from them and their family members.
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The biggest problem created by bone
disease, especially osteoporosis, is
fractures, which may be the first visible
sign of disease in patients. Each year an
estimated 1.5 million individuals suffer
a fracture due to bone disease.

The risk of a fracture increases with age
and is greatest in women. Roughly 4 in
10 White women age 50 or older in the
United States will experience a hip,
spine, or wrist fracture sometime during
the remainder of their lives. Looking
ahead, the lifetime risk of fractures will
increase for all ethnic groups as people
live longer.

Osteoporosis is the most common cause
of fractures. Roughly 10 million
individuals over age 50 in the United
States have osteoporosis of the hip. An
additional 33.6 million individuals over
age 50 have low bone mass or
“osteopenia” of the hip and thus are at
risk of osteoporosis and its potential
complications later in life.

Due primarily to the aging of the
population, the prevalence of
osteoporosis and low bone mass is
expected to increase. By 2020, one in two
Americans over age 50 is expected to have
or be at risk of developing osteoporosis
of the hip; even more will be at risk of
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developing osteoporosis at any site in the
skeleton.

Osteoporosis does not affect everyone to
the same degree. Women, especially
older women, are more likely to get the
disease than are men. An estimated 35
percent of postmenopausal White
women have osteoporosis of the hip,
spine, or distal forearm. That said, men,
especially elderly men, can and do get
osteoporosis.

The age-adjusted prevalence of
osteoporosis and the rate of hip fracture
are lower in Black women than in White
women in the United States. The
prevalence of osteoporosis in Hispanic
and Asian women is similar to that found
in White women, and the incidence of
hip fractures among Hispanic women in
California appears to be on the rise.
However, it is important to remember
that osteoporosis is a real risk for any
aging man or woman.

Much less is known about the frequency
of most other skeletal diseases, due in part
to underdiagnosis and underreporting.
Some data, however, are available. An
estimated one million individuals in the
United States have Paget’s disease, while
roughly 20,000 to 50,000 Americans may
have OI.
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Chapter 4

THE FREQUENCY OF BONE DISEASE

While they may not get as much attention as
heart disease, cancer, and other major diseases,
bone diseases are common in the United States,
especially among the elderly, and they take a
large toll on the Nation’s overall health status.
Fractures are the biggest problem associated with
bone disease; they are common, costly, and
become a chronic burden on both individuals
and society. Osteoporosis is a leading underlying
cause of fractures, especially among the elderly.
It affects both sexes and all races, although to
varying degrees. The reason for the disease’s
high prevalence is relatively simple—almost
everyone loses bone as they grow older. Other
bone disorders, such as Paget’s disease of bone,
hyperparathyroidism, osteogenesis imperfecta,
rickets, and osteomalacia are much less common.
Like osteoporosis, these diseases also have
adverse effects on bone strength and fracture risk
by affecting bone density, bone turnover, or
bone structure. Although some bone diseases
lead to pain and deformity, most adverse effects
relate to fractures.

This chapter reviews the most recent
evidence related to the occurrence of fractures
and bone diseases in the community. The
following chapter deals with the burden caused
by these fractures and diseases, including the
most common complications that may ensue,
such as physical disability, depression, a reduced
quality of life, and potentially death. The

following chapter also discusses the large costs
associated with fractures and bone disease.

Fractures Caused by Bone
Disease

Fractures are by far the biggest problem
caused by bone disease. They are common and
can be quite debilitating. In many cases they are
the first sign of the disease in patients.
Incidence of Fractures

An estimated 1.5 million individuals suffer a
fracture caused by bone disease annually (Riggs
and Melton 1995, Chrischilles et al. 1991). In fact,
fractures are the most common musculoskeletal
condition requiring hospitalization among
Medicare enrollees (who are age 65 and older).
Approximately one-third (500,000) of fracture
patients are hospitalized (see Table 5-1 in
Chapter 5 for more details), while many more
suffer fractures that do not require or result in
hospitalization.

The risk of fracture increases dramatically
with age in both sexes, both because bones
become more fragile and the risk of falling
increases. Roughly one in four (24 percent)
women age 50 or older fall each year, compared
to nearly half (48 percent) of women age 85 or
older; comparable figures for men are 16 percent
and 35 percent (Winner et al. 1989). These falls
can result in fractures, and when they do the
fracture is almost always caused by low bone

The Frequency of Bone Disease 69



A Report of the Surgeon General

mass or osteoporosis. (See next section for more
on osteoporosis and low bone mass.)

Another way to examine the frequency of
fractures is to consider the chances of
experiencing one or more of them during a
lifetime of average length. What is clear from
this analysis is that a substantial portion of the
population faces a serious risk. As illustrated in
Table 4-1, roughly 4 in 10 White women age 50
or older in the United States will experience a
hip, spine, or wrist fracture sometime during the
remainder of their lives; 13 percent of White men
in this country will suffer a similar fate
(Cummings and Melton 2002). Figures for men
are lower due to their shorter life expectancy and
lower fracture incidence rates. However, these
data do not include other fractures (e.g., of the
upper arm, pelvis, lower leg, ribs); if all fractures
are included, the overall lifetime risk of fracture
is even greater. Hip fractures are the most serious
threat, as 17 percent of White women and 6
percent of White men age 50 and older will suffer
a hip fracture sometime during the remainder
of their life. The lifetime risks of clinically
diagnosed spine fractures in these populations
are 16 percent and 5 percent, respectively, and
16 percent and 2 percent for wrist fractures
(Cummings and Melton 2002). The lifetime risk

for nonwhites is less across all of these fracture
types.

Looking ahead, the lifetime risk of fractures
will increase for all groups as people live longer.
An analysis in Sweden, for example, found that
increasing life expectancy significantly increased
the lifetime risk of hip fracture, from 14 percent
to 23 percent in women and from 5 percent to
11 percent in men (Oden et al. 1998). If incidence
rates were to rise by just 1 percent annually in
Sweden, the lifetime risk of hip fracture could
increase still further, to 35 percent in women and
17 percent in men. Of course, most hip fractures
occur in the elderly and thus affect individuals
only late in life. Other types of fractures are more
likely to strike younger. For example, wrist and
other limb fractures are ten times more common
than are hip fractures among women who have
just gone through menopause (Cooper and
Melton 1992).

Although fractures of the upper arm, pelvis,
and some other sites are more common in the
elderly, the fractures most closely associated
with bone disease are those of the hip (proximal
femur), spine (vertebrae), and wrist (distal
forearm). The annual incidence of hip fractures
increases dramatically with age, from just 2
fractures per 100,000 among White women

Table 4-1. Lifetime Risk of Fracture at Age 50 Years
Type of fracture White women White men
Hip (%) 17.5 6.0
Vertebra(%) 15.6 5.0
Forearm (%) 16.0 2.5
Any of the three (%) 39.7 13.1

Source: Cummings and Melton 2002.
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under age 35 to over 3,000 fractures per 100,000
among White women age 85 and older (Figure 4-
1). Hospital discharge rates for hip fractures per
1,000 Medicare enrollees increased by 9.2 percent
between 1992 and 1999, and then fell by 5.5
percent from 1999 to 2001 (Dartmouth 2004).
Although achieved over a short time interval, this
recent decline in hip fracture incidence is
consistent with falling hip fracture rates that have
been observed among White women in California
(Zingmond et al. 2004). While the reasons for this
decline are not entirely clear, it could potentially
be due to the use of new therapies, e.g.,
pharmaceuticals, as discussed in Chapter 9.
Nevertheless, even with modest reductions in the
incidence rate of fractures (i.e., the number of
fractures per 1,000 Medicare enrollees), the total
number of hip fractures will likely increase
significantly over the next 20-50 years due to the
aging of the population. In other words, a modest
decline in fracture rates per 1,000 Medicare
enrollees will be overwhelmed by the growth in
(and aging of) the overall Medicare population.
The only way to realize meaningful reductions
in the absolute number of hip fractures is to
significantly reduce hip fracture rates, as outlined
in the Healthy People 2010 goals. These goals call
for more than a 50 percent reduction in the hip
fracture rates for females and a 20 percent decrease
for males (see Table 1-1 for more details). Hip
fracture incidence in men is about half that in
women at any given age. Since there are fewer
elderly men than there are women (due to
shorter life expectancy), women account for 80
percent of all hip fractures (Cooper and Melton
2002). The greater risk of hip fractures in elderly
women has been attributed both to their lower
bone density compared to men as well as to their
high risk of falling.

There is no generally accepted definition of
a spine fracture (Genant and Jergas 2003), and
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estimates of the overall prevalence of spine
fractures in postmenopausal women vary widely
depending on the definition used (Black et al.
1991). Although experts do not always agree
with the morphometric classification of specific
patients, x-ray readings suggest that an estimated
20-25 percent of postmenopausal White women
have at least one moderately deformed vertebra
(Grados etal. 2004), while about 10 percent have
the more severe spine fractures that are most
likely to produce symptoms (see below). Most
studies also show that the prevalence of spine
fractures is similar in middle-aged women and
men, but some of those in men may not be due
to osteoporosis but rather to job-related injuries
or trauma (O’Neill et al. 1996). It is important
to remember, however, that the incidence of
clinically diagnosed spine fractures (i.e., those
diagnosed by a physician after a patient
complains of symptoms) is much less than the
incidence rates suggested by vertebral
morphometry. In a recent study from Sweden,
only 23 percent of vertebral deformities in
women were diagnosed clinically (Kanis et al.
2004). In other words, there are many “silent”
spine fractures that produce no obvious
symptoms to the patient. These silent fractures
may involve compression (or flattening or
crushing) of the vertebrae, can result in kyphosis
(curvature of the spine) and chronic back pain,
and may be associated with an increase in
morbidity.

Falls account for about one-fourth of the
spine fractures that come to clinical attention
(Cooper et al. 1992a); the majority of clinically
diagnosed spine fractures result from excess
stresses on the spine caused by everyday
activities (Myers and Wilson 1997). The
incidence of clinically recognized spine fractures
increases rapidly with age in both sexes (Figure
4-1). Since rates are higher among women, who
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Figure 4-1. Age Specific Incidence Rates for Proximal Femur (Hip),
Vertebral (Spine), and Distal Forearm (Wrist) Fractures
in Rochester, Minnesota, Men and Women
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Source: Cooper and Melton 1992.

also live longer, three-fourths of all spine
fractures are diagnosed in women (Cooper et al.
1992a).

Finally, wrist fractures tend to occur
among younger individuals with osteoporosis,
but these patients are at increased risk of a hip
fracture later in life (Klotzbuecher et al. 2000).
The incidence of wrist fracture rises little
with age among men (Figure 4-1), so most
distal forearm fractures are in women.
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Variations Across Ethnic Groups and
Geographic Regions

Fracture incidence in the United States is
usually highest for Whites and lower for other
ethnic groups (Melton and Cooper 2001,
Lauderdale et al. 1997). The lower incidence of
fractures among Blacks has generally been
explained by their greater bone mass. But
differences in bone mass fail to explain the lower
hip fracture rates observed in Hispanics and
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Figure 4-2.

A - Hip Fracture Incidence by Race/Ethnicity Among
Women 55 Years of Age and Older in California, 1983
to 2000.
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B - Hip Fracture Incidence by Race/Ethnicity Among Men
55 Years of Age and Older in California, 1983 to 2000.
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Figure 4-3. Ratio of Hip Fracture Rates to the U.S. Average (2001)

Ratio of Discharge Rates for
Hip Fracture to the U.S. Average
by Hospital Referral Region (2001)

national average.

Note: The actual variation for hip fractures is 0.47 to 1.36 per 1000 Medicare recipients, a three fold
difference from the lowest to the highest rate per 1000. The numbers in parentheses indicate the
number of Hospital Referral Regions (HRR's) with the specified ratio. Only two of the HRR's
were 30% or more above the national average, and only two regions were 25% or more below the
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Source: Dartmouth 2004.

Asians. One hypothesis for these lower fracture
rates is that Asians are less likely to fall (Davis et
al. 1999). Hip fracture hospitalization rates for
male and female non-Hispanic Whites, Blacks,
Hispanics, and Asians over age 50 were tracked
in New York City from 1988 to 2002. Females
were more likely to fracture than males across
all ethnic and racial minorities, and the risk of a
hip fracture in these minority groups was one-
third to one-half that of their White counterparts
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(Fang et al. 2004). This finding is consistent with
recent data from California, which also shows a
lower risk of fractures in minorities and men (see
Figure 4-2). However, in California, the State
with the largest population of Hispanic residents
in the United States, hip fracture incidence
increased among Hispanic women and men from
1983 to 2000, while it fell among non-Hispanic
White women during the same time period. The
magnitude of the decrease—almost 1 percent per



year—is similar to rates observed in White
women in Rochester, MN (Zingmond et al.
2004). As a consequence of these trends,
although the majority of hip fracture patients
continue to be non-Hispanic Whites, ethnic
minorities are an increasing proportion of all
cases encountered in California.

Spine fractures among Asians are about as
frequent as they are in Whites (Ross et al. 1995).
Few data are available for other ethnic groups.
Hospital admissions for spine fractures in the
United States are about four times greater for
elderly Whites than for Blacks (Jacobsen et al.
1992). Hospital admissions, however, may not
be a very accurate marker of spine fractures, as
few patients are actually admitted for spine
fractures. Also, African Americans and other
underserved groups may not have ready access
to hospital care. Likewise, spine fractures are less
frequent among Mexican-Americans as
compared to non-Hispanic White women (Bauer
and Deyo 1987). Forearm fractures are also less
common in Black and Asian populations (Chung
and Spilson 2001). Lower rates for Blacks than
Whites have also been reported for most other
types of fractures. Finally, although limited data
are available on the prevalence of osteoporosis
in the American Indian and Alaska Native
(AIAN) population, one study suggests that
fracture risk in AIAN women is similar to that
in White women (Siris et al. 2001).

Fracture rates tend to vary across countries
and regions within countries (Cummings and
Melton 2002). For example, wrist and hip
fracture rates in the United Kingdom are around
30 percent lower than in the United States.
However, hip fracture rates vary more than
sevenfold from one country to another within
Europe (Melton and Cooper 2001), and similar
variation has been observed for spine fractures
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(O’Neill et al. 1996). Differences in the
frequency of falls in different parts of Europe
may explain in part the difference in limb
fractures (Roy etal. 2002). Likewise, hip fracture
incidence differs among various Asian countries
(Lauderdale et al. 1997). Marked variation in
fracture incidence is seen even within specific
countries. As shown in Figure 4-3, hip fractures
in the United States are most prevalent in the
South (where hip bone density is lowest [Looker
et al. 1998]), with two areas of Texas having the
highest rates of fracture (Dartmouth 2004).
However, the incidence of arm fractures is
higher in the East and lower in the West (Karagas
et al. 1996).

Osteoporosis

Osteoporosis and osteopenia (see box) are by
far the most common causes of the fractures
discussed in the previous section (although other
bone diseases can cause fractures as well). In fact,
decreased bone density is an important risk factor
for fractures both in postmenopausal women
(Stone et al. 2003) and older men (Nguyen et al.
1996). A panel of experts judged that skeletal
fragility might be responsible for 80-95 percent
of hip and spine fractures in White women,
depending on age, along with 70-80 percent of
distal forearm fractures and 45-60 percent of
fractures at other skeletal sites (Melton et al.
1997). The comparable figures were less for
women of other races and for men. While the
risk of fracture is highest in those who have
osteoporosis, many more individuals with
osteopenia (low bone mass) are at increased risk
as well. In fact, an analysis of peripheral bone
mineral density (BMD) and fractures in over
200,000 women (The National Osteoporosis
Risk Assessment, or NORA, study) suggests that
at least half of all fragility fractures occur in this
low bone mass group (Siris et al. 2001).
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Figure 4-4. Projected Prevalence of Osteoporosis and/or Low
Bone Mass of the Hip in Women, Men, and Both Sexes,
50 Years of Age or Older
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National Center for Health Statistics, a part of the Centers for Disease Control and Prevention.
This survey is conducted on a nationally representative sample of Americans. As a part of
NHANES, bone mineral density of the hip was measured in 14,646 men and women over 20 years
of age throughout the United States from 1988 until 1994. These values were compared with the
WHO definitions to derive the percentage of individuals over the age of 50 who have osteoporosis
and low bone mass. These percentages were then applied to the total population of men and
women over the age of 50 to estimate the absolute number of males and females in the United
States with osteoporosis and low bone mass. Projections for 2010 and 2020 are based on population
forecasts for these years; they are significantly higher than current figures due to both the expected
growth in the overall population and the expected aging of the population.
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Source: NOF 2002.

Prevalence

As noted in the previous chapter, the World
Health Organization has defined osteoporosis, for
practical purposes, as a bone mineral
density(BMD) value more than 2.5 standard
deviations below the mean for normal young White
women. Based on this definition, it has been
estimated that roughly 10 million individuals over
age 50 in the United States have osteoporosis of
the hip, as shown in Figure 4-4 (NOF 2002, Looker
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1997, Looker 1998). (The precise number suffering
from the disease is difficult to determine, since bone
loss varies in the different parts of the skeleton
where bone mass is measured and definitions of
osteoporosis have not been developed for all
subpopulations.) An additional 33.6 million
individuals over age 50 have low bone mass or
“osteopenia” of the hip and they are at risk of

osteoporosis and its potential complications later
in life NOF 2002, Looker 1997, Looker 1998).



Due primarily to the aging of the population,
the prevalence of osteoporosis and low bone mass
is expected to increase to 12 million cases of
osteoporosis and 40 million cases of low bone
mass among individuals over the age of 50 by
2010, and to nearly 14 million cases of
osteoporosis and over 47 million cases of low
bone mass in individuals over that age by 2020
(NOF 2002). In other words, by 2020 one in two
Americans over age 50 is expected to have or to
be at risk of developing osteoporosis of the hip;
even more will be at risk of developing
osteoporosis at any site in the skeleton.

One problem in estimating the frequency of
osteoporosis is that many individuals may have
the disease but not know it. The National Health
and Nutrition Examination Survey (NHANES)
revealed that only 1 percent of men and 11
percent of women age 65 and older reported that
they had osteoporosis; testing at the hip showed
that four times as many men (4 percent) and 2.5
times as many women (26 percent) actually had
the disease (Table 4-2). In fact, more men (2
percent) reported a history of hip fracture than
reported a prior diagnosis of osteoporosis (1
percent); for women the figures were reversed,
6.1 percent and 11.1 percent, respectively. These
data for both men and women reveal not only
the underdiagnosis of osteoporosis but also the
failure to recognize that most hip fractures are
due, at least in part, to osteoporosis. The
likelihood of experiencing most other bone
diseases is lower. In fact, only about 1 percent
of the population age 45 and older has evidence
of Paget’s disease of bone and probably less than
1 percent has hyperparathyroidism (see below).

Variations Across Gender, Race, and Ethnicity

Osteoporosis does not affect everyone to the
same degree. Women, especially older women,
are much more likely to get the disease than are
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What Is Osteopenia?

The term “osteopenia” is used to define
individuals who have low bone mass and
some increased risk of fracture. Their bone
mass is not so low that they are deemed to
have osteoporosis. This classification is
similar to that used for people with high levels
of LDL (or so-called “bad”) cholesterol,
where individuals with values over 160 mg/
dl are deemed “high risk” and those between
130 and 160 mg/dl are deemed “moderate
risk.” The range defining osteopenia or low
bone mass is quite large, ranging from -1 to -
2.5 T-scores (that is, bone density levels that
are 1 to 2.5 standard deviations below the
average for young adults who have achieved
normal peak bone mass), which translates
into bone mass that is 10-30 percent below
this average level. Thus, osteopenia is not a
disease but rather a way of describing the
results of a measurement. Obviously, given
the wide range in this measurement, not
everyone with osteopenia is at the same risk
of fracture. Since individuals who are told
they have osteopenia may become
excessively concerned, providers should be
sure to frame the bone health issue in terms
of fracture risk. As emphasized elsewhere in
this report (see Chapter 8), BMD T-scores
are only one component of that risk, and
fracture risk may actually be quite low for
many people with osteopenia, particularly
younger individuals. To avoid causing
unnecessary alarm among patients, many
health care professionals prefer to avoid the
term “osteopenia,” instead telling patients
that they have “somewhat low bone mass”
and then explaining what that means in terms
of fracture risk and how the problem can best
be dealt with to minimize that risk.
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Table 4-2. Prevalence (per 100 persons) of Osteoporosis and Hip
Fracture in Persons 65 Years of Age and Older, by Gender
and Age: United States, 1988-1994

Self-reported Tested

85 years and over

Gender and age Hip fracture % | Osteoporosis % | Osteoporosis %
Male 2.3 1.3 3.8
65-74 years 21 1.3 2.0
75-84 years 2.4 1.3 6.4
85 years and over 41 1.6 13.7
Female 6.1 11.1 26.1
65-74 years 4.5 10.9 19.0
75-84 years 7.3 121 32.5
11.8 9.7 50.5

Source: Praemer et al. 1999. Published with permission from the

American Academy of Orthopaedic Surgeons.

men. In fact, women over age 50 accounted for
over 75 percent (7.8 million) of the total cases of
osteoporosis at the hip in 2002 (NOF 2002).
Women are more susceptible than men to
osteoporosis because they begin with less bone
mass and lose it at a somewhat faster rate. As
shown in Figure 4-5 (Looker et al. 1998), White
women lose one-third of their hip BMD between
the ages of 20 and 80, while White men lose only
a quarter during this time. These data on hip
BMD are from NHANES III, where a large
representative sample of the U.S. population was
assessed at a single point in time (cross-sectional
data). Bone loss in other parts of the body,
however, does not necessarily follow the same
pattern. For example, while bone loss from the
hip is approximately linear across adult life, bone
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loss in other parts of the skeleton begins around
the time of menopause in women and at a
comparable age or later in men (Melton et al. 2000).

Using the World Health Organization’s
definition, an estimated 35 percent of
postmenopausal White women have
osteoporosis of the hip, spine, or distal forearm
(Melton et al. 1998) and are at increased risk of
future fractures. Since bone mass decreases
slowly over time, it is no surprise that the
prevalence of osteoporosis (the proportion of the
population within a certain age range affected at
any given time) increases with age. NHANES
data show that the prevalence of osteoporosis at
the hip increases over tenfold among
postmenopausal White women, from 4 percent
in those between the ages of 50 and 59 to 52



Bone Health and Osteoporosis

Figure 4-5. Mean Bone Mineral Density of the Femoral Neck by
Age for U.S. Men and Women of Different

Racial/Ethnic Groups
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percent among those age 80 and older (Looker et
al 1997). The overall prevalence of osteoporosis
of the hip among postmenopausal White women
is 17 percent in NHANES, compared to 21
percent in Sweden (Kanis et al. 2000) and only 8
percent in Canada (Tenenhouse et al. 2000).
These variations may explain the differences in
hip fractures among women in these various
countries, with Swedish women being the most
likely to suffer fractures and Canadian women
the least (Melton and Cooper 2001).

While NHANES did not assess bone
density at the spine or wrist (and consequently
more such data are needed), other studies suggest
that the prevalence of osteoporosis at these sites
follows a somewhat similar pattern. For example,
the prevalence of osteoporosis at the wrist
increases thirteenfold, from 6 percent among
women age 50-59 to 78 percent among those age
80 and older, yielding an overall prevalence of
osteoporosis of the wrist among postmenopausal
White women of 33 percent (Melton et al. 2000).
Due to increasing difficulty in accurately
assessing bone loss from the spine as individuals
age (because of artifacts that mask bone loss; see
Chapter 8 for more details), the diagnosed
prevalence of osteoporosis in White women age
80 and older is only twice that among those
between the ages of 50 and 59 (Melton et al.
2000). Thus, just 8 percent of postmenopausal
women appear to have osteoporosis of the spine.
The comparable figure in Canadian women is
12 percent (Tenenhouse et al. 2000).

There is some lack of agreement about how
osteoporosis should be defined in men and non-
Whites. Since aging men of all races also lose
bone from the hip (Figure 4-1), one would expect
the prevalence of osteoporosis to increase with
age in men as it does in women. However, due
to the limited data available at the time, the
World Health Organization did not propose a
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specific definition of osteoporosis for men. Based
on the same absolute cut-off value for men as
for women (0.56 g/cm2 for femoral neck BMD),
the prevalence of osteoporosis among White,
Mexican-American, and Black men age 50 and
older is 4 percent, 2 percent, and 3 percent,
respectively, according to NHANES III (Looker
etal. 1997). When the normal values for a young
adult male are used as the cut-off point, the
estimated prevalence of osteoporosis in these
men increases substantially to 7 percent, 3
percent, and 5 percent, respectively. The
comparable figure for Canadian men is about 4
percent (Tenenhouse et al. 2000). The fact that
many fewer men than women develop very low
levels of bone density, where fracture risk is
greatest, helps explain the lower incidence of hip
fractures in men.

With respect to non-White women,
comparisons of BMD to normal values for non-
Hispanic White women suggest that the age-
adjusted prevalence of osteoporosis at the hip
among Black women in the United States is 6
percent, compared to 17 percent for
postmenopausal White women. This is
consistent with the much lower fracture rates
observed in Blacks (Melton and Cooper 2001).
Mexican-American women in the United States
have an estimated prevalence of hip osteoporosis
of 14 percent (Looker et al. 1997), which is
consistent with the somewhat lower risk of hip
fractures in most populations of Spanish
heritage compared to those of Northern
European extraction. It has generally been
presumed that Asians have a prevalence of
osteoporosis similar to that in Whites. Japanese
data indicate that the prevalence of osteoporosis
at the lumbar spine is as high or higher than in
White women while the prevalence of
osteoporosis at the hip (12 percent) is lower (Iki
et al. 2001). This goes along with the fact that



spine fractures are almost as common among
Asian women as they are in White women,
while hip fractures are considerably less
common (Melton and Cooper 2001).

Other Metabolic Bone Diseases

Much less is known about the frequency of
most other skeletal diseases. This is because
many of them, such as Paget’s disease of bone
and primary hyperparathyroidism, appear to be
underdiagnosed. Others, such as osteomalacia
and renal osteodystrophy, may in some cases be
complications of some other condition and thus
they are not counted separately. For example,
the U.S. Renal Data System reports that almost
325,000 Americans are being treated for chronic
renal failure by dialysis or renal transplantation
(USRDS 2000). Over a third of those are Black,
and their dialysis rate is five times greater than
that of Whites. Although fracture rates are
increased in these individuals (Alem et al. 2000),
there appear to be no estimates of the actual
prevalence of renal bone disease (see Chapter 3).
By contrast, Black Americans are at a lower risk
of primary hyperparathyroidism than are White
Americans (Melton 2002). The condition is more
common in women than men, and its prevalence
increases with age in both sexes. Although there
are indications that up to 1 percent of the
population may be affected at any given time
(Melton 2002), the annual incidence of diagnosed
primary hyperparathyroidism has been
estimated at only 21 per 100,000 (Wermers et al.
1997). However, the frequency of diagnosis of
primary hyperparathyroidism is affected by how
often blood calcium levels are measured and
acted upon in clinical practice.

Paget’s Disease of Bone

Based on an x-ray survey of the hip, pelvis,
and spine by the first National Health and
Nutritional Examination Survey, the prevalence
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of Paget’s disease of bone has been estimated at
1.3 per 100 women and men age 45-74 (Siris
1999). This would represent over one million
affected individuals in this country today.
However, just as for spine fractures, many
Pagetic bone lesions are asymptomatic and
consequently undetected by health care
professionals, meaning that the prevalence of
clinically diagnosed cases of Paget’s disease is
much less. The incidence of the disease rises with
age but is generally less than one per 1,000 per
year, even among elderly individuals. The
incidence is about twice as great in men as it is
in women, and most patients are of Northern
European heritage. Indeed, Paget’s disease is
most common in North America and Western
Europe, except Scandinavia (Siris 1999). There
is some evidence that the incidence of Paget’s
disease may be falling, but this may be the result
of a decrease in the frequency of routine
screening procedures (Tiegs et al. 2000).

Developmental Skeletal Disorders

There are many congenital disorders of the
skeleton, but most are quite rare. Two of the
more common conditions are osteopetrosis and
the various forms of osteogenesis imperfecta (see
Chapter 3). Altogether, 20,000 to 50,000
Americans may have osteogenesis imperfecta
according to the Osteogenesis Imperfecta
Foundation. The Paget’s Foundation estimates
that about 14,000 people in the United States
(equivalent to one out of every 20,000
individuals) have osteopetrosis.

Acquired Skeletal Disorders

There are no estimates of the incidence of
aseptic necrosis, despite its being a not
uncommon complication of hip fracture and
glucocorticoid therapy (see Chapter 3). Primary
bone neoplasms, such as osteosarcoma, are less
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common. The most frequent malignancy arising
in bone is multiple myeloma, which was
described in Chapter 3. This malignancy affects
men more than women and Blacks more than
Whites. Altogether, there are about 2,400 new
cases and 1,300 deaths each year in this country
from cancer of the bones and joints, compared
to 14,600 new cases and 10,900 deaths annually
from multiple myeloma (ACS 2001). Of the
more than 560,000 people who die of cancer each
year, most will have had skeletal complications
of their malignancy (bone metastases) at some
point during their illness. Bone metastases most
commonly occur in individuals with breast,
prostate, kidney, lung, pancreatic, colorectal,
stomach, thyroid, and ovarian cancers. People
dying of breast and prostate cancer almost always
experience bone metastases, causing a great deal
of the pain in the last days of life. Bone metastases
most commonly occur in the spine; other

common sites include the pelvis, hip, upper leg
bones, and the skull (ACS 2004).

Prospects for the Future

The prevalence of bone diseases is going to
increase significantly as the population ages. In
the United States, the number of people age 65
and older is expected to rise from 35 to 86 million
between 2000 and 2050, while the number age
85 and older will increase from 4 to 20 million
(US Census Bureau 2004). Much of this increase
will occur in the next 25 years as the “baby
boomers” reach their 70s and 80s. Unless
prevention activities are greatly enhanced, this
demographic change alone will cause a
substantial increase in the number of people with
bone diseases. For example, based on data from
NHANES, it is estimated that 7.8 million
women and 2.3 million men in the United States
already have osteoporosis at the hip. These
tigures could rise to 10.5 million women and 3.3
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million men (an increase of 35 percent in women
and 43 percent in men, respectively) by 2020
(Figure 4-4) (NOF 2002). These trends make
reaching the Healthy People 2010 goal (which
is to reduce the overall prevalence of osteoporosis
at the hip among adults from 10 percent to 8
percent) all the more difficult (USDHHS 2000).

In fact, these demographic changes could cause
the number of hip fractures in the United States to
double or triple by 2040 (Schneider and Guralnik
1990). Any such increase will also make it very
difficult to achieve another Healthy People 2010
goal of reducing the annual incidence of hip fractures
by 60 percent (from 1,056 to 416 per 100,000) among
women age 65 or older, and by 20 percent (from
593 to 474 per 100,000) among elderly men
(USDHHS 2000). History does not offer much
optimism that these goals will be reached, either. In
fact, Healthy People 2000 called for a nearly 15
percent reduction in the overall incidence of hip
fractures among men and women age 65 and older
(from 714 per 100,000 in 1988 to 607 per 100,000
by 2000) (USDHHS 1991). The annual incidence
among this population actually increased by over
17 percent, to 840 per 100,000, in 2000.

The aging phenomenon and its potential
impact on bone disease are not unique to the United
States. Across the globe, the number of individuals
age 65 and older is expected to increase nearly
fivefold between 1990 and 2050, from 323 million
to 1.55 billion. This trend alone could result in a
3.7-fold increase in the number of hip fractures
worldwide, from an estimated 1.7 million in 1990
to a projected 6.3 million in 2050 (Cooper et al.
1992b). Even this figure may prove conservative,
as it assumes that the incidence of hip fractures
among individuals of a given age remains constant.
If, instead, incidence rates remain constant in
Europe and North America (they have stabilized
in these areas recently) but increase by 3 percent
annually elsewhere (as is occurring in some parts
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of the world), the total worldwide number of hip
fractures each year could exceed 21 million by
2050 (Gullberg et al. 1997).

Key Questions for Future
Research
Research questions for Chapter 4 have been
merged with those for Chapter 5 because of the
close relationship between frequency and burden
of disease issues. (See Chapter 5, page 103.)
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Bone diseases have a major impact on the
population as a whole and especially on
affected individuals and their families.
Although some bone diseases lead
directly to pain and deformity, bone
disease often is a “silent” disorder until
it causes fractures.

The 1.5 million osteoporotic fractures
in the United States each year lead to
more than half a million hospitalizations,
over 800,000 emergency room
encounters, more than 2,600,000
physician office visits, and the
placement of nearly 180,000 individuals
into nursing homes. Hip fractures are
by far the most devastating type of
fracture, accounting for about 300,000
hospitalizations each year.

Caring for these fractures is expensive.
Studies show that annual direct care
expenditures for osteoporotic fractures
range from $12 to $18 billion per year in
2002 dollars. Indirect costs (e.g., lost
productivity for patients and caregivers)
likely add billions of dollars to this figure.
These costs could double or triple in the
coming decades.

From an individual’s perspective, bone
disease has a devastating impact on
patients and their families. While few die
directly from bone disease, for many
individuals a fracture can lead to a

Chapter 5

downward spiral in physical and mental
health that for some ultimately results in
death. In fact, hip fractures are associated
with a significantly increased risk of
death, especially during the first year
after the fracture.

Bone diseases dramatically affect
functional status. Many individuals who
suffer fractures experience significant
pain and height loss, and may lose the
ability to dress themselves, stand up, and
walk. These individuals are also at risk
of complications such as pressure sores,
pneumonia, and urinary tract infections.
Nearly one in five hip fracture patients
ends up in a nursing home, a situation
that a majority of participants in one
study compared unfavorably to death.
Fractures can also have a negative impact
on self-esteem, body image, and mood,
which may lead to psychological
consequences. Individuals who suffer
fractures may be immobilized by a fear
of falling and suffering additional
fractures. Not surprisingly, they may
begin to feel isolated and helpless.
Many bone disorders other than
osteoporosis add greatly to the burden
of bone disease in the population,
although the impact varies enormously
and is largely dependent upon the
severity of the disease.
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Chapter 5

THE BURDEN OF BONE DISEASE

Bone diseases have a major impact on the
population as a whole and especially on affected
individuals and their families. Osteoporosis, in
particular, is an important public health problem
that affects a large segment of the community.
Although some bone diseases lead directly to
pain and deformity, bone disease more
commonly is a “silent” disorder until it causes
one or more fractures. The many individuals
with bone disease who suffer fractures must deal
with the complications that may ensue, including
ill health (morbidity), disability, a reduced
quality of life, and possibly even death. The care
of patients with these fractures is also very
expensive, and costs will continue to rise as the
frequency of bone disease increases in the future
with the anticipated growth of the elderly
population. These aspects of the problem are
reviewed in the sections that follow, focusing
tirst on the effects of bone disease on society as a
whole and then on the problems that bone
diseases pose for individuals. What these
statistics make clear is that the burden of bone
disease is enormous.

Most of the statistics that follow relate to
osteoporosis, the most common and perhaps
most “burdensome” bone disease from society’s
perspective. While the burden of osteoporosis
has been well documented, there is relatively
little information on the burden imposed by
other disorders that affect bone health, even
though they can cause marked impairment of

health and even death in those who are affected.
Recognizing the limits on available information,
this chapter nonetheless provides some general
descriptions on the burden of these other bone
diseases on page 102.

Impact on Society

Mortality

Despite the large numbers affected, very few
people die as a direct result of bone disease,
although bone disease may be under-appreciated
as an indirect cause of death. Bone diseases
accounted directly for only a tiny fraction of the
2.4 million deaths reported nationally in 1999
(NCHS 1999). Other diseases, such as heart
disease and cancer, are much more likely to
directly cause an individual’s death. Even hip
fractures, which represent one of the most
serious consequences of bone disease, seldom
directly result in death. In fact, in 1999 hip
fractures were listed as the cause of death on only
12,661 death certificates (NCHS 1999),
representing less than 4 percent of the number
of patients who were hospitalized for hip
fractures in that year (Popovic 2001). Bone
disease can indirectly lead to death, as fractures
and their associated complications can in some
cases trigger a downward spiral in health. In one
population sample, the risk of mortality was four
times greater among hip fracture patients during
the first 3 months after the fracture than was the
comparable risk among fracture-free individuals
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The Real-Life Burden of Osteoporosis

Osteoporosis has a significant impact on
the everyday lives of those who suffer from
the disease, as the following story clearly
illustrates.

This 73-year-old wife and grandmother
suffered her first fracture 18 years ago and
has had eight additional fractures since that
time. Each caused tremendous pain and
required long hospital stays and extended
periods on medication. Unfortunately,
however, because she does not tolerate
osteoporosis medications well, her primary
treatment has consisted of estrogen, vitamin
D, and calcium supplements. As bad as the
actual fractures have been, it is the fear of
additional fractures that may well have the
largest impact on her life. As a result of this
fear, she limits the time she spends with her
grandchildren, as well as the types of activities
she enjoys with them (three of her fractures
occurred while playing with her
grandchildren). She finds it impossible to lie
down on her back or right side and difficult
to get in and out of bed or a chair. She has
had to give up dancing, one of her favorite

“I had planned to spend these
years enjoying my
grandchildren, but I've really
had to curtail my activities
with them. I've fractured my
back three times while playing
with them.”
—Long-time osteoporosis
sufferer
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activities, and feels she has become a “drag”
on family members who must slow down to
accommodate her limitations.

A Parent’s Perspective on the Burden of
Bone Disease

This story illustrates the devastating
impact that bone disease can have in those rare
instances when it strikes children.

This mother has two children with bone
disease. Her daughter, now in her mid-20s,
suffers from osteoporosis. Yet it is her son’s
battle with severe OI that is most tragic. Now
in his late 20s, he suffered nearly a dozen bone
fractures at birth. When he was two months old,
the mother endured the horrible sound of
hearing her son’s arm break as she turned him
over in his crib. To date, he has suffered 140
fractures, some caused by acts as simple as
sneezing or being startled. Fractures, however,
are not the only health problems he faces. Like
many OI sufferers, he also must live with
scoliosis, broken teeth, hernias, kidney stones,
and hearing loss. He presently requires full-time
oxygen. Only 3 feet tall, he has never slept
through the night.

Like many OI patients, he is highly
intelligent and engaging, a true joy to be
around. He spoke in complete sentences by the
age of 1 and was reading at the age of 2. He
showed an interest in politics by age §,
querying his mother on whom she was going
to vote for in the presidential election and why.
His tremendous intellectual abilities and
engaging personality are as much or more a
part of him as are his disabilities. His
personality and story make him an excellent
spokesperson for the disease.



of similar gender and age. Approximately 20
percent of the hip fracture patients died within
a year of the fracture (Leibson et al. 2002).
These overall rates may overstate the increased
risk of death that is attributable to the fracture,
as some of these patients were already in a
nursing home and may have died even in the
absence of the fracture. Another study, which
included only patients who were ambulatory
and not living in nursing homes at the time of
their hip fracture, found that hip fracture
patients had a 2.8-fold increased risk of dying
during the 3 months following the fracture,
although this risk also depended on their pre-
fracture health. Those with poor pre-fracture
health had higher mortality rates (Richmond
et al. 2003). A recent analysis of NHANES 1
found that, over a follow-up period of 8-22
years, each standard deviation decrease in
bone density was associated with a 10-40
percent increase in mortality (Mussolino et
al. 2003). A prospective study of women over
65 (which was part of the Study of
Osteoporotic Fractures) showed that each
standard deviation of bone loss at the hip was
associated with a 30 percent increase in total
mortality (Kado et al. 2000). Recent studies
from Sweden have shown increased mortality
after spine fractures as well as hip fractures
(Kanis et al. 2004, Johnell et al. 2004).
Morbidity

Bone diseases are much more likely to lead
to poor health (i.e., morbidity) than they are to
cause death. Most bone diseases dispro-
portionately affect the elderly, who may already
have substantial problems with frailty and
reduced functional capacity. Fractures are the
biggest problem facing most individuals with
bone disease, especially those with osteoporosis.
The cumulative impact of these fractures is quite
devastating. As shown in Table 5-1, osteoporotic
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fractures in the United States in 1995 led to more
than half a million hospitalizations, over 800,000
emergency room encounters, more than 2.6
million physician office visits, and the placement
of nearly 180,000 individuals into nursing homes.
Based on a statistical model, it has been estimated
that over a 10-year period White women age 45
and older in the United States could experience
5.2 million fractures of the hip, spine, or forearm,
resulting in 2 million person-years of disability
related to the fractures (Chrischilles et al. 1994).
Unfortunately, comparable estimates are not
available for other diseases of the skeleton.

Hip fractures are by far the most devastating
type of fracture, accounting for about 300,000
hospitalizations each year. Almost all hip fracture
patients are hospitalized, and they represent
nearly half of all hospitalizations for osteoporotic
fractures in the United States (Table5-1). Hip
fractures frequently lead to disability. More than
one in four (26 percent) individuals suffering a
hip fracture becomes disabled in the following
year because of the fracture (i.e., this figure
represents disabilities that are in addition to those
resulting from the functional losses that would
ordinarily occur in frail older persons)
(Magaziner et al. 2003). Due primarily to
dementia and the inability to walk
independently, nearly one out of five requires
long-term nursing home care (Table 5-2). In
aggregate, hip fractures were responsible for
nearly 140,000 nursing home admissions in 1995
(Ray et al. 1997). Spine fractures are less
devastating, with only 1 in 10 patients requiring
hospitalization and less than 2 percent requiring
nursing home care (Chrischilles et al. 1991).
They account for nearly 66,000 physician office
visits and at least 45,000—and perhaps as many
as 70,000—hospital admissions each year (Table
5-1). Half of these patients require some
continuing care in a skilled nursing facility
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Table 5-1. Resource Utilization Attributable to Osteoporotic Fractures
Among Persons > 45 Years of Age in the United States in
1995, by Type of Service and Type of Fracture

Type of service Total Type of fracture
Hip% Forearm% Spine% Other sites% T

Inpatient
hospitalizations 547,000 49 3 8 39
Nursing home
residents 179,000 77 1 3 20
Physician Visits 2,634,000 14 20 3 63
Emergency room
encounters 807,000 21 9 4 66
Physical therapy
sessions 194,000 23 39 1 38
Diagnostic 1,902,000 18 17
radiology et 4 62
Medications 2,358,000 13 13 3 71
Home health care 2,250,000 60 2 3 35
visits
Ambulance 220,000 36 0 10 55
encounters
Orthopedic/oth
supplics icfother 492,000 28 0 9 63

T These include fractures of the arm, lower leg, pelvis, ribs, ankle, and foot.
The role of osteoporosis in fractures at other sites depends on age, race, and

gender. There is disagreement about how many of these are osteoporotic-related
ractures, although estimates range from 15% to 60%.

Source: Modified from Ray et al. 1997. Reproduced from
J Bone Miner Res 1997: Jan; 12(1): 24-35 with permission
of the American Society for Bone and Mineral Research.
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(Gehlbach et al. 2003). Fractures of the wrist
(also known as the distal forearm) are the least
debilitating. Only about one-fifth of patients
suffering a wrist fracture are hospitalized, and
they rarely require nursing home care (Tables
5-1, 5-2). Yet even this relatively less traumatic
event still accounts for nearly 20,000 hospital
admissions and over 530,000 physician visits
each year (Table 5-1). Surprisingly, these
fractures consume more outpatient physical
therapy services than do hip fractures.
Cost

Bone diseases are expensive, in terms of
direct health care expenditures and indirect
expenditures as well as lost productivity/
workdays for patients and caregivers. While the
tigures cited below are large, it is important to
remember that they represent today’s costs.
Given health care inflation and the projections
for significant increases in the number of
fractures (see Chapter 4), it is not unreasonable
to assume that the direct and indirect costs of
bone disease will more than double or triple in
the coming decades (Burge et al. 2003).

Bone Health and Osteoporosis

Direct Costs

Studies show that annual direct care
expenditures for osteoporotic fractures range
from $12.2-$17.9 billion per year in 2002
dollars (Tosteson 1999). While women account
for the majority of these costs, White men also
incur substantial overall costs for osteoporotic
fracture care (representing 18 percent of the
total costs of osteoporosis, or $3.2 billion). In
addition, non-White women and men of all ages
account for $1 billion annually in total direct
care expenditures on osteoporotic fractures
(Ray et al. 1997).

Although large, expenditures related to
osteoporosis represent just 7 percent of total
heath care costs among women age 45 and older
(Hoerger et al. 1999). This is more than double
the amount spent for gynecological cancers but
only a fraction of the cost of cardiovascular
disease. However, osteoporosis accounts for
nearly 14 percent of all nursing home days, due
to the late age at which expenses are incurred
for osteoporosis relative to other diseases
(Hoerger et al. 1999).

Table 5-2. Disability Resulting From Osteoporotic Fractures
Functionally dependentt (%) Nursing home (%)

Hip fracture 10 19

Spine fracture 4 2

Forearm fracture 2 —

Any of these 7 8

one or more activities of daily living.

T Community dwelling but requiring human assistance or unable to perform

Source: Chrischilles et al. 1991.
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Hospital care accounts for more than half of
the total direct costs, with nursing home care
also responsible for a large portion of the total.
As noted, hip fractures are the most devastating
complication of osteoporosis, and therefore it is
no surprise that they account for the largest
proportion (63 percent or $11.3 billion) of
medical care costs (Table 5-3). This is because
hip fractures are very expensive to treat, with
per-fracture costs estimated to range from
$30,100-$43,400 in 2002 dollars (Tosteson 1999).
The costs of caring for hip fractures are not
limited to this initial treatment, however, as those
suffering hip fractures require follow-up care as
a direct result of their injury. A recent study
estimated that hospital and outpatient care
(excluding nursing home care) due to a hip

fracture adds $14,600 to direct medical
expenditures in the year following the fracture
(Gabriel et al. 2002). The overall lifetime cost
attributable to a hip fracture could exceed
$81,000 (Braithwaite et al. 2003).

Although hip fractures account for the
majority of costs, more than $6.5 billion is spent
annually to treat those suffering from other types
of osteoporotic fractures (Ray et al. 1997).

The direct costs of osteoporotic fractures are
typically borne by society, primarily through
Medicare and Medicaid. Among women over
age 45, the government pays for most of the
costs of osteoporotic fractures: Medicaid covers
almost a fourth of the expense and Medicare
pays nearly half (Hoerger et al. 1999). This is
to be expected since nearly three-quarters of

Table 5-3.

Direct Health Care Expenditures for Care of Osteoporotic
Fractures Among Persons =45 Years of Age in the United
States by Type of Service and Type of Fracture, 1995

Type of T : i
e of service (millions of

fracture yP ( s

Inpatient | Emergency | Outpatient | Outpatient Other Nursing Total

hospital room physician hospital | outpatient® home
Hip 5576 130 67 9 90 2811 8682
Forearm 183 55 93 8 4 41 385
Spine 575 20 13 3 10 126 746
All 2259 3632 297 45 91 899 3953
other sitest
Total 8594 567 470 65 194 3875 13,764

0steoporosis

*Includes home health care, ambulance services, and medical equipment.
T Depending on age, race, and gender, from 15% to 60% of all other fractures were attributed to

Source: Ray et al. 1997. Reproduced from
J Bone Miner Res 1997: Jan; 12(1): 24-25
with permission of the American Society

for Bone and Mineral Research.
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all hip, spine, and distal forearm fractures
occur among patients 65 years and over.

Indirect Costs

In addition to imposing direct medical costs
on society, osteoporosis also results in indirect
costs, primarily related to reduced productivity
due to disability and premature death. Indirect
costs are inherently difficult to measure, and much
more needs to be done in this area. One method
judges lost productivity on the basis of reduced
earnings. For bone diseases, which affect a large
number of retired persons, indirect costs are
underestimated by this approach. Nonetheless,
assuming that people are worth what they earn,
one study estimates that the cost of premature
death and of restricted activity resulting from
fractures accounts for 26 percent of total fracture
costs and 12 percent of hip fracture costs (Praemer
etal. 1999). A recent study from California (where
12 percent of the US population resides) found
that the indirect cost to society (based only on
lost earnings from premature deaths) accounted
for 17 percent of the total cost related to
osteoporosis (Max et al. 2002).

Impact on the Individual

While the statistics cited in the previous
section relate to the impact of bone disease on
society, it is important to remember that these
“global” statistics really take on meaning when
examining what they mean for individuals. In
fact, osteoporosis and other bone diseases have
a profound impact on those individuals who
suffer from them and on their families. This
section examines that impact, highlighting the
very real burden that bone disease can place on
the physical health, mental well-being, and
financial stability of those individuals and
family members affected by the disease.
The Chance of Dying From Bone Disease

While the chance of dying varies by fracture
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type, the vast majority of individuals suffering
from osteoporosis and osteoporotic-related
fractures do not die directly as a result of their
disease. As noted previously, hip fractures are
among the most devastating type of fracture; it
has been estimated that approximately 20
percent of all patients die within a year (Leibson
et al. 2002). The oldest hip fracture patients are
most likely to die, and survival rates are lower
for men (both White and Black) than for women,
although Black women are more likely to die
from a hip fracture than are White women. These
differences may be due in part to the older age at
which men and Black women are likely to suffer a
hip fracture as well as to differences in their medical
care (Figure 5-1). It is important to note, however,
that the typical hip fracture patient is about 80 years
old, and thus their risk of death from any cause is
not trivial. Thus, it is more accurate to say that a
hip fracture decreases the chance of survival in the
tirst year by about 12-20 percent in this already
at-risk population. Another way to look at this
statistic is that 9 out of every 100 women with a
hip fracture will die as a result of the fracture
(Magaziner etal. 1997). The increased risk of death
is especially high (10 times more than the expected
death rate) in the first few weeks following a hip
fracture. While the excess risk of death due to hip
fractures diminishes with time, there may still be
some additional risk for a number of years. For
example, roughly 5 percent of hip fracture patients
experience a severe medical complication, causing
an increase in their risk of death (Lawrence et al.
2002). In addition, as noted previously, most hip
fracture patients have other serious medical
problems (comorbidities that more directly
contribute to death) (Browner et al. 1996). Even
so, with any given amount of preexisting
comorbidity, the occurrence of a hip fracture
substantially increases the likelihood of dying
(Poér et al. 1995).
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Other types of fractures are less likely to result
in death. For example, patients suffering a wrist
fracture are no more likely to die than anyone else
(Melton 2003). Other limb fractures have been
linked to an increased risk of death (Browner et
al. 1996), although only a few of these deaths are
related directly to the fracture. Most of the deaths
seem to result from the presence of some other
serious disease. For example, the death rate
following a fracture of the spine is 1.2 to 1.9 times
greater than expected (Melton 2003), but most of
the deaths occur long after the fracture and
appear to be due to serious underlying medical
conditions that not only increase the risk of dying
but also are likely the cause of the bone loss and
associated fractures.

As noted in Chapter 3, inherited bone
diseases have been found to increase the risk of
death; in fact, in some cases these diseases are so

severe that they are incompatible with life.
Likewise, survival is much reduced among
patients with bone cancer and multiple myeloma
(Praemer et al. 1999). It is unclear whether or
not patients with primary hyperparathyroidism
face an increased risk of death, although survival
does appear to be worse for the most severely
affected patients, including those with the
highest blood calcium levels and those with other
serious diseases (Vestergaard et al. 2003).
Impact on Morbidity, Levels of Disability, and
Functional Status

Bone diseases dramatically affect the
functional status of those who get them. Many
individuals who suffer fractures as a result of
osteoporosis suffer significant pain, height loss,
and may lose the ability to dress themselves,
stand up, and walk. These patients are also at
risk of acute complications such as pressure sores,

Figure 5-1. Observed and Expected Race- and Sex-Specific Survival
Following Fracture of the Hip, All Ages Combined

1.0~ Expected Survival
Without Fracture
T (Includes Black and
; White, both Sexes)
» 08
E]
> White Women
= By Black Women Observed
_g R - Survival
2 06 e S a, White Men With
Black Men Fracture
0.4 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 J
6 12 18 24

Months Following Fracture

Source: Based on Jacobsen 1992.
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pneumonia, and urinary tract infections. Nearly
one in five ends up in a nursing home, a situation
that a majority of participants in one study
compared unfavorably to death (Salkeld et al.
2000). As illustrated in Figure 5-2, different types
of osteoporotic fractures have a different impact
on the patients who suffer them. Wrist fractures
commonly occur in women in their mid-50s and
usually have only a short-term impact, whereas
spine fractures typically occur at a later age and
may give rise to permanent morbidity. By
contrast, hip fractures occur later in life (around
age 80 on average) and usually result in
permanent disability (Kanis and Johnell 1999).
Each of these fracture types will be discussed
in more detail below.

Bone Health and Osteoporosis

Two-thirds of hip fracture patients do not
return to the level of function they enjoyed
before the fracture (OTA 1994), particularly
those who become depressed (Magaziner et al.
2003). Many lose their ability to walk. In fact,
only 40-79 percent of patients regain their
previous ambulatory function a year after the
fracture, and less than half return to their
prefracture status with respect to the activities
of daily living (Greendale and Barrett-Connor
2001). For example, data from the Established
Populations for Epidemiologic Studies of the
Elderly (EPESE) project show that 86 percent
of patients could dress by themselves before the
fracture, but only 49 percent afterwards.
Similarly, 90 percent could move from chair to

Vertebral fracture

Forearm
fracture

\

Morbidity

Figure 5-2. Schematic Representation of the Morbidity Associated
With Different Osteoporotic Fractures with Age

Hip fracture —

\

50 60

Age (years)

70 80 90

Source: Kanis and Johnell 1999.
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standing before the fracture and only 32 percent
after. Comparable figures for walking across the
room are 75 percent and 15 percent (Marottoli
et al. 1992). Indeed, hip fracture patients are as
likely to have impaired ambulation and other
functional deficits as are those who suffer a stroke
(Lieberman et al. 1999). Even among people who
were previously independent, many activities
cannot be carried out independently following
a hip fracture (Table 5-4). Hip fractures cause
an “extra” 10 percent of women to become
functionally dependent (i.e., 10 percent more
women become dependent than would have in
the absence of the fractures), and 19 percent of
women who suffer hip fractures require long-
term nursing home care (Chrischilles et al. 1991).

Other types of fractures, while somewhat
less devastating than hip fracture, nevertheless
take a toll on those who suffer them. For
example, while spine fractures rarely cause
imnstitutionalization (Chrischilles et al. 1991),
their adverse influence on most activities of daily
living is almost as great as that seen for hip
fractures (Greendale et al. 1995).

This loss in functional status is mainly the
result of the pain caused by spine fractures. New
spine fractures may produce severe back pain
that lasts for weeks or months (Ross 1997).
Ettinger and colleagues found that 50 percent of
elderly women had a mild or moderate spine
deformity on x-ray, yet they were only slightly
more likely to have constant or severe back pain,
back disability, or substantial height loss than
those with no evidence of a spine fracture
(Ettinger et al. 1992). Ten percent of the elderly
women in this study had a severe spine
deformity, and this group showed a significantly
increased risk of these problems, especially in
those individuals with fractures in multiple
vertebrae. Not surprisingly, the more severe
fractures are also the most likely to be diagnosed,
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and thus they represent the vast majority of spine
fractures that are recognized clinically. However,
even spine fractures that escape diagnosis can
cause an increase in back pain and limited activity
(Nevitt et al. 1998).

Wrist fractures seldom cause long-term
disability, but they nonetheless are painful,
requiring repositioning of the bones to their
normal position and stabilization in a cast for 4—
6 weeks. Recent studies suggest that wrist
fractures may cause a number of short-term
problems, including persistent pain, loss of
function, nerve impairments (such as carpal
tunnel syndrome), bone deformities, and
arthritis (Greendale and Barrett-Connor 2001).
In fact, nearly half of all patients report only fair
or poor functional outcomes 6 months following
a wrist fracture. Women and the elderly are the
most likely to report such outcomes. There is
no question that the overall impact of wrist
fractures on a patient’s functional status is much
less than that of a hip fracture. In fact, less than
1 percent of wrist fracture patients become
completely dependent as a result of the fracture
(Chrischilles et al. 1991). These fractures may
be as disabling as hip fractures with respect to
some specific activities of daily living such as
meal preparation.

Finally, while they are less devastating than
hip fractures, spine, wrist, and the other limb
fractures are more common, and they are the
main contributors to osteoporosis-related
morbidity in middle-aged women and men
(Kanis et al. 2001). In addition, the occurrence
of one of these fractures is a strong risk factor
for additional fractures (see Chapter 8).
Impact on Emotional State

In addition to functional impairments,
fractures from bone disease can have a negative
impact on self-esteem, body image, and mood
(Ross 1997), which may lead to psychological
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Table 5-4. Postfracture Dependency+at 12 and 24 Months Among
Patients Who Were Independent Prior to Hip Fracture

Lower extremity physical activity of daily living
Climbing five stairs 90 91
Getting in/out of bath/shower 83 83
Walking one block 55 53
Getting into a car 45 50
Rising from an armless chair 50 54
Walking 10 feet 40 37
Taking a shower/bath/sponge bath 38 44
Getting on/off the toilet 66 63
Putting socks and shoes on 33 33
Getting in/out of bath 31 33
Putting on pants 20 20
Instrumental activities of daily living
Housecleaning 62 43
Getting places out of walking distance 53 53
Shopping 42 41
Cooking 24 23
Handling money 31 31
Taking medications 28 29
Using the telephone 22 23

T Dependency is defined as the need for either human or equipment assistance or inability to perform

the activity due to health reasons.

Source: Magaziner et al. 2000.

consequences (Gold et al. 2001). Individuals who
suffer fractures may be immobilized by a fear of
falling and suffering additional fractures. Not
surprisingly, they may begin to feel isolated and
helpless. In a survey conducted by the National
Osteoporosis Foundation, 89 percent of women
who had already had an osteoporotic fracture
said they feared breaking another bone; 80

percent were afraid that they would be less able
to perform their daily activities; 80 percent feared
losing their independence; 73 percent were
concerned that they would have to reduce
activities with family and friends; and 68 percent
worried that another fracture would result in
their having to enter a nursing home. If not
addressed, fear about the future and a sense of
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helplessness can produce significant anxiety and
depression. These problems may be
compounded by an inability to fulfill
occupational, domestic, or social duties (Table
5-5), thus leading to further social isolation.
Impact on Quality of Life

Not surprisingly, the increased levels of
morbidity and disability and the declines in
functional status and mental health that are
typically associated with bone disease and
fractures can have a profound impact on an
individual’s quality of life. Some studies have
begun to address these intangible aspects of
osteoporosis and other bone diseases by having
individuals rate their quality of life in a given
year, using a measure known as quality-adjusted

life years (QALYs). When estimating QALYs,
each year of life is assigned a preference weight
between 1 and 0, where 1 represents perfect
health and 0 represents death. Different
individuals with similar health status may rate
the quality of their life very differently,
depending upon how they personally value that
health status compared to being in perfect health
and to dying. While results vary depending on
the type of fracture being measured, patient age,
and the assessment technique used, individuals
suffering osteoporotic-related fractures
consistently report significant reductions in
QALYs; these reductions range from 0.05-0.55
on the 0 to 1 scale mentioned above (Tosteson
and Hammond 2002). For example, spine

Table 5-5.

Symptoms Signs
Back pain (acute, Height loss
chronic)

Kyphosis

Sleep disturbance
Decreased lumbar

Anxiety lordosis

Depression Protuberant
abdomen

Decreased

self-esteem Reduced lung
function

Fear of future

fracture and falling Weight loss

Reduced quality

of life

Early satiety

Clinical Consequences of Spine Fractures

Function Future risks

Increased risk of
fracture

Impaired activities
in daily living (e.g.,
bathing, dressing
Increased risk of
Difficulty fitting death
clothes due to
kgphosis, protuberant
a

domen

Difficulty bending,
lifting, descending
stairs, cooking

Source: Papaioannou et al. 2002. Reprinted from The American Journal
of Medicine, Diagnosis and management of vertebral fractures in elderly
adults. 113(3): 220-228 (2002), with permission from Excerpta Medica, Inc.
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fractures are associated with a 20 percent
reduction in the quality of life in the first 12
months and a 15 percent reduction after two
years (Tosteson et al. 2001). Even those who
manage to remain independent following a
fracture typically experience a substantially
reduced quality of life. For example, relatively
healthy survivors of a hip fracture report a 52
percent reduction in quality of life in the first 12
months and a 21 percent reduction after two
years (Tosteson et al. 2001). Similar differences
were seen in a recent study comparing function
and quality of life in Belgian women with a hip
fracture compared to age-matched controls
(Boonen et al. 2004). Health-related quality of
life is also decreased in patients with spine
fractures, particularly those who have had
repeated episodes (Cockerill et al. 2004). Quality
of life is also reduced in patients with other bone
diseases. For example, patients with Paget’s
disease report a high frequency of hearing loss
and boney deformities, but many also report
depression (53.4 percent), sleep problems (51.5
percent), and poor quality of life (42.1 percent
report poor or fair QOL). In the only published
study to explore factors related to QOL in
Paget’s disease (Gold et al. 1996), the authors
found that the psychological factors (including
depression and loss of self-esteem) were the
most important contributors to reduced QOL
in these patients; they explained more of the
variance (19 percent) in QOL than did
biomedical (3 percent), social (2 percent), or cost
(1 percent) factors. They also found that QOL
was significantly decreased in patients with
more extensive or symptomatic Paget’s disease.
These data, combined with similar data from
studies of osteoporosis, suggest that the negative
impact of bone disease is substantial.
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Impact on Financial Well-Being

In addition to a decline in physical and
mental health, patients with bone disease also
bear significant financial expenses. Although
better information is needed, these patients often
must pay for a variety of expenses out of their
own pockets (Table 5-6), creating a financial
burden for many patients and their families.
Hoerger and colleagues estimated that 17 percent
of the cost of managing osteoporosis is not
covered by insurance (i.e., Medicare, Medicaid,
or private coverage) (Hoerger et al. 1999).
Patients and/or family members may be
responsible for some proportion of the average
$2,000 increase in direct medical expenses that
occur in the year following a fracture (Gabriel
etal. 2002). They may also have to pay a portion
of the cost of any drug therapy to prevent
additional fractures (these costs are not included
in the $2,000 figure cited above) and to bear the
costs associated with disability during the
recovery period and over the long term.
Furthermore, younger family members may
experience reductions in earning power as they
take time away from work to assist older patients
during the convalescence period (Brainsky et al.
1997); few studies to date have accounted for this
type of lost productivity among individuals who
must care for those who sustain fractures. Even if
the hours of care provided by family and friends
(informal care) are valued at the minimum wage,
they represent a substantial proportion of the
overall costs of care in the first 6 months following
a hip fracture (Table 5-6). While the proportion
of total care costs represented by informal care
actually drop following a fracture (due to the high
expenses of treating the fracture), the absolute
dollar value of these costs more than doubles in
the first 6 months after the fracture.
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The Burden of Other Bone
Diseases

As indicated in Chapter 4, thousands of
Americans are affected by other bone diseases
such as rickets and osteomalacia, renal
osteodystrophy, primary hyperparathyroidism,
Paget’s disease, osteogenesis imperfecta, bone
cancer, and other developmental and acquired
skeletal disorders. Estimates of the societal burden
of these conditions are not readily available. The
impact of these conditions on individuals,
moreover, varies enormously, and is largely

dependent upon the severity of the disease.

The majority of patients with primary
hyperparathyroidism are asymptomatic, but a
small number suffer from kidney stones,
fractures, or rarely dangerously high blood
calcium levels that can lead to severe impairment
of kidney function, coma, and death. Most
Paget’s disease patients suffer from pain, but
some also develop nerve damage, fractures, or
osteosarcoma (a type of bone cancer). Few
patients with Paget’s disease die from the
condition, although, as discussed earlier, they
often find their QOL to be reduced significantly
because of the disease. Some patients with

Table 5-6.

Costs Per Month Per Patient, Before and After Hip
Fracture, Adjusted for Death and Excluding the Cost
of the Initial Hospitalization

($/month/patient)
Before fracture  After fracture

Previous First 6

6 months months
Other hospitalizations 255 1015
Nursing home stays 6 864
Rehabilitation 4 681
Physician visits 24 103
Nurse/aide visits 10 77
Home aide services 133 445
Physical therapy 8 58
Durable equipment 11 111
Meals-on-wheels 4 9
Arranging services 1 5
Transportation 17 43
Emotional support 27 132
Informal care 1244 2517
Total per month 1744 6060

Source: Brainsky et al. 1997.

102 Chapter 5



chronic renal disease who are on dialysis develop
a severely debilitating bone disorder that results
in pain and fractures. Others lose bone rapidly
after renal transplantation and, despite the
successful improvement of their kidney function,
have poor health because of fractures.

Among the genetic skeletal disorders, the
dense bones associated with osteopetrosis and
the fragile bones associated with osteogenesis
imperfecta (OI) can both cause severe illness.
While some patients with osteopetrosis can be
treated by bone marrow transplantation and oth-
ers with stimulators of bone breakdown, success
has been limited and many patients die from
these conditions. Ol often causes severe crippling
and in its most severe form is fatal, although
treatment with inhibitors of bone breakdown
appears to be effective and is being explored fur-
ther. (See box on page 90 for an example of OI’s
impact on an individual patient.) Cancer in bone
often causes severe symptoms and frequently
leads to death. Myeloma causes severe pain and
bone loss with multiple fractures. Other types
of cancer, including breast and prostate, can
spread (metastasize) to bone, although (as dis-
cussed in Chapter 9) this can be reduced by treat-
ments that block bone breakdown (Ross et al.
2004, Rosen et al. 2004).

In summary, there are a number of disor-
ders other than osteoporosis that add greatly to
the burden of bone disease in our population.
Fortunately, the ability to diagnosis and treat
many of these disorders has improved in recent
years (see Chapters 8 and 9), thus making it pos-
sible to reduce this burden substantially in the
future.

Key Questions for
Future Research
Much more information on the frequency and
burden of osteoporosis and other bone diseases is
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needed if plans to prevent the projected “epi-
demic” are to be successful. Careful collection of
national and local data on all osteoporotic-related
fracture types is needed so that progress in meet-
ing prevention goals can be measured. Specific
research questions that need to be answered in-
clude the following:

e How common are fractures in the com-
munity? Better data on fractures identi-
tied in physician’s offices as well as in
hospitals are needed.

e How common are hip fractures among
the Medicare and non-Medicare popula-
tion? What are the trends over time and
across geographic regions and racial and
ethnic groups?

e  What is the true incidence and burden of
spine fractures, given that many are “silent”?
Surveys using dual x-ray absorptiometry
(DXA) to assess spine deformities may
help to answer this question.

e What is the impact of non-hip fragility
fractures on morbidity, mortality, and
quality of life?

e  What is the impact on quality of life of
asymptomatic spine fractures? These
fractures may cause deformity and mus-
culoskeletal symptoms such as low back
pain, and may negatively affect cardiop-
ulmonary and gastrointestinal function.

e What are the economic costs of os-
teoporosis and fragility fractures? While
some data are presented in this chapter,
more detail is needed, including informa-
tion on non-Medicare patients, men, and
racial and ethnic minorities.

e What is the prevalence and burden of
osteoporosis and the incidence and bur-
den of fractures in men and racial and
ethnic minorities, including Blacks,
Asians, and Hispanics?
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What environmental factors are responsible
for geographic variations in fracture rates?
What is the prevalence and burden of bone
diseases and disorders other than os-
teoporosis, including hyperparathyroid-
ism, osteomalacia, renal osteodystrophy,
osteogenesis imperfecta, and congenital
disorders affecting bone such as osteo-
petrosis? This examination of other bone
diseases should include a review of their

Chapter 5

impact on racial and ethnic minorities.
What impact do the skeletal implications
of malignancy have on morbidity, mor-
tality, and quality of life?

What is the projected incidence and bur-
den of bone disease if current practice is
maintained and how much could these
be changed by various levels of improve-
ment in awareness, diagnosis, prevention,
and treatment of bone disease?
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Part Three

WHAT CAN INDIVIDUALS
DO TO IMPROVE THEIR
BONE HEALTH?

Part Three of the report is the first of three sections that address the
question of what can be done to improve the bone health status of
Americans. This part of the report approaches the issue from the
perspective of the individual, examining those factors that determine bone
health and describing lifestyle approaches that individuals can take to
improve their personal bone health.

Chapter 6 highlights the critical role that lifestyle factors such as
nutrition and physical activity play in overall bone health status. It also
provides a thorough review of the evidence on precisely how these factors
influence bone health, including those behaviors that promote it (e.g.,
physical activity, adequate calcium and vitamin D intake) and those that
can impair it (e.g., smoking, excessive alcohol consumption). The chapter
emphasizes the fact that many Americans do not currently get enough
exercise and consume enough calcium and vitamin D to achieve optimal
bone health. The chapter also reviews evidence on the impact of other
tactors on bone health, including the presence of other diseases; the use of
certain medications; weight and weight loss; and reproductive issues such
as pregnancy, lactation, amenorrhea, oophorectomy, and contraceptive use.

Chapter 7 provides practical, real-world guidance on lifestyle approaches
that individuals can take to improve their own bone health, including the
following: what foods are the best sources of calcium and vitamin D; how
to calculate daily calcium intake; when calcium and/or vitamin D
supplementation should be considered; and what types of physical activity
can contribute to bone health and overall health. The good-news message
of this chapter is that it is surprisingly easy to meet recommended guidelines
for nutrition and physical activity, and that following these guidelines not
only promotes bone health, but it also enhances overall health and well-
being and helps to avoid the onset of other chronic diseases.
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Chapter 6: Key Messages
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While genetic factors play a significant role
in determining bone mass, controllable
lifestyle factors such as diet and physical
activity can mean the difference between
a frail and strong skeleton.

Calcium has been singled out as a major
public health concern today because it is
critically important to bone health and
the average American consumes levels of
calcium that are far below the amount
recommended for optimal bone health.
Vitamin D is important for good bone
health because it aids in the absorption
and utilization of calcium. There is a high
prevalence of vitamin D insufficiency in
nursing home residents, hospitalized
patients, and adults with hip fractures.
Physical activity is important for bone
health throughout life. It helps to increase
or preserve bone mass and to reduce the
risk of falling. All types of physical
activity can contribute to bone health,
albeit in different ways.

Maintaining a healthy body weight is
important for bone health throughout
life. Being underweight raises the risk of
fracture and bone loss. Weight loss is
associated with bone loss as well,
although adequate diet and physical
activity may reduce this loss.

Fractures are commonly caused by falls,
and thus fall prevention offers another
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opportunity to protect bones, particularly
in those over age 60. Several specific
approaches have demonstrated benefits,
including muscle strengthening and
balance retraining, professional home
hazard assessment and modification, and
stopping or reducing psychotropic
medications.

Reproductive issues can affect bone
health. Pregnancy and lactation generally
do not harm the skeleton of healthy adult
women. Amenorrhea (cessation of
menstrual periods) after the onset of
puberty and before menopause is a very
serious threat to bone health and needs
to be attended to by individuals and their
health care providers.

Several medical conditions and
prescription medications can affect bone
health through various mechanisms, and
health care professionals should treat the
presence of such conditions and the use
of such medications as a potential red flag
that signals the need for further
assessment of bone health and other risk
factors for bone disease.

Smoking can reduce bone mass and
increase fracture risk and should be
avoided for a variety of health
reasons. Heavy alcohol use has been
associated with reduced bone mass
and increased fracture risk.
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Chapter 6

DETERMINANTS OF BONE HEALTH

As discussed in Chapter 2, bone is a
remarkable tissue with a functional structure (the
skeleton) that is strong enough to withstand
intense physical activity, adaptive enough to
respond to changes in activity, and lightweight
enough to allow efficient movement. Bone is
resilient because of its intrinsic material
characteristics (mass, density, mineral
composition, strength) and its dimensions (size,
shape, and structure). Throughout life, bone
must adapt to the stresses imposed upon it, and
its ability to do so depends on both lifestyle and
genetic factors. A variety of studies indicate that
genetic factors are responsible for determining
50-90 percent of bone mass and other qualitative
aspects of bone (Recker and Deng 2002).
Heredity not only sets limits on how much bone
a person acquires, but also on bone structure,
the rate of bone loss, and the skeleton’s response
to environmental stimuli like nutrients and
physical activity. Normal bone mass and
strength is controlled by many genetic elements
working in concert. The tendency to develop
bone diseases like osteoporosis and Paget’s
disease also appears to be due to genetic factors,
although this tendency may also be influenced
by environmental factors that are not yet
completely understood. Osteogenesis imperfecta
(OI), a condition in which bones break easily,
often for little or no apparent cause, is clearly
determined by the malfunction of specific

collagen genes that have been identified. The
search for the particular genes that control bone
mass and affect the tendency to develop bone
diseases is a very active area of research. Finding
these elements may lead to new therapeutic
strategies and prevention tools for osteoporosis.

While genetic factors play an important role
in determining bone mass, it is critical not to
underestimate the important role that individuals
can play in promoting their own bone health
status. In fact, controllable lifestyle factors such
as diet and physical activity are responsible for
10-50 percent of bone mass and structure. These
influences are illustrated in Figure 6-1.

Controlling these factors can literally mean
the difference between a frail and a strong
skeleton. This is because even relatively small
changes in bone mass can have a significant
impact on overall bone health. In fact, it has been
estimated that a 10 percent increase in bone mass
could reduce fracture risk by as much as 50
percent (Cummings et al. 1993). In other words,
paying attention to lifestyle factors such as diet
and physical activity throughout life can yield
bone health benefits that are equal to or greater
than those offered by the most powerful drugs
currently used to treat osteoporosis.

While good nutrition and regular physical
activity are important to bone health throughout
life, the optimal type of nutrition and activity
will vary across the life span, as will the impact
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that each will have on bone. As a result, this
chapter will analyze the evidence about the
key determinants of bone health. It uses a life
span approach, considering the following
phases: a) the growth phase that occurs
during childhood and adolescence; b) the
maintenance phase that occurs during young
to middle adulthood; ¢) the mid-life bone loss
phase that typically occurs in adults between
age 50-70; and d) the frailty phase that
typically occurs in adults over age 70. These
phases are general and do not correspond to
a specific chronological age in an individual.
Additional information on the various kinds
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of evidence and studies that are cited in this
chapter can be found in Appendix B, “How We
Know What We Know: The Evidence Behind
the Evidence.”

The goal of this chapter is to discuss the
evidence related to these controllable factors that
affect bone health throughout the different stages
of life. Most of the information in this chapter
focuses on osteoporosis and fracture;
unfortunately, there are no known preventive
regimens to address other bone diseases. Early
recognition and intervention is the optimal
strategy for these other bone diseases at the present
time, as described in Chapters 8, 9, and 10.



A Review of the Critical Life Stages of Bone
As discussed in Chapter 2, bone tissue
continues to renew itself, or remodel,
throughout life by breaking down old bone
(bone resorption) and replacing it with new
bone (bone formation). Figure 6-2 illustrates
how the skeleton changes over the life span.
Because lifestyle changes made during the
acquisition phase affect the achievement of peak
bone mass, these lifestyle changes are critically
important to bone health throughout life.
Adolescence is a particularly critical period
for bone health because the amount of bone
mineral gained during this period typically
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equals the amount lost throughout the remainder
of adult life (Bailey et al. 2000). As illustrated in
Figure 6-2, failure to achieve an optimized bone
mass at the end of adolescence leaves an
individual with much less reserve to withstand
the normal losses during later life. Most gains in
bone mass during puberty are due to an increase
in bone length and size rather than bone density
(Katzman et al. 1991). Fracture rates go up
during this period of extremely rapid growth,
possibly because the bone is temporarily weaker
because bone mineralization lags behind growth
in bone length (Khosla et al. 2003).

Bone Acquisition

Full Genetic Potential

Figure 6-2. Bone Mass Versus Age With Optimal and Suboptimal
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Review of the Life Stages of Bone, continued

After individuals achieve peak bone mass
in late adolescence, bone health is optimized by
maintaining as much of this bone mass as
possible throughout adulthood. Bone formation
and resorption are generally in balance with
each other during the young to mid-adult years,
so optimally bone mass is maintained at many
skeletal sites. There is bone loss at some skeletal
sites, such as the hip, before age 50, but it does
not normally compromise strength. Bone loss
begins or accelerates at midlife for both men
and women (Riggs et al. 2002), meaning that
the goal during this time of life is to keep bone
loss to a minimum and to recognize and avoid
both bone-specific and non-specific threats to

bone health, such as other illnesses and falls.
After age 40-50, bone loss may progress slowly
in both sexes, with a period of more rapid loss
in women surrounding the menopausal
transition. During this period of age-related
bone loss, both sexes may lose a total of 25
percent of bone. Bone loss continues in both
men and women after age 70 (Riggs et al. 2002).

These later stages in bone life are depicted in
Figure 6-3, which shows three women with
increasingly severe bowing of the spine
(kyphosis) due to osteoporotic fractures of the
spine. But fractures are not a natural consequence
of aging. Rather, they can be avoided, to some
extent, by focusing on controllable factors such
as diet and physical activity.

osteoporotic fractures of the spine.

Figure 6-3. The Progression of Osteoporosis

Note: Three women demonstrate increasingly severe bowing of the spine (kyphosis) due to

Source: Higgs and AAOS 2001.
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Nutrition’s Impact on Bone
Health: A Review of the Evidence

Nutrition and Bone Health: What

the Evidence Tells Us

e Research suggests that a well-
balanced diet is important for bone
health throughout life. Depending on
age, it may help increase or preserve
bone mass.

e Much of the research to date has
focused on calcium and vitamin D.
Calcium and vitamin D play crucial
roles in bone health, although other
nutrients are also important.

e The Institute of Medicine recom-
mends a steady increase in calcium
intake as children age, beginning with
210 mg per day in infants and rising
to 1,300 mg per day in those age 9-18.
Recommended levels drop to 1,000
mg per day in those age 19-50, and
then increase to 1,200 mg per day for
those over age 50. The same age-
dependent recommendations for
calcium apply to pregnant or nursing
women. Recommended levels of
vitamin D intake are 200 IU per day
for those under age 50, 400 IU per day
for those 50-70, and 600 IU per day
for those over age 70.

The evidence suggests that the composition
of the diet can play an important role in building
and maintaining bone mass throughout life,
primarily by providing bone-building nutrients
and by influencing absorption and retention of
these nutrients. In addition, diet provides calories
(energy input), which together with physical
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activity (energy output), determines body
weight. Maintenance of an adequate body weight
can help promote optimal bone health, as
discussed later in this chapter.

Background: Why Focus on Vitamin D and
Calcium?

As discussed later in this chapter, consuming
adequate levels of calcium and vitamin D
throughout life are critically important to an
individual’s bone health. The Institute of
Medicine conducted a major review of bone-
related nutrients in 1997 (IOM 1997) and
developed a set of evidence-based recommen-
dations for calcium and vitamin D intake. The
goal of this effort was to determine the level of
nutrient intake for normal, healthy individuals
that would prevent the development of a chronic
condition associated with that nutrient. While
many nutrients play a role in bone health,
calcium has been singled out as a major public
health concern today not only because it is a
critical nutrient for bone but also because of
national surveys that suggest that the average
calcium intake of individuals is far below the
levels recommended for optimal bone health
(Figure 6-4). One reason for these low levels of
calcium intake relates to current lifestyle and
food preferences, which have resulted in reduced
intake of dairy products and other naturally
calcium-rich foods. For some individuals lactose
intolerance may play a role in not consuming
adequate levels of calcium. Lactose intolerance
is a condition in which individuals cannot
metabolize lactose, the main sugar found in milk
and other calcium-rich dairy products. An
estimated 30-50 million Americans (about 25
percent of the U.S. population) are affected by
lactose intolerance, although to varying degrees.
While least common among Whites (it affects
about 15 percent of White adults), lactose
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Figure 6-4. Median Calcium Intakes of Females, 1988-1994,
Compared to Adequate Intake Recommendations
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intolerance is widespread among other ethnic
groups. Among the adult population, an
estimated 70 percent of African-Americans, 74
percent of Native Americans, 53 percent of
Mexican-Americans, and 90 percent of Asian-
Americans are affected (Jackson and Savaiano
2001, National Women’s Health Information
Center 2001).

Lactose intolerance has been shown to be
associated not only with low milk intake, but also
with low bone mass and increased risk of fracture
(Obermayer-Pietsch et al. 2004). Thus, these
individuals may experience a detrimental effect
on their bone health if they avoid consuming
dairy products and do not replace them with
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other good sources of calcium. Strategies to cope
with lactose intolerance are described in more
detail in Chapter 7.

While for most individuals the problem is
too little calcium, it is important to remember
that too much calcium does not have any additive
benefit, and can have negative effects in some
individuals. For this reason, the Institute of
Medicine set a tolerable upper limit for calcium
of 2,500 mg per day.

Vitamin D is important for good bone health
because it aids in the absorption and utilization
of calcium. The main source of vitamin D is
sunlight, and most people throughout the world
get their supply of vitamin D by the conversion



of precursors in the skin to active vitamin D, a
process caused by exposure to sunlight. Several
factors can limit the production of vitamin D by
the skin, including where one lives (those who
live in northern latitudes during the winter
months do not get adequate exposure to sunlight
(Webb et al. 1988)), how much body surface is
covered by clothing or sunscreen, the degree of
skin pigmentation (darker skin takes longer to
make active vitamin D), and age (older
individuals are less efficient in making vitamin
D). Strategies for overcoming some of these
limitations are discussed in Chapter 7.

Due to concerns that individuals do not get
enough vitamin D through sunlight,
recommendations for intake are set at a level to
be adequate for individuals having no sun
exposure. The most accurate way to tell if an
individual or population group is getting enough
vitamin D is by measuring levels of serum 25-
hydroxy vitamin D. These levels have been
measured in various populations, and they
indicate a high prevalence of vitamin D
insufficiency in nursing home residents,
hospitalized patients, and adults with hip
fractures (Webb et al.1990, LeBoff et al. 1999,
Thomas etal. 1998). Vitamin D levels commonly
deteriorate in older adults, and thus the
requirement for vitamin D increases with age.
But inadequate vitamin D levels can be a
problem at any age. Exclusively breast-fed
infants, particularly non-Whites or infants with
decreased sunlight exposure, are at greatest risk.
As aresult, the American Academy of Pediatrics
(Gartner and Greer 2003) recommends
supplementing breast-fed infants with vitamin
D, since breast milk may be a poor source of
vitamin D. Infant formulas are fortified with
appropriate levels of the vitamin.

Finally, as with calcium, too much vitamin
D can be harmful to the skeleton as well. Vitamin
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Absorption of Calcium

To reach the skeleton, calcium eaten in
the diet must first be absorbed into the body.
In fact, much of the calcium consumed in
the diet does not make its way to the skeleton;
studies indicate that in adults only about 30
percent of calcium intake is actually absorbed
by the body (IOM 1997). Moreover, some
calcium is excreted from the body into the
intestine so that the actual net absorption is
even lower (Heaney and Abrams 2004).

Several factors can affect the body’s
ability to absorb dietary calcium, including
vitamin D and estrogen. Deficiencies in
either can reduce calcium absorption. The
problem of reduced calcium absorption is
more acute in older persons, who absorb less
dietary calcium because their intestines are
no longer as responsive to the action of 1,25-
dihydroxy vitamin D (Heaney et al. 1989).
Poor absorption of calcium can be overcome
by increasing overall calcium intake and
maintaining adequate levels of vitamin D.

D is a fat-soluble vitamin, so it can be stored in
the body. Excess vitamin D can be toxic, leading
to hypercalcemia, kidney failure, and calcification
of soft tissue IOM 1997). As aresult, the Institute
of Medicine has established a tolerable upper
limit for dietary vitamin D intake of 2,000 IU
per day. Physicians will often use much higher
levels, however, to correct deficiencies.

The Evidence Supporting the Effect of
Calcium and Vitamin D on Bone

Individuals who consume adequate amounts
of calcium and vitamin D throughout life should
enjoy better overall bone health for two reasons.
First, they are more likely to achieve optimal
skeletal mass early in life, and second, they are
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less likely to lose bone later in life. The net result
should be higher bone mass and fewer fractures.
Selected evidence to support the relationship
between these nutrients and bone health during
different stages of life is summarized below.

The Growth Stage (Children and Adolescents)

The role of calcium and other minerals in
achieving peak bone mass begins before birth.
Premature infants tend to have lower bone
mineral content later in life, although this may in
part be due to their tendency to be light and short
for their age (Fewtrell et al. 1999, Bowden et al.
1999). Low birth weight is also associated with
low bone mass later in life (Yarbrough et al. 2000,
Antoniades et al. 2003). As discussed in Chapter
10, providing premature and low birth-weight
infants with supplemental calcium, phosphorus,
and protein may help them to “catch up.”

Many observational studies make it clear that
the role of calcium in achieving optimal peak
bone mass continues into childhood and
adolescence (Heaney et al. 2000). Perhaps the
most often cited study is that of Matkovic et al.,
who compared two regions of Croatia with
different intakes of calcium (Matkovic et al.
1979). Although the high-calcium region had
lower fracture rates, the populations differed in
other variables such as exercise that could
partially explain the different fracture rates. This
study spurred further research into the role of
childhood and lifetime calcium consumption on
the risk of osteoporosis and fracture.

Several randomized clinical trials have
examined the effect of calcium supplements or
calcium-rich foods in children and adolescents
(Leeetal. 1994, Lee etal. 1995, Lloyd etal. 1993,
Nowson etal. 1997, Bonjour et al. 2001, Johnston
etal. 1994, Dibba et al. 2000, Cadogan et al. 1997,
Merrilees et al. 2000, Chan et al. 1995). These
studies have been combined and summarized in
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a meta-analysis (Wosje and Specker 2000),
which concluded that higher calcium intake
increases bone mineral density (BMD) in
children and adolescents in certain
circumstances. Increases in BMD were more
likely in cortical bone sites and among
populations with low baseline calcium intakes,
and in most studies the increase did not persist
beyond the calcium supplementation period. A
tew studies have examined the impact of higher
calcium intake over time. Results from most of
these studies suggest that the intake must be
maintained for the positive effects on bone to
persist (Bonjour et al. 2001, Slemenda et al. 1997,
Lee et al. 1996).

Adequate levels of calcium intake may also
be important in maximizing the positive effect
of physical activity on bone during the growth
period. Two recent studies found that physical
activity was more beneficial to bone health in
infants or young children consuming higher
amounts of calcium (Specker et al 1999, Specker
and Binkley 2003).

There have been no randomized clinical trials
to measure the impact of vitamin D supplements
alone on bone health in children and adolescents.
However, vitamin D deficiency is known to
cause inadequate mineralization of the growing
skeleton, leading to rickets (Goldring et al. 1995).
In addition, one small observational study found
higher bone density in prepubertal girls who
took vitamin D supplements during infancy
(Zamora 1999).

The Maintenance Stage (Adults)

Eating adequate amounts of nutrients
continues to be important during the young adult
years when bone formation and bone resorption
are balanced. Unfortunately, most studies of diet
and supplement use and bone health have
focused on either younger or older individuals.



A meta-analysis of calcium and bone density in
premenopausal women indicated that calcium
had a positive effect on BMD in this group, as
the supplemented groups lost less bone per year
(Welten et al. 1995). However, only one of the
four intervention studies in this meta-analysis
used a double-blinded, placebo-controlled
design. In addition, these studies focused on
premenopausal women between the age of 30
and 55, not on younger adult women. There have
not been many studies of vitamin D in young
adults. One study did find that even young men
may experience low vitamin D levels in the
winter, and that these low levels were associated
with lower BMD (Valimaki et al. 2004). More
information is needed about the role of calcium,
vitamin D, and other nutrients in maintaining
bone in this age group of women and in men.

The Early Bone Loss and Frailty Stages
(Older Adults)

Most randomized clinical trials examining
the effect of calcium and vitamin D on bone
health have focused on postmenopausal women
and the elderly, so the role of these nutrients in
promoting bone health is more clearly
established for this age group. In fact, a carefully
conducted meta-analysis of randomized clinical
trials on the effects of calcium supplementation
for the prevention of postmenopausal
osteoporosis was recently published (Shea et al.
2002). The investigators performed a thorough
search to identify all trials (including
unpublished ones) examining the effect of
calcium (with minimal vitamin D) on bone
density and fractures in postmenopausal women
since 1966. Of the 66 trials that were identified
and screened, 15 met the inclusion criteria. After
analyzing these trials, the investigators
concluded that calcium supplements reduced
bone loss by approximately 2 percent after two
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or more years of use. More importantly, their
results suggested that calcium supplements led
to a significant (roughly 23 percent) reduction
in the risk of spine fractures.

Just as with children, moreover, it appears
that there may be a positive interaction between
the effects of physical activity and calcium on
bone health in older adults. (This relationship is
discussed further in the section on physical
activity.) Calcium may also help enhance the
effect of drugs that reduce bone loss, such as
estrogen and bisphosphonates (e.g., drugs that
restrict the action of cells that resorb bone)
(Heaney 2001).

A carefully conducted meta-analysis of
randomized trials on the effect of vitamin D on
bone density and fracture risk has also been
recently conducted (Papadimitropoulos et al.
2002). All trials, including unpublished studies,
conducted since 1966 were evaluated, with 25
meeting the criteria for inclusion. While the
results from the different trials tended to vary
somewhat, the authors concluded that vitamin
D supplements reduced the risk of spine
fractures by approximately 37 percent. This
decline in fracture risk may be due in part to
vitamin D’s ability to reduce the risk of falls.
Vitamin D may reduce falls by acting directly
on muscle. There are vitamin D receptors in
human muscle that may play a role in increasing
muscle strength and thereby enhancing stability
(Bischoff et al. 2001). While elderly individuals
who are vitamin D deficient face an increased
risk of falls (Flicker et al. 2004), studies have
shown that vitamin D supplementation in these
individuals may negate this effect (Bischoff et
al. 2003, Latham et al. 2003, Dukas et al. 2004).
It is important to note that the design of many
of the randomized, controlled trials examining
the effect of vitamin D supplements on bone loss
or fracture incidence also called for participants
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to use a calcium supplement. Thus, it is not
possible to isolate the benefits of calcium and/or
vitamin D alone in these studies. While a few
studies have simultaneously evaluated the effects
of the two nutrients separately, the results are
mixed. For example, one study found that
calcium prevented hip bone loss in most elderly
men and women, but vitamin D only modestly
lowered bone loss (Peacock et al. 2000). In a
different study, annual vitamin D injections did
not prevent hip fractures (Heikenheimo et al.
1992). However, in a third randomized,
controlled trial, 400 IUs of vitamin D per day
prevented hip bone loss over 2 years in elderly
women (Ooms et al. 1995). In a recent study,
vitamin D supplementation was found to have
more beneficial effects when used in
combination with calcium supplementation in
women who had suffered a hip fracture
(Harwood et al. 2004). Thus, the question of the
role of vitamin D alone in promoting bone health
remains unresolved. Vitamin D can probably be
most effective in populations with an underlying
deficiency and in those individuals for whom
other components of bone health, such as
adequate levels of calcium and physical activity,
are optimized.

It may not be realistic, however, to try to
dissect the individual contributions of calcium,
vitamin D, and physical activity on bone health,
since they all need to be optimized. As a result,
some studies have looked at the impact of
combinations of the three on bone health. The
most promising study of a combination of
calcium and vitamin D on bone fractures was
conducted in France in the early 1990s (Chapuy
etal. 1992). Over 3,000 elderly women received
supplements with calcium and vitamin D or
placebo pills. Hip fractures were reduced by 43
percent among the women treated with vitamin
D and calcium compared to those who received
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placebo. This is the only large trial to date to
show a reduction in hip fractures due to
supplements. The women in the study were
quite elderly (average age 83) and vitamin D
deficient, so it is possible that correcting the
deficiency led to the dramatic drop in fractures.
In a smaller study of elderly individuals in New
England, Dawson-Hughes and colleagues
showed that supplementation with calcium and
vitamin D moderately reduced bone loss and the
incidence of non-spine fractures (Dawson-
Hughes et al. 1997). Tests of calcium and vitamin
D supplementation to prevent hip fractures are
currently being conducted in a large population
of healthy postmenopausal women in the
Women’s Health Initiative; these results should
be available in late 2005 (Jackson et al. 2003).

Other Nutrients With a Role in Bone Health

Bone health requires more than just attention
to calcium and vitamin D. In fact, data suggest
that many other nutrients can affect bone in
positive or negative ways. (For more
information, see Table 7-5, which lists some of
the other nutrients that can affect bone.) The
roles of many of these nutrients with respect to
bone health have not been as well established as
for calcium and vitamin D. Since the vast
majority of individuals consume an appropriate
amount of these nutrients (i.e., not too much or
too little), they have not become a target for
special attention.

Nevertheless, the Institute of Medicine
recently considered other bone-related nutrients,
including phosphorus, magnesium, and fluoride
(IOM 1997). Phosphates make up more than half
the mass of bone mineral. About 85 percent of
the body’s phosphorus and 60 percent of the
body’s magnesium are found in the skeleton.
Both phosphorus deficiency and excess have
been considered as having adverse effects on
bone health (Heaney 2004), but both can be



avoided with a healthy diet. Magnesium may
enhance bone quality by influencing growth of
crystals of hydroxyapatite, the mineral
compound found in bone. Fluoride is known to
reduce cavities in teeth, a hard tissue that is
similar to bone, but its role in maintaining
skeletal health i1s less clear IOM 1997). Other
nutrients/dietary components that appear to play
a positive role in bone health include vitamin K,
vitamin C, copper, manganese, zinc, and iron.
These micronutrients are essential to the
function of enzymes and local regulators and
therefore are important to forming the optimal
bone matrix.

Potassium also appears to play an important
role in bone health. Diets abundant in potassium-
rich fruits and vegetables may reduce the need for
calcium to be mobilized from the skeleton.
Epidemiologic and short-term intervention studies
suggest higher intakes of alkaline potassium salts
reduce urine calcium excretion and markers of bone
resorption and have been associated with increased
bone density (Barzel 1995, Sellmeyer et al. 2002,
New et al. 2000, New et al. 2004, Tucket et al.
1999, Sebastian et al. 1994).

It is important to remember that some
dietary components may negatively affect
calcium balance. While their effects tend to be
small, these include caffeine, protein, and excess
phosphorus intake (i.e., more than 3-4 grams per
day) (Fitzpatrick and Heaney 2003; Kerstetter
etal. 2003). Sodium also affects calcium balance
by increasing its excretion, and high-salt diets
are fairly common in the United States. But
unlike with these other nutrients, the effects of
sodium on calcium balance are more
pronounced. Results of two studies in adult
women suggest that each additional gram of
sodium eaten per day increases bone loss by 1
percent per year, unless the extra calcium lost in
the urine is replaced by more calcium in the diet
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(Devine et al. 1995, Shortet al. 1988). The
negative effects of sodium and these other dietary
components can be countered by consuming an
adequate amount of calcium in the diet. Diets
high in sodium are associated with hypertension.
Therefore, lowering intake of sodium in concert
with meeting calcium requirements is prudent
(USDA 2000). Finally, although protein causes
some loss of calcium from the body, only very
high protein diets that are not compensated for
by extra calcium are a concern (Dawson-Hughes
2003). In fact, higher protein intakes may be
associated with higher levels of IGF-1, a marker
of bone formation, and lower levels of urinary
n-telopeptide crosslinks, a marker of bone
breakdown (Dawson-Hughes et al. 2004). Far
more serious is the low protein intake of many
older persons (Rizzoli and Bonjour 2004).
Inadequate protein intake negatively affects
bone health in the elderly (Kerstetter et al.
2003) and may diminish the ability to repair
and recover from fractures (Schurch et al. 1998).
Nutritional supplementation has been
recommended as a means of boosting protein
intake in elderly individuals recovering from a
hip fracture (Schurch et al. 1998), although the
evidence to support this approach is limited
(Avenell and Handoll 2004). Finally, excess
dietary vitamin A (as retinol) may also
negatively affect bone health by increasing bone
resorption (Sheven and Hamilton 1990).
Since many nutrients in addition to calcium
and vitamin D play a role in bone health, it is
important to consume a well-balanced diet
containing a variety of food, rather than just
focusing on one or two bone-related nutrients.
This approach can have positive effects on other
aspects of health as well. For example, the
DASH diet (Dietary Approach to Stop
Hypertension), which encourages fruit and
vegetable intake in addition to more calctum and
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less sodium intake, has been linked to lower bone
turnover and better cardiovascular status (Lin
et al. 2003). In a recent study of young girls a
high intake of fruits and vegetables was
associated with increased bone mineral content
(Tylavsky et al. 2004). Fruit and vegetables also
provide vitamins, minerals, and fiber, and should
be encouraged for overall good nutrition. As
alluded to above, abundant potassium intake via
increased fruit and vegetable intake may be
particularly beneficial for skeletal health. Specific
suggestions for selecting a well-balanced diet are
provided in Chapter 7.

Physical Activity

Physical Activity, Body Weight, and Bone
Health: What the Evidence Tells Us

e Physical activity is important for bone
health throughout life.
~ Depending on age, it may help
increase or preserve bone mass.
~ It may also help reduce the risk of
talling.
e All types of physical activity can
contribute to bone health.
~ Activities that are weight bearing or
involve impact are most useful for
increasing or maintaining bone mass.
~ Some activities that are not weight
bearing or are low impact may help
improve balance and coordination
and maintain muscle mass, which can
help prevent falls.
~ Specific recommendations are given
in Chapter 7.

Physical activity of all kinds has overall
benefits to health and weight maintenance.
Regular physical activity lowers risk factors for
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cardiovascular disease, colon cancer, and type 2
diabetes, and helps to control blood pressure
(USDA 2000). Physical activity plays an
important role in skeletal health because, as
discussed in Chapter 2, bone mass is responsive
to the mechanical loads placed on the skeleton.

Background: Why Focus on Physical Activity?

As discussed in Chapter 2, the body
constantly monitors the strain on bones caused
by muscle action, and any substantial increase
in these forces signals the need to build more
bone. Conversely, reductions in biomechanical
forces from lower activity levels or loss of
muscle mass (sarcopenia) signals less need for
bone, which leads to the elimination of bone.
The latter process may be worsened by
estrogen deficiency, which appears to reduce
the sensing of biomechanical strains by bone
cells (Riggs et al. 2002).

Physical activity has been identified as one
of the Leading Health Indicators in the Healthy
People 2010 health objectives for the Nation
during the next decade. It is one of the most
important controllable lifestyle changes to help
prevent (or reduce the risk of) a number of
chronic conditions, including heart disease,
diabetes, and some cancers. It also helps with
weight control and the lessening of symptoms
related to arthritis (USDHHS 19996).

Many adult Americans do not engage
regularly in leisure-time physical activity. As
shown in Figure 6-5, the participation by both
men and women declines with age, with women
being consistently less active than men (Schiller
et al. 2004). The same problem exists for
children. Many children become far less active
as they pass through adolescence. Only half of
those age 12-21 exercise vigorously on a regular
basis and 25 percent report no exercise at all
(Gordon-Larsen et al. 1999). Children may find
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Figure 6-5. Percent of Adults Aged 18 Years and Over Who Engaged
in Regular Leisure Time Physical Activity, by Age Group
and Sex: United States, January-September 2003

- Total Male - Female

I 95% confidence interval

Percent

60—

50

40

-+

—

30

—

20

10

18-24 25-64 65-74 75 and over

Age Group (years)

Note: This measure reflects the definition used for the physical activity leading health indicator in
Healthy People 2010. Regular leisure-time physical activity is defined as engaging in light-
moderate leisure-time physical activity for greater than or equal to 30 minutes at a frequency
greater than or equal to five times per week, or engaging in vigorous leisure-time physical activity
for greater than or equal to 20 minutes at a frequency greater than or equal to three times per week.
The analyses excluded 697 persons (3.0%) with unknown physical activity participation. For both
sexes combined, the percent of adults who engaged in regular leisure-time physical activity
decreased with age. For all age groups, women were less likely than men to engage in regular
leisure-time physical activity.

Source: Ni et al. 2004.
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it difficult to get daily physical activity in schools.
While most schools have requirements for
physical activity of some kind, only 8 percent of
elementary schools, 6.4 percent of middle/junior
high school, and 5.8 percent of senior high
schools provide physical education on a daily
basis (SHPPS 2001). At the other extreme, some
girls and young women, especially those training
for elite athletic competition, exercise too much,
eat too little, and as a result develop delayed
puberty or amenorrhea (cessation of menstrual
periods). These girls are at risk for low bone mass
and fractures (Warren 1999). One of the national
health objectives for 2010 is to increase to 30
percent the proportion of adults who perform,
more than 2 days per week, physical activities
that enhance and maintain muscular strength
and endurance (USDHHS 2000). Only 12
percent of people age 65-74 and 10 percent of
those over age 75 meet that objective,
underscoring the need for programs that
encourage older adults to incorporate strength
training and regular physical activity into their
lives (Kruger et al. 2004).

To encourage increased levels of physical
activity among all age groups, “Physical Activity
and Health: A Report of the Surgeon General”
recommends a “minimum of 30 minutes of
physical activity of moderate intensity (such as
brisk walking) on most, if not all, days of the
week” (USDHHS 1996). Children and
adolescents should aim for at least 60 minutes of
physical activity per day (USDA 2000). In
addition to helping achieve healthy weight and
avoid chronic diseases like heart disease and
diabetes, this type of physical activity can benefit
skeletal health by building muscle mass and
promoting balance and coordination, which may
help individuals avoid falls and/or minimize the
impact if a fall does occur. But the skeleton
responds preferentially to strength training and
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short bouts of high-load impact activity (such as
skipping or jumping), both of which improve
bone mass and strength, as discussed below. In
light of this, “Physical Activity and Health: A
Report of the Surgeon General” also
recommended that adults supplement their
cardiorespiratory endurance activity with
strength-developing exercise at least two times
per week (USDHHS 1996). Chapter 7 will
address some specific ways to incorporate
strength and loading activities into an overall
habit of physical activity.

Physical Activity and Bone Health: A Review
of the Evidence

This section will discuss the evidence of
the impact of exercise and physical activity
on fractures and on bone mass and other bone
qualities.

Impact of Physical Activity on Fractures

Although no randomized intervention trials
have addressed the issue, data from longitudinal
observational studies have shown a link between
physical activity and reduced fracture risk. In
these studies, subjects are asked about their
physical activity habits and then followed for
some period of time to determine if they fracture.
As suggested earlier, this study design cannot
prove that physical activity causes a reduction
in risk, since there is an inherent bias in the
study—i.e., that healthy people are able to be
more active. A number of risk factors for
osteoporosis and fracture (e.g., health, diet, body
size) may be unequally distributed between
those who choose to be physically active and
those who do not. Nevertheless, recent reviews
of the epidemiologic evidence suggests that
physical activity is associated with reduction in
the risk of hip fracture in both men and women
and that there is a “dose-response” effect, i.e.,
risk goes down as physical activity level goes up
(Gregg et al. 2000, Karlsson 2002). In a large



Challenges in Studying the Impact of
Physical Activity on Bone Health

One of the biggest challenges to
researchers in determining the effect of
physical activity on bone is to have an
accurate and measurable outcome. Fracture
would be the best outcome to study, but
there are no large studies that have
determined the effect of physical activity on
the risk of fracture using a randomized
clinical trial design. Most physical activity
studies have had small sample sizes and have
used BMD, as measured by dual-energy x-
ray absorptiometry (DXA), as the outcome.
As described in Chapter 8, DXA
measurements of bone-mineral content
(measured in grams) and areal bone-mineral
density (g/cm’® [grams per centimeter
squared]) do not directly measure bone size
or reflect bone geometry, and thus they can
significantly underestimate the effect of
physical activity on overall bone strength
(Jarvinen et al. 1999). Thus, while a
convenient measure, BMD may not be
sensitive to the multiple effects of physical
activity on the musculoskeletal system.

study of older women (Gregg et al. 1998), higher
levels of leisure time physical activity and
household chores were associated with an overall
36 percent reduction in hip fractures. The effect
varied with the level of the activity, with very
active women having greater reductions in risk
compared with inactive women. However, even
walking, the most common leisure time physical
activity for women, can have a positive effect on
bone health. For example, the Nurses Health
Study concluded that walking at least 4 hours
per week was associated with a 41 percent lower
risk of hip fracture compared with walking less
than an hour per week, even among women who
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did no other exercise (Feskanich et al. 2002).
Several other longitudinal observational studies
have confirmed a similar reduction in hip
fracture risk in men who exercise regularly
compared to inactive men (Paganini-Hill et al.
1991, Kujala et al. 2000).

Impact on Bone Mass, BMD, and Other

Bone Qualities

Randomized intervention trials that focused

on the effects of physical activity on bone mass
(either bone mineral density or bone mineral
content) have identified some important points
about physical activity and skeletal health.

o First, these studies show that bone mass
is improved, but only at the skeletal sites
that received the impact. In other words,
lifting weights with arms will not improve
bone density of the hips.

e Second, the effects of physical activity on
bone health will vary by age, and thus
younger individuals should be studied
separately from older individuals.

e 'Third, the effect of physical activity on
bone does not persist if the activity level
is stopped or reduced (an exception may
be the effect of physical activity on bone
that occurs during childhood and
adolescence). Thus, as with intake of
dietary calcium, physical activity levels
need to be maintained for optimal bone
health to be achieved.

e Fourth, the effect of physical activity on
bone appears to be greater in those who
are less active than in those who are already
active, e.g., bone gains will be greater in a
sedentary person who becomes physically
active than in an active person who
increases his or her level of physical activity.

More specific evidence supporting these

points is presented on the following pages.
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Children and Adolescents. As noted earlier,
physical activity appears to increase the positive
effects of calctum. A randomized trial of physical
activity with or without supplemental calcium
in young children (3-5 years old) indicated that
calcium intake can modify the bones’ response
to physical activity (Specker and Binkley 2003).
In this study, bone mineral density was not the
most sensitive indicator of physical activity
effects on bone; rather it was primarily the shape
and size of bone that was being affected. The
combination of both increased activity and 1,000
mg of supplemental calcium increased the width
of the cortical bone and the entire diameter of
the bone in the leg more than did exercise alone.
Both of these changes suggest greater bone
strength, and they are particularly important if
they represent permanent differences. The study
results also suggest that high calcium is necessary
to realize the full potential benefits of physical
activity on the bone of children. A different
study of tennis players found that loading
exercises before puberty increased bone size and
bone’s resistance to bending (Bass et al. 2002).

The pubertal phase of adolescence is a
particularly valuable time to improve bone mass
via physical activity. As noted previously, the
period of puberty represents a 2- to 3-year
window when, on average, 25-30 percent of total
body adult bone mass is gained (Bailey et al.
2000). During this period, bone may be
especially responsive to activity-induced loading
(MacKelvie et al. 2002). Hormone levels may
also influence the amount of bone gained during
this period. In a trial with prepubertal and early
pubertal girls, greater gains in bone mass with
physical activity were seen in the girls in early
puberty, possibly because of their increasing
estrogen levels (MacKelvie et al. 2001).

A study conducted in Finland provided even
more evidence of the benefits of physical activity

126 Chapter 6

during puberty. This study compared the bone
mineral content of the playing arm of adult
woman tennis and squash players with their non-
dominant arm. In other words, each woman in
the study served as her own control (Kannus et
al. 1995). Most people have about a 3—5 percent
difference in their dominant and non-dominant
arm, which reflects greater use of the dominant
arm in everyday life. In the racquet players, the
difference in bone content between the two arms
was much greater (12-16 percent), due to their
training regimen. But the difference was twofold
greater when the comparison was restricted to
women who began training before puberty
versus those who took up the sport later (Figure
6-6). This observation underscores the
importance of the timing of physical activity and
supports the concept that there is a “window of
opportunity” during childhood and adolescence
for building bone (Khan et al. 2000).
Exercise-intervention studies in girls (Morris
et al. 1997) suggest that relatively short periods
of appropriate exercise can stimulate bone gain
at trabecular bone sites (hip and spine). Jumping
activities appear to be particularly effective, and
the greatest gains occur in early or mid-puberty
(MacKelvie et al. 2003). High-intensity jumping
improves both hip and lumbar spine bone mass
and increases bone area in pre-pubertal children
(Fuchs etal. 2001). Moreover, the bone mass gains
at the hip that accrue from high-impact jumping
are retained for at least a short period of time (an
equivalent period of detraining) (Fuchs and Snow
2002). Thus, jumping from a moderate height
(roughly 20 inches is a safe, effective, and simple
method of improving bone mass and size in
children, and these activities could easily be
incorporated into physical education classes)
(Figure 6-7). What is not clear, however, is
whether or not early gains in bone mass and
geometry confer a long-lasting reduction in
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Racquet Players

Figure 6-6. Bone Mass Differences in the Playing Arms of Women
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Note: Most people (controls) have a small difference in bone mass between their dominant and
nondominant arm due to greater daily, though not strenuous, use of the arm. In competitive
racquet sport players (tennis or squash), the differences in the two arms are exaggerated.
Moreover, if the player began rigorous training before puberty the differences can be greater than
20%. This indicates the powerful influence of physical activity during the adolescent period.

After Puberty Before Puberty

Source: Kannus et al. 1995.

fracture rate. Although some evidence supports
a lasting beneficial effect of early sports training
and exercise on bone (Kontulainen et al. 2001,
Bass et al. 1998), this area remains controversial
and it may be that stopping exercise or reducing
its intensity over time may lessen its benefit in
old age (Seeman 2001). For example, Karlsson et
al. (2000) found little residual protection in soccer

players who had been retired for more than 20
years. So the benefits of physical activity in
reducing fracture risk, even if started in youth
when bone is most malleable, may be attenuated
if an individual becomes sedentary later in life.

Adults. Because adulthood is a time of bone
conservation—not bone building—the primary
impact of physical activity is to maintain bone mass
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puberty.

Figure 6-7. High-Intensity Jumping Improves Hip and Lumbar
Spine Bone Mass and Size in Pre-Pubertal Children

Note: Jumping from a moderate height of approximately 20 inches is safe and effective in
increasing bone mass and size in children, with the greatest gains occurring in early or mid-

Source: Fuchs et al. 2001. Reproduced from ] Bone Miner Res 2001: Jan;
16(1): 148-56 with permission of the American Society for Bone and

Mineral Research.

during this stage. While it is not possible to assign a
specific age range to this period of bone
maintenance, it would optimally last from the end
of puberty until age- or menopause-related bone
loss begins. Very little research has focused on the
impact of physical activity on bone mass in this age
range. However, several reviews and meta-analyses
have included pre-menopausal women (Wolft et
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al. 1999, Wallace and Cumming 2000, Kelley
et al 2001) and they have generally found a
modest but consistent positive effect
(approximately 1 percent) from exercise on BMD;
a similar effect was found in postmenopausal
women. The effect is more clear at the spine than
the hip, and no optimal types of exercise could be
discerned from these analyses.



The Cochrane Collaboration has reviewed the
trials of exercise for preventing or treating
osteoporosis in postmenopausal women
specifically (Bonaiuti et al, 2002). These analyses
indicated that aerobic, weight-bearing, and
resistance exercises were all effective in increasing
BMD at the spine, while walking (as an exercise
intervention) was effective in increasing BMD at
both the hip and spine.

As alluded to earlier, there is a synergistic
effect between physical activity and calcium
intake. A meta-analysis of 17 randomized and
nonrandomized intervention trials in peri- and
postmenopausal women suggests that physical
activity is more beneficial in increasing BMD in
individuals with high calcium intakes (1,000 mg
per day) than in those with lower calcium intakes
(Specker 1996). Not all of the studies, however,
reported on the calcium intake of participants.

In postmenopausal women, physical activity
programs also serve the all-important role of
maintaining bone mass. Maintaining bone at a
time when bone loss typically increases provides
important benefits for the skeleton. Although
results may vary, studies suggest that high-impact
loading such as jumping, strength-training
exercises, or a combination of these can slightly
increase or conserve spine bone mass in healthy
postmenopausal women and also has a positive
effect at the hip (Bassey and Ramsdale 1994, Kohrt
etal 1995, Going et al 2003).

One of the few studies to date that included
men over age 60 showed significant increases in
bone mass among exercisers after 4-8 months
(Blumenthal et al 1991). These results are consistent
with those found for adult women. In addition,
one meta-analysis found that site-specific exercise
may help to improve and maintain BMD in men
over age 30 (Kelley et al, 2000).

Older Adults (Frailty). Regular physical

activity is particularly important for frail older
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persons, because it delays the onset of functional
limitations and loss of independence that are
common in this population, especially those over
age 75 (Singh 2002). Thus, the substantial
reduction in physical activity that is typically
seen in individuals as they get older (which was
documented earlier in this chapter) represents
another important threat to bone health.
Maintaining, or preferably increasing, customary
physical activity can mitigate some of the
musculoskeletal problems of aging and can also
provide many other health benefits. Although
physical activity must be maintained to preserve
bone mass in this age group, the biomechanical
strains from enhanced physical activity may
promote increases in bone size that can help
preserve bone strength even in the face of bone
loss (Kaptoge et al. 2003). This protective
expansion of bone area is more pronounced in
men, possibly because of their higher
testosterone levels.

One of the biggest bone-related problems
facing the frail elderly relates to the loss of muscle
strength and function (Doherty 2003).
Sarcopenia is the involuntary loss of skeletal
muscle mass and function that occurs as people
age. On average, 5 percent of muscle mass is lost
per decade after age 30 and this loss may
accelerate after age 65. This muscle loss results
in impaired functional performance and
increased risk for falls. It is unclear whether the
age-related decrease in muscle size and strength
is related to the age-related decrease in BMD, or
whether both contribute to increased fracture
risk independently.

The mechanisms that underlie sarcopenia are
just beginning to be understood. As people age,
their ability to synthesize certain proteins
decreases in comparison to their ability to break
down protein. This leads to loss of type II, or
fast-twitch, muscle fibers. Several other age-

Determinants of Bone Health 129



A Report of the Surgeon General

related changes are also thought to contribute to
sarcopenia, including declines in: a) enzyme
activity in the muscle cell mitochondria; b)
hormones important in muscle turnover, such
as testosterone and growth hormone; and c)
muscle blood flow and nerve function
(Greenlund and Nair 2003). Sarcopenia occurs
in all individuals to some degree as they age, but
it can be accelerated by a variety of factors,
including chronic illness, inactivity, and poor
nutrition, especially inadequate protein and
caloric intake. Although physical activity cannot
completely reverse the effects of aging, it can
increase mitochondrial enzyme activity. Muscle-
strengthening exercises and activities appear to
improve strength and performance even in frail
nursing home residents (Morris et al.1999). Thus
it appears that physical activity and muscle
strengthening may be useful for treating or
preventing sarcopenia.

The response of elderly individuals’ muscles
to physical activity may have greater significance
to bone health than does the response of BMD.
Muscle strengthening reduces the risk of fractures
by improving balance, mobility, and speed of
movement, each of which helps to prevent or
reduce the severity of falls. In fact, muscle strength
seems highly adaptable to physical activity in the
elderly, with increases of over 100 percent being
reported in men in their 80s and 90s who exercise
(Fiatarone et al. 1990). This increase is far greater
than the corresponding increase in muscle volume
and BMD. A training program for 21 men over
60 resulted in a 39 percent increase in upper body
and a 38 percent increase in lower body strength,
as well as a 3 percent increase in femoral neck
BMD (Ryan et al. 1994). Generally, strength,
flexibility, balance, and reaction time—the factors
most amenable to modification—can be addressed
in exercise intervention programs to prevent falls

in the elderly (Lord et al. 2002). Several large
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studies have reported that exercise leads to 10
percent fewer falls, while balance training leads
to 17 percent fewer falls (Province et al. 1995). In
a series of key studies, lower limb strength and
balance exercises reduced the rate of falls among
women age 80 and older (Robertson et al. 2002).

Weight

Weight: What the Evidence Tells Us

e Very low body weight in children and
adolescents may limit peak bone mass.

e Low body weight increases the risk of hip
fracture in older women.

e Weightloss of 10 percent or more in older
women also increases the risk of hip
fracture.

Maintaining a healthy body weight is one of
the goals of Healthy People 2010 (USDHHS
2000). Although overweight and obesity are the
focus of most health campaigns that focus on
weight, low body weight can be a problem for
bone health. A higher body weight may
influence BMD through a variety of
mechanisms, including higher mechanical
loading, more muscle mass, higher levels of sex
hormones and their precursors, and lower bone
turnover (Nelson et al. 2002). Body weight may
also be related to the level of fat padding, which
can provide a cushion during a fall on the hip.

Body weight and pubertal development are
the most consistent predictors of bone mass in
adolescents (Bachrach 2001, Heaney et al. 2000).
Fear of fat and obsession with thinness among
pre-teen and teenage girls frequently translates
into diets that fail to meet their caloric, calcium,
and protein needs. Young women who
repeatedly diet to lose weight also have lower



bone density, even if they are not underweight
(Van Loan and Keim 2000).

Both low body weight and weight loss have
been associated with reductions in bone mass
and increases in fracture risk in epidemiologic
studies. In a follow-up to the first NHANES,
women who were relatively thin in middle age
(age 50-64) and had lost at least 10 percent of
their body weight had the highest risk of hip
fracture (Langlois et al. 2001). Although body
weight is very strongly associated with BMD
(Reid 2002), the relationship of body weight to
bone mass is confounded by the fact that smaller
people tend to have smaller bones and lower
bone mass. Nevertheless, they can have a
perfectly adequate skeleton.

Low body weight and weight loss are a
particular problem for the elderly, as they may
signal a variety of medical problems. Older
women who are thin have a higher risk of hip
fracture (Farmer et al. 1989, Kiel et al. 1987).
Although “thin” has been defined variably in
different studies and may be open to clinical
interpretation, a large prospective study of older
women found a roughly twofold increased risk
of hip fracture in women who were below 127
pounds (Ensrud et al. 1997). This study also
found no protective effect from increasing
weight in these thin women. The increased risk
was entirely attributable to hip bone density,
which has led to the suggestion that low body
weight be used as a surrogate for increased
fracture risk when bone density measurements
are unavailable. As discussed in Chapters 8 and
10, weight is used in some assessment
instruments as an aid in deciding whether BMD
testing is necessary.

Older women who experience weight loss in
later years have also been found to have a two-
fold greater risk of subsequent hip fracture, irre-
spective of current weight or intention to lose
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weight. These findings indicate that even volun-
tary weight loss in overweight elderly women in-
creases hip fracture risk (Ensrud et al. 2003).

Whether being overweight reduces
fracture risk is less clear. Some older studies
have reported a lower risk of fracture in
overweight women (Farmer et al. 1989), but
a more recent study reported that women of
average weight had a risk of hip fracture that
was similar to that of heavier women (Ensrud
et al. 1997). Of course, being overweight
raises the risk of many other health problems,
including heart disease and diabetes. The
epidemic of overweight and obesity in the
United States is well documented (Flegal et
al. 2002). As a result, public health efforts
should continue to focus on weight reduction
in overweight or obese individuals and
maintenance of body weight in normal
weight individuals, especially at older ages.
For overweight individuals, achieving weight
loss while maintaining skeletal integrity is the
goal. The key may be to increase physical
activity in addition to restricting caloric
intake. For example, Salamone (1999) found
that women who lost weight did lose more
bone than weight-stable women, but this
bone loss was lessened among those who
increased their physical activity. Consuming
adequate calcium during weight loss may also
help prevent bone loss, at least in
postmenopausal women (Ricci et al. 1998). If
these results are confirmed in other studies,
weight loss recommendations should include
physical activity, preferably weight bearing,
and adequate calcium to help protect the
skeleton.

Finally, the relationship between weight
and weight loss, bone density, and fracture risk
in men has not been thoroughly addressed.
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Falls and Fall Prevention

Falls and Bone Health: What the

Evidence Tells Us

e Falls contribute to most fractures.

e There are a number of identifiable risk
tactors for falls in the elderly.

e Interventions targeted at multiple risk
factors can reduce the number of falls and
possible the number of fractures as well.

Background: Why Focus on Falls?

Falls contribute to fractures, and thus fall
prevention offers another opportunity to protect the
bones throughout life, particularly in those over age
60. While low bone mass may put an individual at
high risk of fracture, it is often a fall that precipitates
the injury. Falls are one of the most common
problems that threaten the independence of older
individuals. About 10-15 percent of falls in the
elderly result in fracture (Nevitt et al. 1991), and
some may resultin death. The risk of falling increases
with age and varies according to living status. One
study found that between 3040 percent of those
over age 65 who live in the community fall each
year (Tinetti et al. 1988). The rate of falls is even
greater in long-term care settings, as the general
health of these individuals is more fragile (Thapa et
al. 1996). An elderly individual’s level of social
integration—that is, the degree to which he or she
has developed and maintained networks of family
members and friends, also has an impact on falls.
Those with stronger networks have a lower risk
of falling (Faulkner 2003). A history of falling is
also an important predictor of future falls, as
almost 60 percent of those who fell during the
previous year will fall again (Nevitt et al. 1991).

Falls in older individuals are rarely due toa single
cause. They usually result when a threat to the
normal mechanisms that maintain posture occurs
in someone who already has problems with balance,
mobility, sensory changes and lower extremity
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weakness, and/or blood pressure or circulation.
The new threat may involve an acute illness
(e.g., infection, fever, dehydration, arrhythmia),
or an environmental stress (e.g., taking a new
drug or walking on an unsafe surface). Since
they may already have several health problems
as a result of aging or chronic disease, many
elderly people cannot compensate for the
additional burden posed by the new threat.

Some Facts About the Prevalence of Falls

e One third of people over age 65 fall each
year, with half of those falls being
recurrent (i.e., the individual has fallen
before).

e One in 10 falls results in a serious injury,
such as a hip fracture. In fact, 90 percent of
hip fractures result from falls.

e Falls account for 10 percent of visits to
emergency room visits and 6 percent of
urgent hospitalizations in the elderly.

e The risk of falling varies tremendously
depending upon an individual’s risk
factors. An elderly person with no risk
factors has only a 10 percent chance of
falling each year, compared to an 80
percent likelihood of falling for a person
with four or more risk factors.

(Tinett1 2003)
Risk Factors for Falls
o Age
e Arthritis
e Depression
e Fallinblood pressure upon standing (i.e.,
orthostasis)
e Poor cognition
e Poor vision, gait, or balance
e Need for home health care
e Use of four or more medications

(Tinett1 2003)



Falls and Fall Prevention: A Review of the
Evidence

Many well-designed studies of risk factors for
falls have been published over the several decades
(Tinetti et al. 1988, Nevitt et al. 1991). These
studies show that the more risk factors an
individual has, the more likely he or she is to fall
(Tinetti et al. 1988, Nevitt et al. 1991). As noted
previously, one of the most important risk factors
for falls is a previous history of falls. Other risk
factors included age, being female, Alzheimer’s
disease or other types of cognitive impairment,
weakness in the legs and feet, balance problems,
use of drugs for depression and psychosis, and
arthritis. Being hospitalized also increased risk of
talling among those who already had other risk
factors. Age-related declines in vision, balance and
coordination, inner ear function, muscle amount
and responsiveness, blood pressure regulation,
and problems with staying hydrated also can lead
to falls. Finally, those requiring bi- or tri-focal
glasses are also at increased risk of falls and hip
fractures (LLord et al. 2002, Felson et al. 1989).

Medication use is one of the most modifiable
risk factors for falls. Drugs that affect the central
nervous system (CNS) frequently have been
linked to risk of falling. Examples of these drugs
include neuroleptic drugs (used to treat psychotic
behavior), benzodiazepines (used to treat
anxiety), and tricyclic or serotonin reuptake
inhibitors (used to treat depression) (Ensrud et
al. 2002). Drugs to control blood pressure may
also increase the risk of falling (Mukai and Lipsitz
2002). In addition to these specific drug classes,
recent changes in the dose of a medication and
the total number of prescriptions appear to be
associated with an increased risk of falling
(Cumming et al. 1991). Attention by physicians
to the potential effects of medications on falls in
the elderly may lead to some modification of
therapy (e.g., changes in dose or timing of use)
and/or to enhanced fall prevention activities.
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Environmental factors, such as poor lighting
or loose rugs, may also increase the risk of falling.
Most well-designed studies on methods to
prevent falls combine efforts to improve the
individual’s health-related risks with efforts to
remove environmental hazards, making it
difficult to separate out the unique contribution
of either set of factors (Tinetti et al. 1994). One
study, for example, investigated the usefulness
of having an experienced occupational therapist
visit the home to assess and help modify potential
environmental hazards (Cumming et al. 1999).
The visits reduced the risk of falling by 36
percent in high-risk patients (e.g., those who fell
one or more times in the previous year).
However, the therapist’s visit may have also
prompted behavior changes in these patients that
lowered their falling risk.

A different study examined the role of hazard
reduction more directly. In that study, people
age 70 and older were randomly assigned either
to a group that received a home hazard
assessment, information on hazard reduction,
and installation of safety devices, or to a control
group that did not receive these things (Stevens
et al. 2001a and b). A research nurse visited the
homes of people in both groups once. At the end
of the study, there were fewer hazards in the
homes of the group that received the information
and safety devices than in the control group, but
the number of falls did not differ between the
two groups (Stevens et al. 2001a and b).

Fall prevention in the hospital and nursing
home settings are also important. In hospital
settings, bed rails do not appear to change the
total number of falls, although they can decrease
the number of serious falls (Hanger et al. 1999).

Several studies to identify effective ways to
reduce falling risk have been conducted over the
past decade. The approaches studied include
programs to improve strength or balance,
educational programs, optimization of
medications, and environmental modifications.
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Fractures

Figure 6-8. Rationale for the Use of Hip Protectors to Prevent

N

Note: Falls to the side are associated with the majority of hip fractures. Energy absorption in soft
tissue may account for up to 75% of the energy in a fall. Hip protector systems can be designed to
be energy absorbing or energy shunting. The protective effect of this intervention is immediate, as
opposed to the typical 1-2 years required for pharmacologic therapies.

Source: Kiel 2002.

Some approaches have targeted a single risk
tactor, while others have focused on modifying
several factors simultaneously. The latter have
been more successful, since falls are generally
caused by more than one risk factor (Gillespie
et al. 2001). Specific approaches that have
demonstrated benefit included: a) muscle
strengthening and balance retraining; b)
professional home hazard assessment and
modification; and c¢) stopping or reducing
psychotropic medication (Tinetti et al. 1994,
Tinetti 2003). The optimal duration or intensity
of these approaches has not been defined. As
noted earlier in this chapter, vitamin D
deficiency is associated with an increased risk of
falls and hence the use of vitamin D
supplementation to reduce falls may be
promising (Bischoft et al. 2003, Bischoff-Ferrari
et al. 2004, Dukas 2004).
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Finally, a complementary approach to
reducing fractures due to falls is to attempt to
minimize the impact of those falls that do occur
through use of a hip protector or hip pad that helps
to “cushion the blow” from a fall, as shown in
Figure 6-8. A recently updated systematic review
of the efficacy of hip protectors concluded that hip
protectors reduce the risk of hip fracture for elderly
individuals who live in nursing homes and
residential care facilities, as well as those in
supported living at home; the generalization of the
results beyond this high risk population is unknown
(Parker 2003). One of the larger studies (Kannus
2000) included in this systematic review found that
41 patients would need to be offered treatment with
a hip protector to prevent one hip fracture over the
course of one year, a finding that suggests that hip
protectors may be a reasonable and cost-effective
option for patients at high risk of falls.



While hip protectors appear to be effective
when used, the biggest problem may relate to
getting people to wear them. A recent
randomized controlled trial among women over
age 70 living in the community found that hip
protectors offered no significant reduction in the
risk of hip fracture (Birks et al. 2004). But
compliance rates were quite low (roughly 30
percent). This study, the Kannus study
described above, and others have documented
low rates of compliance (i.e., those who have hip
protectors do not wear them), suggesting the
need to develop more acceptable, easy-to-use
devices that can protect fragile bones by
absorbing some of the energy of falls. The
policies of nursing homes and other residential
care facilities might also influence usage rates.
While hip protectors may be relatively
inexpensive, the decision to use them for
residents of these facilities may be influenced
by the cost and how much staff time is required
in helping residents to put them on and take them
off. But a recent economic analysis of ambulatory
nursing facility residents demonstrated that hip
protectors save money and are economically
attractive over a wide range of cost and utility
assumptions (Colon-Emeric 2003).

The Bottom Line on Fall Prevention

The approaches summarized above have
modestly reduced the frequency and/or impact
of falling. When combined with strategies to
improve underlying bone strength, they can
likely decrease fracture risk. In fact, based on a
review of the evidence, the USPSTF
recommends counseling elderly patients on
specific measures to prevent falls. The USPSTF
also recommends that more
individualized multi-factorial interventions be
implemented for high-risk elderly patients in
settings where adequate resources to deliver such
services are available (USPSTF 1996).

intensive
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Reproductive Factors

Reproductive Factors and Bone Health:

What the Evidence Tells Us

e Pregnancy and lactation generally do not
harm the skeleton of healthy adult
women.

e Amenorrhea (cessation of menstrual
periods) is linked to low bone mass.

e Bilateral oophorectomy (removal of both
ovaries) is linked to increased bone loss
and fracture risk.

e The effects of oral contraceptives on bone
health may differ depending on type, and
have not been clearly established.

Reproductive hormones play a central role
in BMD levels among both women and men,
but these hormones have been most widely
evaluated in young to middle-aged women,
particularly with respect to pregnancy, lactation,
and contraception.

Pregnancy and Lactation

Several changes occur during pregnancy and
lactation that can affect bone mass, including
changes in reproductive hormones and in
hormones that affect calcium metabolism. Since
fetal and infant bone growth during pregnancy
and lactation depends on calcium transfer from
the mother, the possibility that pregnancy and
lactation affect risk for osteoporosis later in life
has been investigated. Intestinal calcium
absorption increases during pregnancy to meet
much of the fetal calcium needs, but maternal
bone loss may occur in the last months of
pregnancy (Reed et al. 2003). The mother’s
skeleton also loses bone during breastfeeding,
but this loss is largely restored during weaning,
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as ovulation and menses is re-established. This
bone loss and its subsequent restoration appear
to be independent of lifestyle behaviors,
including dietary calcium intake and physical
activity patterns (Kalkwarf and Specker 2002).

Epidemiologic studies indicate that neither
extended lactation nor multiple pregnancies are
associated with subsequent osteoporosis,
whether measured by BMD levels (Karlsson et
al. 2001, Paton et al. 2003) or by assessment of
fracture risk. In fact, the risk of hip fracture in
women has been found to decrease by 5-10
percent with each additional child, and there is
no apparent association between the duration of
lactation and fracture risk (Michaelsson et al.
2001). Thus, in general, pregnancy and lactation
in healthy adult women do not appear to cause
lasting harm to the skeleton. For example, in one
recent study, women with more than 10
pregnancies and extended lactation had BMD
levels similar to those in women who have not
been pregnant (Henderson et al. 2000). Having
more children also does not appear to increase
fracture risk (Cumming and Klineberg 1993).
For pregnant teens who have not yet reached
peak bone mass, the 30 g of calcium required for
the fetal skeleton competes with the demands of
calcium for the teen’s mineral accrual. Whether
peak bone mass is compromised in women who
experience teen pregnancies remains
controversial (Lloyd et al. 2002).

Menstrual Cycling

Regular menstrual cycles are the outward
vital sign of a normally functioning reproductive
system in the premenopausal female. The impact
on bone health of irregular cycles or subtle
hormonal changes during the menstrual cycle
has not been clearly established. However,
amenorrhea, or the cessation of menstrual
periods, should be viewed with concern, and its
cause should be investigated. Primary
amenorrhea may be due to a variety of endocrine
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abnormalities, but the cessation of regular
cycling can also be due to an imbalance of energy
intake (nutrition) and energy expenditure
(exercise). Anorexia nervosa is the most serious
cause of secondary amenorrhea and the most
difficult to treat. The onset of anorexia nervosa
frequently occurs during adolescence when
maximal bone mineral accrual takes place,
thereby making adolescent girls with anorexia
nervosa at high risk for reduced peak bone mass
(Soyka et al. 2002).

Female athletes may also experience
amenorrhea, especially those participating in
sports where leanness is an advantage and very
strenuous training is the norm (e.g., cross
country running, ballet). While some athletes
experience amenorrhea due to disordered eating
patterns, others experience it because of
chronically inadequate caloric intake that does
not compensate for the energy expended.
Complications associated with amenorrhea
include compromised bone density, failure to
attain peak bone mass in adolescence, and
increased risk of stress fractures. The most
effective treatment is to decrease the intensity
of the exercise and increase the nutritional intake
(Warren 2003). Adolescent and young adult
women who experience amenorrhea lasting for
more than 3 months (regardless of the cause)
should consult their health care provider.

Contraceptive Practices

Oral contraceptives were first marketed in
the United States in 1960, gaining immediate
and widespread use. It is estimated that 80
percent of American women born since 1945
have used birth control pills at some point in
their lives. About 45 percent of the estimated
24 million women who report using reversible
methods of birth control use oral contraceptives
(Piccinino et al. 1998). Use is highest in women
under age 30, who are also completing bone
mass accrual.



Oral contraceptives contain variable amounts
of the hormones estrogen and progesterone.
Given the known impact of these hormones on
bone, it is natural to ask what effect oral
contraceptives have on bone mass and density.
The factors that determine the effect of an oral
contraceptive on bone health are the dose of
estrogen and the age of the woman. The
formulations of oral contraceptives have changed
dramatically over the years, with older types
having higher estrogen levels than do newer ones.
These different formulations have a different
overall impact on total estrogen exposure and
ultimately on fracture risk. Both the short- and
long-term effects of oral contraceptives on bone
health are unclear at this time (Reed et al. 2003).
There may be may relatively little impact on bone
health from oral contraceptives in women who
have already achieved peak bone mass, but low-
dose oral contraceptives could potentially
compromise the acquisition of bone in younger
women (Cromer 2003).

Hysterectomy and Oophorectomy

Roughly 600,000 hysterectomies are
performed annually in the United States, and
55 percent of women undergoing this procedure
also have both ovaries removed (Keshavarz et
al. 2002). Removing the ovaries (oophorectomy)
affects calcium metabolism, fracture risk, and
bone mineral content because it results in
estrogen deficiency.

Bilateral oophorectomy in postmenopausal
women results in a 54 percent increase in
fractures of the hip, spine, and wrist, and a 35
percent increase in fractures at other sites. The
increase in fracture risk among women who
underwent bilateral oophorectomy after natural
menopause is consistent with the hypothesis that
androgens produced by the postmenopausal
ovary may be important for endogenous estrogen
production that protects against fractures
(Melton et al. 2003).
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Medical Conditions and Drugs

Medical Conditions and Drugs: What the

Evidence Tells Us

e Several medical conditions and
prescription medications can affect bone
health through various mechanisms. A
detailed list of conditions and
medications is shown in Chapter 3 and
further described below.

Many individuals have medical conditions or
take medications that can affect bone health.
Chapter 3 contains two tables with a reasonably
complete list of these drugs and diseases. This
section will discuss the more common
prescription drugs and medical conditions that
affect bone health. These medical situations,
which are known as secondary causes of
osteoporosis (Schneider and Shane 2001), should
act as a “red flag” to individuals and health care
professionals about bone health. A person who
has one of these conditions or takes one of these
drugs should speak to his or her health care
provider about safeguarding bone health.
Children who must take one or more of these
prescription drugs or who have one of these
medical conditions may not accumulate as much
bone as they should during adolescence and thus
may enter adulthood with abnormally low
BMD. Adults who develop one of these diseases
or begin taking one or more of these prescription
drugs may experience even larger or more rapid
bone loss than they would normally have during
menopause and aging. In most cases, therefore,
measurement of bone density will be necessary
to determine whether there has been excessive

bone loss.

Medications that can affect skeletal health
include the following:

Corticosteroids are a class of drugs that
reduce inflammation and suppress the body’s
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immune response. They are called by a number
of different names, including cortisone,
glucocorticoids, prednisone, prednisolone,
steroids, and ACTH. Corticosteroids may be
inhaled, taken by mouth, given through the
veins, or rubbed on the skin. They are used most
commonly to treat lung diseases (emphysema,
asthma, cystic fibrosis, sarcoidosis), diseases of
the joints (lupus, rheumatoid arthritis,
polymyalgia rheumatica), gastrointestinal tract
diseases (ulcerative colitis, Crohn’s disease),
kidney diseases (glomerulonephritis), and certain
skin diseases (psoriasis, eczema). Corticosteroids
are the most common cause of secondary
osteoporosis. They have powerful effects on
bone (Saag 2002). For example, doses of
prednisone (a corticosteroid) above 7.5 mg per
day have been shown to completely shut off
formation of new bone, while the loss of older
bone continues at a faster rate than normal. As a
result, bone is lost very rapidly, particularly
during the first year or so after beginning
corticosteroids. As shown in Figure 3-4 in
Chapter 3, even very small doses may increase
risk of spine fractures (van Staa et al. 2000, Kanis
et al. 2004a). The risk of fracture increases
rapidly after the start of oral corticosteroid
therapy (within 3 to 6 months) and decreases
after stopping therapy. This increase in risk is
independent of underlying disease, age, and
gender (van Staa et al. 2002).

Elevated thyroid hormone is associated with
secondary osteoporosis (Ross 1994). High levels
of thyroid hormone can be the consequence of
endogenous conditions such as Grave’s disease
or thyrotoxicosis (an overly active thyroid gland
that produces too much of this hormone).
However, prolonged, elevated levels are much
more likely to be the result of prescribing thyroid
hormone as a drug to treat an underactive or
enlarged thyroid gland or to control growth of
nodules in the thyroid gland. Too much thyroid
hormone, no matter what the source, increases
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both the breakdown of old bone and the
formation of new bone to take its place.
However, more bone is lost than is formed.
People with abnormally high levels of thyroid
hormone are at increased risk for fracture, and
the fractures often occur at younger ages.
Postmenopausal women are probably at greater
risk than premenopausal women or men, but all
patients with a history of an overactive thyroid
gland or those who must take thyroid hormone
for any reason should have bone density testing.
The lowest possible dose of thyroid hormone
that corrects the medical problem being
addressed should be used, since the effects on
bone are related to the dose.
Gonadotrophin-releasing hormone agonists
are drugs that lower the blood levels of male and
female sex hormones (testosterone, estrogen).
They may be referred to as GnRH agonists or
hormone deprivation therapy. In men, these
drugs are used to treat prostate cancer. In
premenopausal women, they may be used to
treat endometriosis or as a form of contraception.
Hormone deprivation therapy causes levels of
bone loss that are similar to that seen in women
after menopause. Both men and premenopausal
women undergoing this therapy have lower-
than-expected BMD, while fracture rates are
higher in men with prostate cancer who have
undergone this treatment (Smith 2003).
Antiseizure or anticonvulsant medications,
particularly diphenylhydantoin, phenobarbital,
carbamazepine, and sodium valproate, can cause
bone loss (Schneider and Shane 2001, Ensrud et
al. 2004). The effect on bone health differs
depending on the specific drug prescribed, and
the mechanisms by which the drug affects bone
are not fully understood. Effects on vitamin D
metabolism and on bone or the parathyroid
glands have been implicated (Fitzpatrick 2004).
Individuals who take these drugs are more likely
to have bone disease if they: a) have been on the
drugs for years; b) require high doses and/or



more than one anticonvulsant; ¢) avoid dairy
products and do not take multivitamins and thus
have low dietary intake of vitamin D; d) have
chronic illnesses; and e) are institutionalized and
thus get little sunlight. However, all patients
taking these drugs should be evaluated for
osteoporosis and vitamin D deficiency.

Medical conditions or events that should

prompt a discussion of bone health fall into three
major categories:

1. Warning signs that osteoporosis may
already be present include any fracture
that occurs during adulthood, loss of
height, and the development of
osteoporosis in another family member,
such as a parent, sibling, or child.

2. The development of any disorder that
increases the risk of falling is an important
risk factor to consider. For example, an
individual who has had a stroke that affects
the ability to walk or causes difficulty with
balance might be expected to fall more
often and thus be at increased risk of
fracture. Other diseases that fall into this
category include Parkinson’s disease, spinal
cord injuries, any disorder that causes
muscle weakness, and the onset of frailty
in the elderly. Similarly, it is important for
individuals who are beginning to take
medications that increase the risk of falling
(tranquilizers, sleeping pills, diuretics, and
certain blood pressure pills) to discuss this
risk with their health care providers.

3. Many medical conditions can result in low
bone mass. The most common are genetic
diseases (cystic fibrosis, muscular
dystrophy), diseases that lower estrogen
levels before menopause (eating disorders,
excessive physical activity, ovarian failure
of any cause), endocrine disorders
(diabetes, hyperparathyroidism,
Cushing’s syndrome), gastrointestinal
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diseases (celiac disease, intestinal
malabsorption, primary biliary cirrhosis,
Crohn’s disease), blood disorders
(hereditary anemias, multiple myeloma,
leukemia), rheumatoid arthritis, lupus,
and depression. Anyone with these
conditions should consult with a
physician about bone health and
potential preventive measures.

Smoking, Alcohol, and Environmental
Threats to Bone Health

Smoking, Alcohol, and Environmental
Threats: What the Evidence Tells Us
e Smoking is associated with reduced
bone mass and increased fracture risk.
e Alcohol may have both harmful and
beneficial effects on bone.
~ Heavy alcohol consumption is
associated with reduced bone mass
and increased fracture risk
~ Moderate alcohol use has been
associated with higher bone density
in some studies.
e Lead is among the most significant
environmental threats to bone health in
the United States.

Smoking

Smoking may harm the skeleton both
directly and indirectly (USDHHS 2004). The
nicotine and cadmium found in cigarettes can
have a direct toxic effect on bone cells (Riebel et
al. 1995, Fang et al. 1991). Smoking may also
harm bone indirectly by lowering the amount
of calcium absorbed from the intestine, altering
the body’s handling of vitamin D and various
hormones needed for bone health, or lowering
body weight (Michnovicz et al. 1986, Baron et
al. 1995, Krall and Dawson-Hughes 1999, Brot
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etal. 1999). Smokers may also be less physically
active. Smoking influences estrogen metabolism
and the risk for multiple estrogen-sensitive
outcomes. Smokers are likely to require higher
doses of hormone therapy to achieve clinical
effects on bone density that are comparable to
those observed in nonsmokers (Tansavatdi et al.
2004). All of these factors can lead to lower bone
density and higher risk of fracture (Cummings
et al. 1995, Baron et al. 2001).

Several studies have linked smoking to
higher fracture risk. A meta-analysis of data from
postmenopausal women (Law and Hackshaw
1997) demonstrates that smoking increases the
risk of hip fracture. More recent data on the
association between smoking and fractures at
other skeletal sites, while more limited, also
support a relationship between smoking and
fracture risk (Honkanen et al. 1998, Jacqmin et
al. 1998). A recent meta-analysis, using data from
10 different observational studies from around
the world, found that smoking was associated
with an increased risk of hip and other fractures
in both men and women (Kanis et al. 2004b).
Although the lower BMD and BMI of smokers
were found to contribute to the increased risk of
fracture, these factors did not completely explain
the increased risk. After adjustment for BMD,
BMI, and age, the risk of hip fracture was 55
percent higher in smokers than in non-smokers.
In addition to current smoking, a history of
smoking was also associated with a higher risk
of fracture, although the risk for former smokers
was not as high as for current smokers.

Alcohol

Alcoholism is known to have negative effects
on bone (Scharpira 1990), but moderate alcohol
use in women has been associated with higher
bone density in some studies (Felson et al. 1995,
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Sampson 2002). This apparent beneficial effect
of moderate alcohol intake may be seen in
women and not men because of the effect of
alcohol on adrenal androgens or estrogen (Wild
et al. 1987). Alcohol inhibits bone remodeling,
possibly by affecting vitamin D or by reducing
bone formation (Laitinen et al. 1991). It may also
increase calcium and magnesium losses from the
body. Although some studies suggest moderate
alcohol intake increases bone density, it does not
seem to lower fracture risk (Cummings et al.
1995, Hoidrup et al. 1999), and high alcohol
intake may increase likelihood of fracture (Grisso
et al. 1994). It is conceivable that the higher
fracture risk is caused by an increased risk of
talling or other types of trauma.

Environmental Threats to Bone

While a number of heavy metals can be
detrimental to bone health, lead is among the
most significant environmental threats to bone
health in the United States LLead may accumulate
in bone due to environmental or dietary
exposures. Periods of high remodeling
(pregnancy, lactation, postmenopausal period)
are particularly critical since lead can have both
a direct effect on bone and a latent effect on other
organ systems through release from bone long
after the initial exposure (Silbergeld and Flaws
2002, Gulson et al. 2003). High calcium intake
may actually blunt the effect of stored lead
release from bone in pregnant women
(Hernandez-Avila et al. 2003). One potential
dietary source of lead is calcium supplements.
Certain preparations of calcium (e.g., bone meal
and dolomite) can have significant contamination
with lead and other heavy metals. However,
most commercial calcium preparations are tested
to ensure that they do not contain significant
contamination of heavy metals (Optimal 1994).



Key Questions for Future

Research

Much remains to be learned about the
genetic and environmental factors that affect
bone health, and, as discussed in Chapter 7, the
behavior changes that are necessary to promote
bone health throughout life. Some of the most
important research questions for Chapters 6 and
7 are listed below:

What are the genetic factors involved in
regulating bone mass acquisition, bone loss,
and the response of bone to environmental
factors such as nutrients and loading?
What are the optimal physical activity
programs to maximize peak bone mass
in children and adolescence and to mini-
mize bone loss in adults?

What is the potential for changes in the
acid/base balance in blood and extra-
cellular fluid—either through dietary
manipulation or potassium supplemen-
tation—to influence bone and muscle
health? Over a long period of time, a
more acidic balance may create an en-
vironment in which the breakdown of
existing bone is favored over the for-
mation of new bone.

Bone Health and Osteoporosis

What are the optimal muscle loading regi-
mens to prevent sarcopenia and bone loss
in the frail elderly?

What can be done to imitate the effects of
exercise (i.e., “exercise mimetics”) in in-
dividuals who are paralyzed, chronically
immobile, traveling in space, or otherwise
not capable of engaging in loading activi-
ties that benefit bone health?

What mechanisms and interventions can
preserve bone mass during weight loss?
What is the relationship between weight
and weight loss, bone density, and frac-
ture risk in men?

What are the best ways to promote the
adoption of bone-healthy practices by
individuals?

What are the best comprehensive fall pre-
vention programs that can be easily
adopted by communities and individuals?
What impact do different oral and inject-
able contraceptives have on bone health?
How does this impact vary by age?
What interventions optimize bone health
in children and adolescents who need to
take glucocorticoids or other drugs that
can be harmful to bone?
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Chapter 7: Key Messages
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There is much that individuals can do
to promote their own bone health,
beginning in childhood and continuing
into old age. These activities contribute
not only to bone health, but to overall
health and vitality.

Since many nutrients are important for
bone health, it is important to eat a well-
balanced diet containing a variety of
toods, including grains, fruits and
vegetables, nonfat or low-fat dairy
products or other calcium-rich foods,
and meat or beans each day.

Most Americans do not consume
recommended levels of calcium, but
reaching these levels is a feasible goal.
Approximately three 8-ounce glasses of
low-fat milk each day, combined with
the calcium from the rest of a normal
diet, is enough to meet the recommended
daily requirements for most individuals.
Foods fortified with calcium and calcium
supplements can assist those who do not

Chapter 7

consume an adequate amount of
calcium-rich foods.

For many, especially elderly individuals,
getting enough vitamin D from
sunshine is not practical. These
individuals should look to boost their
vitamin D levels through diet. Vitamin
D is also available in supplements for
those unable to get enough through
sunshine and diet.

In addition to meeting recommended
guidelines for physical activity (at least
30 minutes a day for adults and 60
minutes for children), specific strength-
and weight-bearing activities are critical
to building and maintaining bone mass
throughout life.

Individuals should see a health care
provider if they have a medical condition
or use medications that can affect the
skeleton. Women should also see their
health care provider if menstrual periods
stop for 3 months.
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LIFESTYLE APPROACHES TO PROMOTE
BONE HEALTH

As the evidence presented in the previous
chapter makes clear, there is much that individu-
als can do to promote their own bone health
throughout life. This chapter outlines recommen-
dations for diet, physical activity, and other
lifestyle practices that can help to achieve that
goal. Moreover, the activities and practices sug-
gested in this chapter contribute not only to bone
health, but to overall health and vitality. In fact,
bone-specific recommendations fit well within
an overall program of good nutrition and physi-
cal activity that should be followed in order to
prevent the onset of many of the major chronic
diseases affecting Americans.

Nutrition

Since many nutrients are important for bone
health, it is important to eat a well-balanced diet
containing a variety of foods. Following the Di-
etary Guidelines for Americans (USDA 2000,
USDHHS 2000) can help, although attention
should be paid to serving sizes. These guidelines
urge individuals to eat 6-11 servings of grain
foods, 3-5 servings of vegetables, 2—4 servings
of fruits, 2-3 servings of dairy or other calcium-
rich foods, and 2-3 servings of meat or beans
each day. The DASH (Dietary Approaches to
Stop Hypertension) Eating Plan (USDHHS
2003), which follows these guidelines, is an ex-

ample of a well-balanced diet that can be good
for bone and heart health, although bone out-
comes from DASH have not been specifically
tested. The DASH Eating Plan emphasizes
fruits, vegetables, low-fat or fat-free dairy foods,
whole grains, fish, poultry, and nuts, making it
rich in calcium, magnesium, protein, and potas-
sium while also being low in fat, cholesterol, and
sodium. For more information about the Dietary
Guidelines and the DASH Eating Plan, refer to
Appendix C, Resources and Related Links.

Calcium

The Food and Nutrition Board (FNB) of the
Institute of Medicine updated recommended in-
takes for several nutrients important to the skel-
etonin 1997, including calcium (IOM 1997). Rec-
ommended amounts of calcium, which are shown
in Table 7-1, differ by age. These recommenda-
tions are meant for healthy people. Those with
osteoporosis or other chronic conditions may
need more calcium, but unfortunately the cal-
cium requirements for individuals with this dis-
ease have not yet been clearly identified (Heaney
and Weaver 2003). The highest amount (1,300
mg per day) is recommended for children and
adolescents ages 9-18, a period when bones are
growing rapidly. Pregnant or lactating women
are advised to consume an age-appropriate
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Table 7-1.  Adequate Intakes (Al) or Recommended Dietary
Allowances (RDA) and Tolerable Upper Intake Levels (UL)
for Calcium, Vitamin D, Phosphorus, and Magnesium by
Life-Stage Group for United States and Canada

Life-stage Calcium Vitamin D Phosphorus .

group (mg/day) (IU/day) (mg/day) Magnesium (mg/day)

Al uL Al uL RDA uL —RDR

0—6 months 210 | ND* 200 1000 100 ND* 30 30 ND*
7-12 months [ 270 | ND¥* 200 1000 275 ND* 75 75 ND#*
1-3 years 500 2500 200 2000 460 3000 80 80 65
4-8 years 800 2500 200 2000 500 3000 130 130 110
9-13 years 1300 2500 200 2000 1250 4000 240 240 350
14-18 years 1300 2500 200 2000 1250 4000 410 360 350
19-30 years 1000 | 2500 200 2000 700 4000 400 310 350
31-50 years 1000 2500 200 2000 700 4000 420 320 350
51-70 years 1200 2500 400 2000 700 4000 420 320 350
>70 years 1200 | 2500 600 2000 700 3000 420 320 350
Pregnancy:
<18 years 1300 2500 200 2000 1250 3500 400 350
19-30 years 1000 | 2500 200 2000 700 3500 350 350
31-50 years 1000 2500 200 2000 700 3500 360 350
Lactation:
<18 years 1300 | 2500 200 2000 1250 4000 360 350
19-30 years 1000 2500 200 2000 700 4000 310 350
31-50 years 1000 2500 200 2000 700 4000 320 350

*ND Not determinable

TRepresents intake from pharmacological agents only, does not include intake from food and water.
Source: 1OM 1997. Reprinted with permission from the National Academ

of Sciences courtesy of the National Academies Press, Washington, D.C.

amount of calcium, as shown in Table 7-1. The
Institute of Medicine also defined a safe upper
limit of 2,500 mg per day for calcium (IOM 1997).
Intakes above 2,500 mg per day may increase the
risk of adverse effects in susceptible individuals.
Americans obtain most of their calcium from
dairy products. In fact, approximately three 8-
ounce glasses of milk each day, combined with
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the calcium from the rest of a normal diet, is
enough to meet the recommended daily require-
ments for most adults. Lowfat or nonfat versions
of dairy products are good choices because they
have the full amount of calcium, but help to avoid
eating too much fat. Foods that have been forti-
tied with calcium are also good sources of the
nutrient. There are many foods that serve as
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Table 7-2. Selected Food Sources of Calcium
Food Calcium (mg) 20\%
Sardines, canned in oil, with bones, 3 oz. 324 32%
Cheddar cheese, 1% oz. shredded 306 31%
Milk, nonfat, 8 fl oz. 302 30%
Yogurt, plain, low fat, 8 oz 300 30%
Milk, reduced fat (2% milk fat), no solids, 8 fl oz. 297 30%
Milk, whole (3.25% milk fat), 8 fl oz. 291 29%
Milk, buttermilk, 8 fl oz. 285 29%
Milk, lactose reduced, 8 1 oz. Sontent varies slightly according to fat 285-302 29-30%
Cottage cheese, 1% milk fat, 2 cups unpacked 276 28%
Mozzarella, part skim 1% oz. 275 28%
Tofu, firm, w/calcium, ¥ cupt 204 20%
Orange juice, calcium fortified, 6 I oz. 200-260 20-26%
Salmon, pink, canned, solids with bone, 3 oz. 181 18%
Pudding, chocolate, instant, made with w/ 2% milk, % cup 153 15%
Tofu, soft, w/calcium, % cupt 138 14%
Breakfast drink, orange flavor, powder prepared with water, 8 fl oz. 133 13%
Frozen yogurt, vanilla, soft serve, % cup 103 10%
Ready to eat cereal, calcium fortified, 1 cup 100-1000 10%-100%
Turnip greens, boiled, % cup 99 10%
Kale, raw, 1 cup 90 9%
Kale, cooked, 1 cup 94 9%
Ice Cream, vanilla, % cup 85 8.5%
Soy beverage, calcium fortified, 8 fl 0z. 80-500 8-50%
Chinese cabbage, raw, 1 cup 74 7%
Tortilla, corn, ready to bake/fry, 1 medium 42 4%
Tortilla, flour, ready to bake/fry, one 6” diameter 37 4%
Sour cream, reduced fat, cultured, 2 tbsp 32 3%
Bread, white, 1 oz. 31 3%
Broccoli, raw, % cup 21 2%
Bread, whole wheat, 1 slice 20 2%
Cheese, cream, regular, 1 Tbsp 12 1%
Source: USDA 2002, Heaney et al. 2000.
*DV=Daily Value
TCalcium values are only for tofu processed with a calcium salt. Tofu processed with a non-calcium
salt will not contain significant amounts of calcium.
Note:' Daily Value_s (DV) were _d_evelop@d to help consumers determine if a typical serving of a food
contains a lot or a little of a specific nutrient. The DV for calcium is based on 1000 mg. The percent
DV (% DV) listed on the nutrition facts panel of food labels tells you what percentages of the DV
are provided in one serving. For instance, if you consumed a food that contained 300 mg of calcium,
the DV would be 30% for calcium on the food label.
A food providing 5% of the DV or less is a low source while a food that provides 10-19% of the DV
is a good source and a food that provides 20% of the DV or more is an excellent source for a nutrient.
For foods not listed in this table, see the United States Department of Agriculture’s Nutrient
Database Web site: www.nal.usda.gov/fnic/cgi-bin/nut_search.pl
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Table 7-3. Calcium and Lactose in Common Foods

Calcium Lactose

Content Content
Vegetables, Fruit, Seafood
Calcium-fortified orange juice, 1 cup 308-344 mg 0
Sardines, with edible bones, 3 oz. 270 mg 0
Salmon, canned, with edible bones, 3 oz. 205 mg 0
Soymilk, fortified, 1 cup 200 mg 0
Broccoli (raw), 1 cup 90 mg 0
Orange, 1 medium 50 mg 0
Pinto beans, %2 cup 40 mg 0
Tuna, canned, 3 oz. 10 mg 0
Lettuce greens, 2 cup 10 mg 0
Dairy Products
Yogurt, plain, low-fat, 1 cup 415 mg 59
Milk, reduced fat, 1 cup 295 mg 11g
Swiss cheese, 1 oz. 270 mg 19
Ice cream, %2 cup 85 mg 6g
Cottage cheese, /2 cup 75 mg 2-3¢g

Source: NIDDIC 2004.

good sources of calcium, including fortified ce-
real, nonfat milk, and calcium-fortified orange
juice from frozen concentrate (Keller et al. 2002).
Vegetables also contain calcium, but the amount
of calcium absorbed from these sources varies;
some, like broccoli and kale, contain calcium that
is well absorbed, while others, such as spinach,
do not (Weaver et al. 1999). It would be imprac-
tical for most people to eat enough vegetables or
other low-calcium foods to meet recommended
levels if these were the only sources of calcium
in the diet. To assist in planning a diet contain-
ing adequate levels of calcium, Table 7-2 pro-
vides a list of selected food sources of calcium,
along with the percent daily value that they con-
tain. These percentages indicate whether a serv-
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ing of the food contains a high (20 percent or more
of the percent daily value) or a low (5 percent or
less) amount of a specific nutrient—in this case,
calcium. Most individuals can design a diet that is
appealing to them (based on their preferences)
while also meeting their nutrient needs.

Many individuals, especially non-Whites,
suffer from lactose intolerance. These individu-
als may avoid dairy products, which can result
in alow calcium intake unless other good sources
of calcium are consumed. Those with lactose
intolerance may develop the capability to digest
lactose if they slowly build up milk intake over a
period of days or weeks so that they develop an
intestinal flora capable of digesting milk’s lactose
(Suarez et al. 1997). Many lactose-intolerant



A Guide to Calculate Calcium Intake
As shown in Figure 6-4 of Chapter 6,
most Americans above age 9 on average
do not consume recommended levels of
calcium. The following guide allows an
adult to compare a rough estimate of his
or her intake of calcium to the recom-
mended amounts:
e Start by writing down the following
amount:
~ 290 if you are a female, regard-
less of age, or male age 60 or older
~ 370 if you a male under age 60
This is the average amount of calcium
that most people eat from non-calcium
rich food sources (Cook and Friday 2003,
Wrightetal. 2003, Weinberg et al. 2004).

e Add 300 mg for each 8-ounce serving
of milk or the equivalent serving of other
calcium-rich foods (e.g., yogurt, cheese).
e For those taking a calcium supple-
ment or a multi-vitamin containing
calcium, add the amount of calcium
from that source:
~ Check the supplement label for
the amount of calcium per supple-
ment dose.

~ Multiply the amount per supple-
ment dose times the number of
doses taken each day.

~ Add the amount from supple-
ments to the base amount and the
amount from calcium-rich foods.

e Compare this rough estimate of total
calcium intake to the recommended
levels shown in Table 7-1. Individu-
als should try to meet their recom-
mended level of calcium on most days.

e A useful calcium calculator for chil-
dren can be found at: http://
www.cdc.gov/powerfulbones/par-
ents/toolbox/calculator.html.
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Figure 7-1.How To Use the
Nutrition Facts Panel
on Food Labels for
Calcium

Nutrition Facts

Serving Size 1 cup (236 ml)

Servings Per Container 1

Amount Per Serving

Calories 80 Calories from Fat 0

% Daily Value*

Total Fat Og 0%
Saturated Fat Og 0%
Trans Fat Og

Cholesterol Less than 5mg 0%

Sodium 120mg 5%

Total Carbohydrate 11g 4%
Dietary Fiber Og 0%
Sugars 11g

Protein 9g 17%

VitaminA10% "  Vitamin C 4%

Calcium 30% " Iron 0% " Vitamin D 25%

Percent Daily Values are based on a 2,000
calorie diet. Your daily values may be higher or
lower depending on your calorie needs.

30% =300 mg

Note: The Nutrition Facts panel on food
labels can help individuals choose foods high in
calcium. To convert the % Daily Value (DV)
for calcium into milligrams (mg) multlply by
10 or add a 0. As an example, a container of
yogurt might list 30% DV for calcium. To
convert this to milligrams, multiply by 10 or
add a 0, which equals 300 mg of calcium for
the serving size of 1 cup of yogurt. A food
with 20% DV or more contributes a lot of
calcium to the daily total, while one with 5%
DV or less contributes a little.

Source: FDA 2003.
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Tips for Those With Lactose Intolerance
e Choose dairy and other calcium-rich
foods with lower amounts of lactose;
a list of the amount of calcium and
lactose in common foods is shown in
Table 7-3:
~ Yogurt with live active cultures
(which provide bacterial lactase
that digests the lactose).

~ Hard cheeses like cheddar,
Colby, Swiss, and Parmesan (the
production process for these
cheeses breaks down the lactose).

~ Lactose-free or lactose-reduced
products, including milk without
lactose.

e Gradually increase the amount of lac-
tose-containing foods consumed.

e Consume non-dairy products that
contain high levels of calcium, such
as fortified soy beverage or fortified
cereal or orange juice.

(Jarvis and Miller 2002)

individuals can tolerate up to one cup of milk
twice a day if it is consumed with food (McBean
and Miller 1998). In addition, some other cal-
cium-rich dairy products such as cheese and
yogurt are usually well tolerated by lactose-in-
tolerant people. Finally, there are a number of
calcium-rich foods that do not contain lactose,
including lactose-free milk, fortified soy bever-
age, and fortified juice and cereal. Some tips for
those with lactose intolerance are shown in the
box below.

The Institute of Medicine recommends that
nutrients be obtained from food when possible
because they provide a package of nutrients that
are good for other tissues besides bones. How-
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ever, fortified foods and supplements can assist
those individuals who do not consume an ad-
equate amount of dairy products or other natu-
rally calcium-rich foods to meet recommended
levels of calcium intake. Those who take supple-
ments or consume fortified foods should note
that: a) all major forms of calcium (e.g., carbon-
ate, citrate) are absorbed well when taken with
meals; b) calcium from supplements or fortified
foods is best taken in several small doses (no more
than 500-600 mg at one time) (Heaney 1975)
throughout the day for better absorption; and
¢) supplements may differ in their absorbability
due to manufacturing practices IOM 1997). One
need not choose the most expensive products
on the market, as the cost of supplements of
comparable quality can vary fivefold (Heaney
et al. 2001). In a recent evaluation of calcium
sources, calcium carbonate supplements were
found to be the least expensive supplemental
source of calcium. Since virtually all calcium
sources—food or supplement—reduce the
absorption of iron, calcium and iron supple-
ments should be taken at different times.
Vitamin D

The current recommended intakes of vita-
min D are given in Table 7-1. Most individuals
need 200 IU per day, although these recommen-
dations are raised to 400 IU per day in those age
50-70, and to 600 IU per day in those over age
70. There are two sources of vitamin D: sun-
light and dietary intake.

As discussed in Chapter 6, vitamin D can be
made in the skin by being exposed to sunlight.
For some individuals, particularly children and
others who get enough exposure during warmer
months, the sun can provide adequate levels of
vitamin D throughout the entire year. For many,
however, it is not practical to get adequate levels
of vitamin D from exposure to sunshine. These
individuals should instead look to boost their



vitamin D levels through diet. This is especially
true for elderly individuals who have higher vi-
tamin D needs and who may have difficulty get-
ting outside everyday. People with dark skin and
those who live in areas with heavy air pollution
may also find it more practical to obtain most or
all of their vitamin D from diet, since they need
longer periods of sun exposure to get adequate
levels of vitamin D. Table 7-4 gives the vitamin
D content of several foods, although the most
common source is fortified milk. One cup of for-
tified milk contains 100 IU vitamin D, half of
the recommended intake for individuals under
age 50. Since vitamin D-fortified milk is not used
when making cheese, ice cream, or most yogurts,
many other dairy foods are not good sources of
vitamin D. Other good dietary sources of vita-
min D include fatty fish and vitamin D-fortified
orange juice. The best way to know whether a
dairy food contains vitamin D is to check the
nutrition label.

Vitamin D is also available in dietary supple-
ments. While few supplements contain vitamin
D alone, many calcium supplements also con-
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tain vitamin D. Multivitamin supplements con-
tain up to 400 IU of vitamin D. The amount of
vitamin D in a single dose of many calcium and
multivitamin supplements may not be sufficient
to meet the recommended levels, especially for
people over age 70 who need 600 IU per day.
T'o make sure that the recommended amount of
vitamin D is consumed as shown in Table 7-1,
check the nutrition label on the supplement for
the amount of vitamin D per dose, and, if neces-
sary, supplement vitamin D intake through other
sources. However, because vitamin D can have
negative effects if taken in very high doses, it is
also important to avoid consuming more vita-
min D than the tolerable upper level of 2,000 IU
per day. Larger doses can initially be given to
patients who are deficient as a means of replen-
ishing the stores of vitamin D in the body.

Other Nutrients Important to Bone

As shown in Table 7-1, the Institute of Medi-
cine recently provided recommended intakes for
other bone-related nutrients, including phospho-
rus and magnesium (IOM 1997). Most Ameri-
cans consume adequate quantities of phospho-

Table 7-4. Dietary Sources of Vitamin D
SeVIng  Vitamin D (IU)

Milk 1 cup 98

Baked herring 3 oz. 1,775
Baked salmon 3 oz 238
Canned tuna 3 oz 136
Sardines 1oz 77

Raisin bran cereal ¥4 cup 42

Pork sausage 10z 31

Egg yolk 1 25

Source: USDA 2002.
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Table 7-5.

Other Nutrients

Affecting Bone

Other Nutrients and Bone Health at a Glance

What Is the Effect
on Bone?

Potentially Benefical Effects on Bone

How Much Is
Needed?*

What Are the
Dietary Sources?

Special
Considerations

shown to have a
protective effect on
bone in animal
studies. Evidence in
humans, however, is
conflicting.

soybeans and soy
products, chickpeas
and other legumes.

Boron May enhance calcium | Not applicable. Raw avocado, nuts,
absorption and peanut butter, bottled
estrogen metabolism. prune juice.

Copper Copper helps certain RDA is 900 pg for men | Organ meats, seafood, [ Calcium
enzymes and local and women over age nuts, seeds, wheat supplementation may
regulators function 30. Daily intakes over | bran, cereals, whole result in lower levels
properly so that we 10,000 g are not grain products, cocoa | of copper.
can form the optimal recommended. products.
bone matrix or
structure for bone
strength.

Fluoride Fluoride stimulates the | RDA is 4 mg for men Fluoridated water,
formation of new over age 30 and 3 mg | teas, marine fish,
bone. Necessary for for women over age fluoridated dental
skeletal and dental 30. Daily intakes over | products.
development. 10 mg are not

recommended.

Iron Iron helps certain RDA is 8 mg for men Non-heme sources
enzymes and local over the age of 19. include fruits,
regulators function The RDA for women is | vegetables and
properly so that we 18 mg between the fortified bread and
can form the optimal ages of 19 and 50 and | grain products such as
bone matrix or 8 mg over age 50. cereal.
structure for bone Daily intakes over 45 A
strength. mg are not Heme sources include

recommended. meat and poultry.
Isoflavones Isoflavones have been | Not applicable. Primarily found in Ipriflavone, a

synthetic isoflavone,
has been linked to a
reduction in
lympocytes, a type of
white blood cell that
fights infection.

Magnesium

60% of the magnesium
in our bodies is found
in our bones in
combination with
calcium and
phosphorus.
Magnesium appears
to enhance our bone
quality. Studies
suggest that it may
improve bone mineral
density, and not
getting enough may
interfere with our
ability to process
calcium.

RDA is 420 mg for
men over 30 and 320
mg for women over
30. Daily intakes over
350 mg are not
recommended

Good sources include
green leafy vegetables
such as spinach,
potatoes, nuts, seeds,
whole grains including
bran, wheat, oats, and
chocolate. Smaller
amounts are found in
many foods including
bananas, broccoli,
raisins and shrimp.
Also found in
magnesium-containing
laxatives and antacids.

Magnesium deficiency
is rare in US adults.
Magnesium
supplements are not
recommended for
most people.

*Recommended Dietary Allowance (RDA)

Source: NIH ORBD~NRC 2004.
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Table 7-5.

Other Nutrients

Other Nutrients and Bone Health at a Glance

What Is the Effect
on Bone?

How Much Is
Needed?*

What Are the Special

Considerations

Affecting Bone

Potentially Benefical Effects on Bone

Dietary Sources?

Manganese Manganese helps RDA is 2.3 mg for men | Nuts, legumes, tea, Manganese
certain enzymes and over age 30 and 1.8 whole grains and supplements may not
local regulators mg for women over drinking water. be a good choice for
function properly so age 30. Daily intakes everyone, including
that we can form the over 11 mg are not people already
optimal bone matrix or | recommended. consuming high levels
structure for bone of manganese from
strength. diets high in plant
foods and people with
liver disease who are
especially susceptible
to the adverse effects
of excess manganese
intake.
Phosphorus Phosphorus is a RDA is 700 mg for Milk, yogurt, ice
component of every men and women over | cream, cheese, peas,
cellin our bodies and | age 30. Daily intakes | meat, eggs, some
supports building over 4,000 mg for cereals, breads, cola
bone and other tissue | adults up to age 70 soft drinks and many
during growth. About | and over 3,000 mg processed foods.
85% of the phosphorus | after age 70 are not
in our bodies is found | recommended.
in our bones. In fact,
phosphate, a form of
phosphorus, makes up
more than half of our
bone mineral mass.
Potassium There is no RDA Milk, yogurt, chicken,
established for turkey, fish, many
potassium. Scientists | fruits such as
recommend a daily bananas, raisins and
intake between 1,600 | cantaloupe, and many
mg and 3,500 mg. vegetables such as
celery, carrots,
potatoes and
tomatoes.
Protein Proteins are our RDA is 56 g for adult Complete protein Getting enough

bodies' building
blocks. We use protein
to build tissue during
growth and to repair
and replace tissue
throughout life. We
also need protein to
help heal fractures
and to make sure our
immune system is
functioning properly.

men and 46 g for
adult women.
Nutritionists
recommend that 10%
to 35% of our calories
come from protein.
(The rest come
primarily from
carbohydrates and
fats.)

comes from animal
sources including
meat, poultry, fish,
eggs, milk, cheese,
yogurt.

protein is particularly
important for elderly
people. Studies show
that elderly people
who have not been
getting enough
protein and who
break their hip are
more likely to suffer
poor medical
outcomes.

Incomplete protein
comes from plant
sources including
legumes, grains, nuts,
seeds and vegetables.

*Recommended Dietary Allowance (RDA)

Source: NIH ORBD~NRC 2004.
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Table 7-5.

Other Nutrients

Affecting Bone

Other Nutrients and Bone Health at a Glance

What Is the Effect
on Bone?

How Much Is
Needed?*

What Are the
Dietary Sources?

Special
Considerations

Potentially Benefical Effects on Bone

enzymes and local
regulators function
properly which in turn
helps our bodies form
the optimal bone
matrix or structure for
bone strength.

and men over age19
and 8 mg for girls and
women over age 19.
Daily intakes over 40
mg are not
recommended.

fortified breakfast
cereal, some seafood,
whole grains, dry
beans and nuts.

Vitamin C Vitamin C helps RDA is 90 mg for men | Citrus fruits, tomatoes | People who smoke
certain enzymes and over age 30 and 75 and tomato juice, need 35 mg more
local regulators mg for women over potatoes, Brussels vitamin C than the
function properly so age 30. Daily intakes sprouts, cauliflower, RDA. People who are
that we can form the over 2,000 mg are not | broccoli, strawberries, | regularly exposed to
optimal bone matrix or | recommended. cabbage and spinach. | second-hand smoke
structure for bone also may need extra
strength. vitamin C.

Vitamin K Vitamin K helps RDA is 120 units for Green vegetables Patients on
certain enzymes and men over age 30 and | including collards, anticoagulant
local regulators 90 units for women spinach, salad greens | medication should
function properly so over age 30. No and broccoli, Brussels | monitor their vitamin
that we can form the maximum safe intake | sprouts, cabbage, K intake.
optimal bone matrix or | has been established plant oils and
structure for bone for vitamin K. margarine.
strength.

Zinc Zinc helps certain RDA is 11 mg for boys | Red meat, poultry, Nutritionists

recommend that
vegetarians double
the RDA for
themselves, because
zinc is harder to
absorb on a
vegetarian diet.
Calcium
supplementation may
reduce the absorption
of zinc.

*Recommended Dietary Allowance (RDA)
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Table 7-5.

Other Nutrients

Affecting Bone

Other Nutrients and Bone Health at a Glance

What Is the Effect
on Bone?

Potentially Adverse Effects on Bone

How Much Is
Needed?*

What Are the
Dietary Sources?

Special
Considerations

Caffeine Studies suggest that Not applicable Coffee, tea, some soft
caffeine may interfere drinks, some over the
with calcium counter medications.
absorption. However,
this effect can be
neutralized in the
presence of adequate
dietary calcium.

Fiber Fiber has a minor Men ages 31 to 50 Includes dietary fiber
negative impact on need 38 grams per naturally present in
calcium absorption. day and after 50 need | grains (oats, wheat or

30 grams per day. unmilled rice) and
Women ages 31-50 functional fiber from
need 25 gm per day plants and animals
and after 50 need 21 shown to be of benefit
gm per day. to health.

Oxalates When oxalates and Not applicable Spinach. Other Oxalates do not
calcium are found in oxalate-rich foods interfere with the
the same food, include rhubarb and absorption of calcium
oxalates combine with sweet potatoes, but in other foods eaten
the calcium, since these foods do with the oxalate-
preventing us from not contain calcium, containing foods.
absorbing the calcium. the oxalates have no

effect on calcium
absorption.
Phosphorus Phosphorus is RDA is 700 mg for Milk, yogurt, ice Possible negative

necessary for healthy
bones (see above), but
some people are
concerned that there
may be too much in
our diet, especially
since phosphorus is a
component of cola
beverages and many
processed foods.
Some studies suggest
that excess amounts of
phosphorus may
interfere with calcium
absorption. The good
news is that we can
offset the loss by
getting adequate
amounts of calcium in
our diet.

men and women over
age 30. Daily intakes
over 4,000 mg for
adults up to age 70
and over 3,000 mg
after age 70 are not
recommended.

cream, cheese, peas,
meat, eggs, some
cereals, breads, cola
soft drinks and many
processed foods.

effects of soft drinks
on bone may be due
primarily to the
replacement of
calcium-rich milk with
soft drinks, especially
by children and
teenagers at a time
when they need extra
calcium to optimize

their peak bone mass.

*Recommended Dietary Allowance (RDA)

Source: NIH ORBD~NRC 2004.
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Table 7-5.

Other Nutrients and Bone Health at a Glance

Other Nutrients What Is the Effect How Much Is What Are the Special
Affecting Bone on Bone? Needed?* Dietary Sources? Considerations
Potentially Adverse Effects on Bone

Protein Protein is essential for | RDA is 56 g for adult Complete protein
good health (see men and 46 g for comes from animal
above). However, adult women. Itis sources including
when we get too much | recommended that meat, poultry, fish,
protein, our bodies 10% to 35% of calories | eggs, milk, cheese,
convert the extra come from protein. yogurt.
protein into calories (The rest come .
for energy, producing a| primarily from Incomplete protein
chemical called sulfate | carbohydrates and comes f(om p{ant
in the process. Sulfate | fats.) sources mcltfdlng
causes us to lose some legumes, grains, nuts,
calcium, but these are seeds and vegetables.
relatively small losses
that we can offset by
getting adequate
amounts of calcium in
our diet.

Sodium Sodium affects the The NIH recommends | Sodium combined with
balance of calcium in | restricting daily chloride is common
our bodies by sodium intake to less | table salt. Many
increasing the amount | than 2,400 milligrams | processed foods are
we excrete in urine (equal to about 1 high in salt.
and perspiration. The | teaspoon of table
loss of calcium can be | salt).
significant, but we can
replace the lost
calcium by making
sure we get adequate
amounts of calcium in
our diet.

Vitamin A Vitamin A plays an RDAs are 3000 IU for | Retinol sources
important role in bone | men and 2330 IU for include animal-source
growth but excessive women. Daily intakes | foods such as liver,
amounts of the retinol | over 10,000 IU of the | egg yolks, cheese,
form of vitamin A may | retinol form of vitamin | milk. Dietary
increase the A are not supplements and some
breakdown of our recommended. acne preparations also
bones and interfere contain retinol.
with vitamin D, which
we need to help us Beta car_otene
absorb calcium. The sources include plant-
beta carotene form of source foods, such as
vitamin A does not dark orange and green
appear to cause these vegetables including
problems. carrots, sweet )

potatoes, and spinach
as well as cantaloupe
and kale.

*Recommended Dietary Allowance (RDA)

Source: NIH ORBD~NRC 2004.
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rus through their regular intake of meats, cere-
als, milk, and processed foods. While some bev-
erages such as soft drinks also contain phospho-
rus, they are not a preferred source of phospho-
rus because they may displace calcium-rich bev-
erages like milk (Whiting et al. 2001).

Magnesium intakes may be suboptimal in
those who do not eat enough green leaty veg-
etables, whole grains, nuts, and dairy products.
Fortunately, most diets contain adequate levels
of other bone-related micronutrients, such as
vitamins K and C, copper, manganese, zinc, and
iron, to promote bone health.

Some dietary components may potentially
have negative effects on bone health, especially
if calcium intakes are not adequate. For example,
high levels of sodium or caffeine intake can in-
crease calcium excretion in the urine. The ef-
fects of these factors can be overcome by increas-
ing the amount of calcium in the diet (Fitzpatrick
and Heaney 2003). Studies have linked exces-
sive amounts of phosphorus to altered calcium
metabolism, but it appears that the typical level
of phosphorus consumed by most individuals
in the United States should not negatively af-
fect bone health IOM 1997). Excessive amounts
of preformed vitamin A (e.g., retinol) can also
have negative effects on bone, so individuals
should not consume more than the recom-
mended dietary allowance for this vitamin (IOM
2000). The vitamin A precursor (beta carotene)
found in many fruits and vegetables does not
have negative effects on bone, however.

Table 7-5 provides additional information on
other nutrients that affect bone, their recom-
mended dietary allowances, and common di-
etary sources of these nutrients.

Physical Activity
The foundation of a good physical activity
regimen involves at least 30 minutes (adults) or
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60 minutes (children) of moderate physical ac-
tivity every day. This regimen can and should
involve a variety of activities. Some can be rou-
tine activities like walking or gardening. Others
may occur more infrequently and differ from
day to day and week to week, such as dancing,
aerobic classes, biking, swimming, tennis, golf,
or hiking. However, it is clear from the evidence
presented in Chapter 6 that physical activity to
specifically benefit bone health should involve
loading (stressing) the skeleton. As a result,
weight-bearing activities such as walking should
be included in an optimal physical activity regi-
men to benefit the musculoskeletal system. More-
over, the evidence suggests that the most ben-
eficial physical activity regimens for bone health
include strength-training or resistance-training
activities. These activities place levels of loading
on bone that are beyond those seen in everyday
activities; examples include jumping for the lower
limbs and weight lifting or resistance training for
the lower and upper skeleton. Finally, while a
focus on activities that build or maintain bone
strength is appropriate and necessary, many older
individuals will remain at high risk of fracture.
For these individuals, balance training can pro-
vide the added benefit of helping to prevent po-
tentially injurious falls.

As noted in Chapter 6, the evidence does not
lead to a specific set of exercises or practices but
rather a set of principles that can be applied and
varied according to the age and current physical
condition of an individual. Many of these prin-
ciples have been reviewed by expert panels of
the American College of Sports Medicine
(ACSM) (Kraemer et al. 2002, ACSM 1998a,
ACSM 1998b) and they lead to the following
suggestions for the frequency, intensity, length,
and type of physical activity regimens to benefit
bone health for individuals of all ages:
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Since continued physical activity provides
a positive stimulus for bone, muscle, and
other aspects of health, a lifelong commit-
ment to physical activity and exercise is
critical.

Ending a physical activity regimen will
result in bone mass returning to the level
that existed before the activity began.
Since repetitive programs of physical ac-
tivity may be discontinued due to lack of
motivation or interest, variety and creativ-
ity are important if physical activity is to
be continued over the long term.
Physical activity will only affect bone at
the skeletal sites that are stressed (or
loaded) by the activity. In other words,
physical activity programs do not neces-
sarily benefit the whole skeleton, although
any type of activity provides more ben-
efit to bone than does no activity at all.
For bone gain to occur, the stimulus must
be greater than that which the bone usu-
ally experiences. Static loads applied con-
tinuously (such as standing) do not pro-
mote increased bone mass.

Complete lack of activity, such as peri-
ods of immobility, causes bone loss.
When it is not possible to avoid immo-
bility (e.g., bed rest during sickness), even
brief daily weight-bearing movements
can help to reduce bone loss.

General physical activity every day and
some weight-bearing, strength-building,
and balance-enhancing activities 2 or more
times a week are generally effective for
promoting bone health for most persons.
Any activity that imparts impact (such
as jumping or skipping) may increase
bone mass more than will low- and mod-
erate-intensity, endurance-type activities,
such as brisk walking. However, endur-
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ance activities may still play an impor-
tant role in skeletal health by increasing
muscle mass and strength, balance, and
coordination, and they may also help pre-
vent falls in the elderly. Endurance ac-
tivity is also very important for other as-
pects of health, such as helping to prevent
obesity, diabetes, or cardiovascular disease.
Load-bearing physical activities such as
jumping need not be engaged in for long
periods of time to provide benefits to skel-
etal health. In fact, 5-10 minutes daily
may suffice. Most adults should begin
with weight-bearing exercise and gradu-
ally add some skipping and jumping ac-
tivity. Longer periods (30—-45 minutes)
may be needed for weight training or
walking/jogging. Those who have been
inactive should work up to this amount
of time gradually using a progressive pro-
gram, e.g., start with shorter times and
easier activities (light weights or walking)
and then increase time or intensity slowly
(by no more than 10 percent each week)
in order to avoid injury.

Physical activities that include a variety
of loading patterns (such as strength
training or aerobic classes) may promote
increased bone mass more than do activi-
ties that involve normal or regular load-
ing patterns (such as running).

These fundamental principles can be used
to develop age-specific regimens, as outlined in
the sections that follow.

Physical Activity for Children and Adolescents

For children over age 8 and adolescents, a
bone-healthy program of physical activity could
include the following:

Atleast 60 minutes of moderate intensity,
continuous activity on most days, prefer-



Table 7-6. Weight-Bearing
Exercise for Kids
and Teens

Exercise helps build bone and weight-
bearing exercise is particularly helpful
in this task. Weight—bearing exercise
includes any activity in which your
feet and legs carry your own weight.
Here are some examples of weight-
bearing exercise that can help you build
strong bones:

* Walking

* Running

* Jumping

* Jumping rope

* Dancing

* Climbing stairs

* Jogging

* Aerobic dancing

* Hiking

* Inline skating/ice skating

* Racquet sports, such as
tennis or racquetball

* Team sports such as soccer,
basketball, field hockey,
volleyball, and softball or
baseball

Source: NICHD 2004.

ably daily. This level of activity can help
achieve a healthy body weight and lower
the risk of other diseases such as cardio-
vascular disease and diabetes (USDHHS
1996, USDA 2000, USDHHS 2000,
IOM 2002).

e Inclusion of weight-bearing and short,
intense impact activities such as basket-
ball, gymnastics, and jumping as part of
this regular activity program.

e Performance of weight-bearing activities
that increase muscle strength, such as

Bone Health and Osteoporosis

running, hopping, or skipping. The best
activities work all muscle groups. Ex-
amples include gymnastics, basketball,
volleyball, bicycling, and soccer. Swim-
ming, while highly beneficial to many
aspects of health, is not a weight-bearing
activity and thus does not contribute to
increased bone mass.

Physical Activity for Adults

Adults should strive to get at least 30 min-
utes of physical activity on most days, prefer-
ably daily (USDHHS 1996, USDA 2000,
USDHHS 2000, IOM 2002). As part of that
regular physical activity program, the following
can help enhance bone health:

e For those individuals who can tolerate
impact activities, a simple, 10-minute pro-
gram of physical activity that incorporates
50 3-inch (8-centimeter) jumps per day.

e A progressive program of weight train-
ing that uses all muscle groups, with the
amount of weight lifted increased gradu-
ally over time.

e A jogging or stair-climbing program for
those who cannot tolerate higher impact
physical activity.

e Active recreational activities such as ten-
nis, hiking, or basketball.

In addition, it is advisable for adults to try to
tind ways to add extra weight-bearing exercise
into everyday activities. For example, consider
parking farther away in the parking lot or taking
the stairs instead of the elevator.

General recommendations for physical ac-
tivity in adults are shown in the pyramid in Fig-
ure 7-2, with the base of the pyramid being 30
minutes or more of moderate physical activity
on most, preferably all, days of the week. It is
also recommended that weight-bearing exercises
and strength and balance training be added as a
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Figure 7-2. General Recommendations for Physical Activity in Adults

Balance
training
for fall
prevention

Strength training
2 to 3 times per week

/

Weight bearing
exercises such as walking

AN

/

30 minutes or more of moderate physical
activity on most, preferably all, days of the week

AN

Source: Nelson 2002.

part of regular physical activity (Nelson 2002,
Seguin and Nelson 2003). Lifestyle activities
such as walking, gardening, and raking leaves
can also be a valuable part of regular physical
activity (USDHHS 1996).

It is important to begin any physical activity
program slowly and to consider previous activ-
ity levels. Those who have been inactive should
begin with 5-10 minutes of activity per day and
a pre-exercise evaluation by a physician may be
advised. Those who are more fit can increase
physical activity levels to 20-30 minutes of mod-
erate activity at a higher heart rate (60-85 per-
cent of maximum heart rate). Generally, it is
advisable to increase activity levels by no
more than 10 percent each week to avoid injury.
For example, those who begin with 15 minutes
per day can progress to 17 minutes the second
week, and so on.
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Finally, adults should consult a physician or
physical therapist if orthopedic conditions like
arthritis, functional limitations, or other medical
conditions make these physical activity guide-
lines difficult or unsafe to follow.

Physical Activity for Older Adults

Most elderly individuals should strongly con-
sider engaging in regular physical activity. Physi-
cal activity is the only single therapy that can
simultaneously improve muscle mass, muscle
strength, balance, and bone strength. As a re-
sult, it may decrease the risk of fractures, in part
by reducing the risk of falling. In fact, fall-risk
reduction may be the biggest benefit of physical
activity for the elderly.

The following guidelines should be used to
maximize the potential fall prevention benefits
of physical activity in the elderly:



Bone Health and Osteoporosis

Figure 7-3. Examples of Strength Training Exercises

1. Stand or sit in an armless chair with feet
shoulder-width apart. With a dumbbell in each
hand, raise your lll)ands, f)alms facing forward,
until the dumbbells are level with your
shoulders and parallel to the floor.

2. To a count of two, slowly push the dumbbells
up over your head until Eour arms are fully
extended—but don't lock your elbows.

3. Pause. Then, to a count of four, slowly lower
the dumbbells back to shoulder level, bringing
your elbows down close to your sides.

4. Repeat ten times for one set. Rest for one to
two minutes. Then complete a second set of
ten repetitions.

Benefit: Strengthens muscles in the arms, upper
back, and shoulders.

1. Face a wall with your feet 6 inches from the
wall and 6 inches apart.

2. Stretch your arms up to touch the wall while
taking a deep breath in.

3. Concentrate on flattening your stomach.

4. Also, try reaching up with one arm while
stretching down with the other.

Benefit: Strengthens stomach and back, stretches
shoulders and calves.

Source: CDC 2004, NOF 2003.

Physical activity needs to be of suffi-
cient intensity to improve muscle
strength, since poor muscle strength
is a known risk factor for falls.
Strength or resistance training is best
for building muscle, but even aerobic
endurance activity can yield some im-
provements in muscle strength.

Improving balance can be an impor-
tant component of any physical ac-
tivity program designed to decrease
falls. This program may include bal-
ance training exercises or a movement
activity such as Tai Chi. Any activ-
ity that requires weight bearing and
challenges the postural system can
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Table 7-7. Weight-Bearing

Weight-Bearing/Low Impact
Activities:

Non-Weight-Bearing/
Non-Impact Activities:

Exercise for Adults

Weight-Bearing/High Impact/
Resistance Activities:

* Stair-climbing

* Hiking

* Dancing

* Jogging

* Downhill and cross-country skiing

* Aerobic dancing

* Volleyball

* Basketball

* Gymnastics

* Weight lifting or resistance
training

* Soccer

e Jumping rope

* Walking

* Treadmill walking

* Cross-country ski machines
e Stair-step machines

* Rowing machines

* Water aerobics

* Deep-water walking

* Low impact aerobics

* Lap swimming

* Indoor cycling

* Stretching or flexibility exercises
(avoid forward-bending exercises)

* Yoga

* Pilates

Source: NOF 2003.

Figure 7-4. Resources for

Strength Training for
Older Adults

because you grow old. You grow
old because you stop exercising."”

"You don't stop exercising

—Anonymous

Growing Stronger:

Strength Training for Older Adults

This strength-trainin program was developed
by experts at Tufts
for Disease Control and Prevention (CDC). It

is based upon sound scientific research involving
strengthening exercises—exercises that have
been shown to increase the strength of your
muscles, maintain the integrity of your bones,
and improve your balance, coordination, and
mobility. The CDC website features links to

the book and animated illustrations of exercises.

Exercise: A Guide From the

National Institute on Aging

The 48-minute video and 80-page companion
booklet were produced by the National Institute
on Aging (NIA) to demonstrate how to start and
stick with a safe, effective program of stretching,
balance, and strength-training exercises. The
video features Margaret Richard, star of Body
Electric, PBS’ popular exercise show.

Boning Up on Osteoporosis:

A Guide to Prevention and Treatment
This 70-page booklet provides information on
the prevention, detection, and treatment of
osteoporosis. The booklet includes tips on how
to begin an exercise program and provides 17
pages of illustrations and instructions on
moving safely.

niversity and the Centers

Source: CDC 2004.

Source: NIA 2004.

Source: NOF 2003.
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improve balance and potentially help
reduce falls.

Physical activity must be performed on
average 3 times per week for 30—45 min-
utes per session for at least three months
for strength and balance benefits to be
realized, and it must be continued if ben-
efits are to be maintained.

Chapter 7

Those who suffer a fall that requires a
visit to a health care provider or an
emergency room should ask for a fall
risk assessment that includes a pro-
gram of physical activity. Physical ac-
tivity is most effective if delivered as a
part of a comprehensive fall preven-
tion program (see Chapter 6).



Physical Activity for Those With Fragility
Fractures

Individuals who have already experienced
osteoporotic fractures should avoid certain types
of physical activities and exercises. For example,
those who have had vertebral fractures may need
to avoid activities that flex the spine. For more
information about appropriate physical activity
after osteoporotic fracture, see Chapter 9, “Re-
habilitation of Osteoporotic Fractures.”

Fall Prevention

It is no surprise that falls are often the “pre-
cipitating” event that leads to a fracture in indi-
viduals with low bone mineral density (BMD),
and that therefore preventing these falls can re-
duce the risk of fracture. Falls are a major con-
tributor to hip fractures and are also associated
with a significantly increased risk of many other
fractures, including spine, wrist, pelvis, and up-
per arm. Since falls are usually caused by mul-
tiple factors, successful prevention strategies
should involve multiple components. The ben-
efit of physical activity in reducing the risk of
falls was discussed in the previous section. There
is more that can be done to reduce the chances
of a fall and to minimize the impact of any fall
that does occur. Guidelines issued by the Ameri-
can Geriatrics Society, British Geriatrics Soci-
ety, and American Academy of Orthopedic Sur-
geons panel on falls prevention include the fol-
lowing recommendations for older persons
(AGS et al. 2001):

e Inform health care providers about any
fall, even those that do not result in seri-
ous injury. Providers should ask their
older patients at least once a year about
falls.

e Those who have fallen one or more times
should ask their health care providers
about the need for a test of their balance
and ability to walk.

Bone Health and Osteoporosis

e Those who need medical attention after
a fall or who have fallen several times in
the past year should have a fall evalua-
tion. This evaluation should include tak-
ing a history related to the circumstances
of the fall and performing an examina-
tion of vision, balance, walking, muscle
strength, heart function, and blood pres-
sure. A specialist, such as a geriatrician,
may be needed for this evaluation.

e Health care providers should consider
prescribing a program of physical activ-
ity and balance training, with an empha-
sis on those activities that may help re-
duce risk of falling. Patients can also seek
these programs on their own.

e Patients should ask their health care pro-
viders to review any medications they are
taking (including over-the-counter ones)
at least once per year. This step can help
to avoid various medication-related prob-
lems that commonly lead to falls, such as
drug-drug interactions and unnecessar-
ily high doses of certain drugs.

e Vision should be checked annually.

e Individuals should review their homes for
possible hazards that could cause a fall,
such as loose rugs, poor lighting, electri-
cal cords, or lack of handrails in the tub/
shower.

e Individuals should be careful when us-
ing step ladders, making sure to use lad-
ders that are stable and have a handrail.

Finally, as discussed in Chapter 6, use of hip
protectors or hip pads may help reduce the risk
of fractures for persons living in institutionalized
care settings.

A good source for tips on how to prevent
falls is “The Tool Kit to Prevent Senior Falls,”
developed by the Injury Center at the Centers
for Disease Control and Prevention (CDC). This

Lifestyle Approaches To Promote Bone Health 177



A Report of the Surgeon General

Table 7-8.  Preventing Falls Among Seniors

Falls are not just the result of getting older. Many falls can be prevented. Falls are usually
caused by a number of things. By changing some of these things, you can lower your chances
of falling.

You can reduce your chances of falling by doing these things :

1. Begin a regular exercise program.

Exercise is one of the most important ways to reduce your chances of falling. It makes you
stronger and helps you feel better. Exercises that improve balance and coordination (like Tai Chi)
are the most helpful. Lack of exercise leads to weakness and increases your chances of falling.
Ask your doctor or health care worker about the best type of exercise program for you.

2. Make your home safer.

About half of all falls happen at home. To make your home safer:

* Remove things you can trip over (such as papers, books, clothes, and shoes) from stairs and
places where you walk.

* Remove small throw rugs or use double-sided tape to keep the rugs from slipping.
*Keep items you use often in cabinets you can reach easily without using a step stool.
* Have grab bars put in next to your toilet and in the tub or shower.

* Use non-slip mats in the bathtub and on shower floors.

*Improve the lighting in your home. As you get older, you need brighter lights to see well.
Lamp shades or frosted bulbs can reduce glare.

* Have handrails and lights put in on all staircases.

* Wear shoes that give good support and have thin non-slip soles. Avoid wearing slippers and
athletic shoes with deep treads.

3. Have your health care provider review your medicines.

Have your doctor or pharmacist look at all the medicines you take (including ones that don't need
Erescriptions such as cold medicines). As you get older, the way some medicines work in your

ody can change. Some medicines, or combinations of medicines, can make you drowsy or light-
headed which can lead to a fall.

4. Have your vision checked.

Have your eyes checked by an eye doctor. You may be wearing the wrong glasses or have a
condition such as glaucoma or cataracts that limits your vision. Poor vision can increase your
chances of falling.

Source: CDC 2004.
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kit contains “What You Can Do to Prevent Falls,”
an informational brochure, and “Check for
Safety,” a home safety checklist designed to help
older adults and caregivers identify and correct
home hazards. It also contains four fact sheets
and other relevant materials, and is available at
http://www.cdc.gov/injury.

Other Aspects of a Bone-Healthy
Lifestyle
In addition to having a healthy diet, suffi-
cient physical activity, and avoiding falls, there
are some other bone-healthy behaviors that can
help protect the skeleton throughout life:

Bone Health and Osteoporosis

e Maintain a healthy body weight.

e Avoid smoking.

e If one drinks alcoholic beverages, do so
in moderation (i.e., one drink per day for
women and two drinks per day for men).

e For women, see a health care provider if
menstrual periods stop for three months.

e For those who have a medical condition
or who use medications that can affect
the skeleton (listed in Tables 3-1 and 3-2
in Chapter 3), talk to a health care
provider about ways to safeguard the
skeleton.

Figure 7-5. Fall Risks to Elderly in the Home

While the number of falls increases during the winter
months due to ice, snow, and shorter days, most
debilitating falls happen indoors, often at night as
people get up to use the bathroom, or when someone
rushes to answer a telephone.

Here are the biggest culprits:

Cellar stairs, particularly
those with no handrails

E Slippers or shoes that do not
provide good traction with
rubberized soles or pads

n Chairs that people stand on to
change a light bulb or reach
an object

n lll-placed furniture that obstructs
a path to the bathroom

E Throw rugs, or even larger

rugs, on a hardwood floor
that slip as someone walks
on them

Narrow passages that require
twists or contortions

Obstacles such as a book, glass,
i
glasses or cord in a path

E Dim or insufficient lighting

Shower and tub stalls that do not
have slip proof strips

Source: Anderson 2004.
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Summary Key Questions for Future
Following the suggestions outlined in this Research
chapter on diet, physical activity, and other Research questions related to lifestyle ap-

lifestyle behaviors can help ensure good skeletal ~ proaches that promote bone health are included
health throughout life. For more specific infor-  in the questions identified in Chapter 6 on page
mation on how to adopt a bone-healthy lifestyle, — 141.

see the resources listed in Appendix C. It is never

too late for individuals, even frail elders, to start

following a bone-healthy lifestyle.
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Part Four

WHAT CAN HEALTH CARE
PROFESSIONALS DO TO
PROMOTE BONE HEALTH?

This part of the report describes what health care professionals can do with their
patients to promote bone health. It seeks to dispel the belief among some health
professionals that bone disease and fractures are a natural consequence of aging and
that little can be done about it.

Chapter 8 emphasizes the need for health professionals to evaluate potential risk

factors for bone disease and to promote bone-healthy behaviors in all patients. The
chapter stresses, however, that comprehensive assessments that include diagnostic testing
should be focused on those deemed at high risk of bone disease. To assist in this process,
the chapter examines the potential risk factors for bone disease, highlights red flags that
signal the need for further assessment, and reviews the use of formal assessment tools
to determine who should get a bone density test and who is at risk of fracture. It includes
real-life vignettes that highlight the need for the medical profession to become aware of
the potential for severe osteoporosis to develop in younger men and women.

Chapter 9 focuses on preventive and therapeutic measures for those who have or
are at risk for bone disease. It reviews a “pyramid approach” to treating bone diseases
and to preventing falls and fractures, with maintenance of bone health through calcium,
vitamin D, physical activity, and fall prevention representing the base of the pyramid
for all individuals, including those with bone disease. This chapter also covers the
second and third levels of the pyramid, which relate to addressing and treating
secondary causes of osteoporosis and use of pharmacotherapy in appropriate
individuals. One of the key messages of the chapter is that there are effective treatments
available that can increase bone mass and/or reduce the risk of fractures for most patients
who have or who are at high risk of getting osteoporosis. The chapter reviews the
evidence and provides guidance on currently available anti-resorptive therapies,
anabolic therapies, and hormone therapies, and offers a glimpse into future directions
for treatment of osteoporosis. Finally, the chapter highlights treatment options for
other bone diseases that are related to osteoporosis.

Chapter 10 “puts it all together” for health care professionals by translating the
research into practical advice for preventing, diagnosing, and treating bone disease in
patients of all ages. All health care professionals, especially primary care practitioners,
have the opportunity and responsibility to dedicate themselves to promoting awareness
of factors that influence bone health, identifying patients at risk of bone disease, and
providing lifestyle and pharmacologic interventions where appropriate.
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Chapter 8: Key Messages
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Much of the burden of bone disease can
potentially be avoided if at-risk
individuals are identified and appropriate
interventions (both preventive and
therapeutic) are made in a timely manner.
The evidence suggests that health care
providers frequently fail to identify and
treat individuals at high risk for future
osteoporosis or other disorders of bone,
even those who have already had a
fracture.

It is important to evaluate the risks for
poor bone health at all ages. Therefore,
assessment of calcium and vitamin D
intake, physical activity, and adverse
behaviors such as smoking should be a
routine part of health care for all
individuals.

Those in greatest need should receive a
full assessment of bone health.
Diagnostic methods are available that
can help to identify those in the
population who are at highest risk of
fracture.

Both the public and health care
professionals need to be aware of a
number of known, easy-to-identify risk
tactors for osteoporosis and other bone
diseases.

Providers should be aware of a number
of red flags that might signal potential
problems with an individual’s bone
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health at different ages. One of the most
important flags is a previous fragility-
related fracture.

While osteoporosis is clearly the most
common bone disease, health care pro-
viders must also actively look for other
bone diseases. Diseases such as hyper-
parathyroidism, rickets, osteomalacia,
and Paget’s disease can often be identi-
tied by being aware of the warning signs
and/or through simple biochemical mea-
surements. Early identification of such
diseases is critical, since treatment at an
early stage can often be highly effective.
Bone mineral density or BMD testing
should be performed on any patient for
whom risk factor analysis indicates a
strong potential for osteoporosis. Formal
guidelines have been developed
recommending BMD testing in certain
populations, including postmenopausal
women over age 65, younger women
with multiple risk factors, and men and
women with fragility fractures or who
have other diseases or take medications
that can greatly increase the risk of
fracture.

Individuals who are diagnosed with
osteoporosis should be further assessed for
secondary, treatable causes of the disease,
particularly men and premenopausal
women who suffer a fragility fracture.
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Chapter 8

ASSESSING THE RISK OF BONE DISEASE
AND FRACTURE

While individuals undoubtedly can do a great
deal to enhance their bone health through
appropriate lifestyle choices, health care
professionals play an important supporting role
in helping their patients to maintain strong,
healthy bones throughout life. In addition to
providing education about nutrition, physical
activity, and other bone-healthy behaviors,
health care professionals also need to assess the
risks of bone disease and fracture in their patients
and to identify and intervene with those at
greatest risk.

In an optimal health care environment,
expensive diagnostic tools and treatment
interventions should be targeted at those who
are at increased risk of a particular disease or
condition. The challenge is to find simple ways
to identify individuals in greatest need of more
careful assessment. Thus, in contrast to the
public health approaches to bone health in areas
like nutrition and physical activity (which can
be aimed at the entire population), this chapter
discusses the tools available to identify and
intervene with those in the population who are
at highest risk of fracture.

As discussed in previous chapters,
osteoporosis and other bone disorders
represent a large burden for society and for
individuals. Billions of dollars are spent each
year to treat bone-disease-related fractures that

often result in reduced function and quality
of life. At worst, fractures start a downward
spiral in health that can ultimately lead to
severe disability or even death. Much of this
burden can potentially be avoided if
individuals who are at risk of bone disease are
identified and appropriate interventions (both
preventive and therapeutic) are made in a
timely manner. Yet there has been relatively
little focus on these strategies in this country.
There are many studies documenting the
failure to identify and treat individuals at high
risk for fractures or other disorders of bone,
even those who have already had a fracture
(Solomon et al. 2003, Andrade et al. 2003,
Kiebzak et al. 2002, Kamel et al. 2000,
Feldstein et al. 2003). In a recent study of four
well-established midwestern health systems,
only one-eighth to a quarter of patients who
had a hip fracture were tested for their bone
density, fewer than a quarter were given
calcium and vitamin D supplements, and fewer
than one-tenth were treated with effective
antiresorptive drugs (Harrington et al. 2002).
The failure to diagnose and treat bone disease in
many high-risk patients has serious implications,
as the risk of future fractures is greatly increased
in patients who have had a previous fragility
fracture, especially in the first year or two after
the fracture (Johnell et al. 2004).
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Management of bone disease requires the
appropriate application of current knowledge
concerning the prevention, diagnosis, and
treatment. Those patients who have “healthy”
bones should be advised about appropriate steps
to take with respect to prevention. Those who
are “at risk” for bone disease (e.g., those with
low bone mass and other risk factors) should be
evaluated further, advised about appropriate
prevention, and considered for treatment. Those
with established bone disease should be advised
about secondary prevention (e.g., ways to avoid
first or repeat fractures) and be put on
appropriate treatment. They should also be
evaluated for so-called “secondary causes”—that
is, diseases and drugs that can aggravate or even
cause 0Steoporosis.

None of these activities can occur without
implementation of strategies for assessing the risk
of bone disease in a given patient. This
assessment process helps to “sort” patients into
different categories of risk, which in turn helps
to determine appropriate next steps with respect
to prevention, further diagnosis, and treatment.
This chapter describes this assessment process,
providing details on the best approaches to
assessing bone health and diagnosing bone
disease. It is important to remember that all of
the many factors that can increase fracture risk
should be considered in evaluation of the
individual patient.

Step 1: Identify At-Risk
Individuals Who Require Further
Evaluation

The first step for health care providers in
assessing individuals is to identify the relatively
small number of younger individuals (out of the
majority of individuals who do not have bone
disease) who require further evaluation. This
initial assessment ensures that more extensive
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(and expensive) testing is reserved for those who
likely need it. This multi-pronged process is
described below.

Consider Potential Risk Factors for Bone
Disease

Although there is a great deal more that needs
to be discovered about which risk factors are
most important for deciding to measure bone
mineral density (BMD) in younger men and
women (i.e., those for whom BMD is not
recommended because of age alone), enough
information already exists to dramatically
improve diagnosis, prevention, and treatment of
bone disease. That information needs to be
applied more broadly by health care
professionals.

Both the public and health care professionals
need to be aware of a number of known, easy-
to-identify risk factors for osteoporosis and
other bone diseases. These factors relate to
either the intrinsic strength of bone or the
propensity to suffer injurious falls. Yet it is
remarkable how often these signals are ignored
in busy practice settings. All individuals, young
and old, should be assessed to determine how
many (if any) of these risk factors they have,
and then those with a sufficient degree of risk
need to undergo further evaluation (often a
BMD test) to determine the appropriate next
course of action (e.g., changes to lifestyle,
pharmacologic treatment). If these steps are
taken, much can be done to decrease the burden
of bone disease in the population, and much
illness and suffering can be avoided. This risk
factor analysis is also critical in ensuring the
efficient use of health care resources, helping
to identify those at-risk individuals in need of
BMD testing and potentially treatments without
the need for expensive, universal screening.
Finally, it is important to remember that bone



“T'welve thousand people come through our
[health system’s] doors with osteoporosis
and we never notice them.”—Health system
physician

Men Can Get Osteoporosis, Too

This story demonstrates the importance of
not forgetting that men can also get
osteoporosis, even at a relatively young age. It
also highlights the need for the medical
profession to become aware of the potential for
severe osteoporosis to develop in younger men.

This college professor first fractured his
ankle as a young man. The doctor told him he
might have “a little osteoporosis” and
recommended that he take calcium to
strengthen his bones, but did not test for
osteoporosis. It was not until years later, after
many warning signs, that he finally received a
bone density test that showed severe
osteoporosis. At that time he was placed on
bisphosphonates, a treatment that he continues
today. The bisphosphonates have helped him
to regain some bone density. His BMD is
presently stable, albeit at a very low level.
Osteoporosis has had a profound effect on his
life. He is constantly afraid of falling, and as a
result seriously curtails his activities (e.g., he
gave up running).

“Where in the heck were the doctors? I
had a slew of warning signs but no one
picked them up.” —Male with severe
osteoporosis
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Not Just a Disease of the Elderly

This woman’s story illustrates the need of
the medical profession to be aware of the
warning signs of bone disease in younger
individuals and to be aware of appropriate
treatments for the disease in this population.

This woman began suffering bone
fractures while still in her 30s. Even as pain
levels increased and her quality of life suffered,
her doctor blamed her problems on clumsiness.
After she turned 40, her internist attributed
her problems to being a natural consequence
of “getting old.” Finally, after breaking her
ankle at age 43, an orthopedist diagnosed
osteoporosis. At this point she had lost bone
mass and was shorter than earlier in life,
probably due to spine fractures. The doctor
told her there was no treatment available for
osteoporosis. He advised her to take calcium
supplements and to exercise, although he
provided no guidance on what types of
exercises would be helpful and safe. While she
had a long list of “don’ts” with respect to her
life, she did find that exercise made her feel
better. Yet she remained paralyzed with fear,
particularly after her physician gave her the
following advice: “above all else, don’t fall.”
Today, at age 55, she has finally turned the
corner on the disease. Thanks to medical
treatment, calcium supplements, and exercise,
her bone mass has improved. She is no longer
considered to have osteoporosis, but rather is
classified as osteopenic (i.e., she has low bone
mass).

“People with osteoporosis do not just die;

they slowly break apart.”
—Long-time osteoporosis sufferer
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health can be compromised at any age, and thus
the risks for poor bone health should be evaluated
in individuals of all ages. Assessment of calcium
and vitamin D intake, physical activity, and
adverse behaviors such as smoking should be part
of health care for all.

Be Aware of “Red Flags” That Signal Need
for Further Evaluation

There are a number of “red flags” that might
signal potential problems with an individual’s
bone health at different ages. Specific problems
at different stages of life are discussed in Chapter
10. These “red flags” apply to both men and
women. Indeed they may be particularly
important to keep in mind in men and Black
women, since they are often not considered to
be at high risk for bone disease. One of the most
important flags is a previous fragility-related
fracture, as such a fracture is one of the strongest
indicators that an individual may have
osteoporosis or some other metabolic bone
disease (Ettinger et al. 2003, Haentjens et al.
2003). Any individual with a history of fractures
related to only mild or moderate trauma (e.g., a
fall from standing height or less) should be
assessed further for the potential for bone
disease. Yet most are not adequately evaluated
today. Another important flag relates to family
history of the disease, since there is a component
of heredity not only in osteoporosis, but also in
Paget’s disease and hyperparathyroidism as well
as congenital disorders such as osteogenesis
imperfecta. Thus, both the public and health care
professionals should be alert to looking for other
family members who have bone disease. This
type of family case finding can and should lead
to earlier diagnosis and treatment. The presence
of certain bone diseases (e.g., Paget’s disease)
should be a flag for other family members to be
screened, or for screening for associated disorders
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(e.g., a patient with hyperparathyroidism who
has other family members with the disease
should undergo genetic screening for other
associated endocrine disorders, such as multiple
endocrine neoplasia syndromes, familial
conditions in which patients may develop tumors
of several endocrine glands).

“Red Flags” That Warrant Further
Assessment for Osteoporosis or Other
Bone Diseases

e History of fractures related to mild or
moderate trauma (e.g., a fall from
standing height or less)

e Family history of bone disease

e Low body weight

e Weightloss of more than 1 percent per
year in the elderly

e Late onset of sexual development

e  Unusual cessation of menstrual periods

e Anorexia nervosa (often related to
marked weight reduction)

e Athleticamenorrhea syndrome (related
to intense physical activity)

e Patients being treated with drugs that
affect bone metabolism (e.g.,
glucocorticoids)

e Patients with diseases linked to
secondary osteoporosis (see Chapter 3)

e High levels of serum calcium or
alkaline phosphatase in otherwise
healthy patients

e Hyperparathyroidism, hyperthy-
roidism, or treatment with high doses
of thyroid hormone

e Height loss or progressive spinal
curvature

Low body weight is another important “red
flag” signaling the potential for osteoporosis; low
body weight is associated with lower BMD and



greater bone loss, even in premenopausal women
(Bainbridge et al. 2004). Moreover, weight loss
of more than 1 percent per year in the elderly is
associated with more rapid bone loss and
increased risk of fracture (Hannan et al. 2000,
Knoke et al. 2003, Ensrud et al. 2003).

There are other potential flags as well. While
bone disease is rare in children, the possibility
of congenital disorders should be considered
when children fracture, particularly with little
trauma. In adolescents, health care professionals
should consider abnormalities of sex hormone
function, particularly at puberty, to be a potential
risk factor, along with late onset of sexual
development or loss of sexual function with
cessation of menstrual periods. This is often
related to marked weight reduction, in anorexia
nervosa, or to intense physical activity, in the
athletic amenorrhea syndrome. Individuals of all
ages with calcium and vitamin D deficiency or
prolonged immobilization and paralysis should
also be carefully evaluated, as should those who
have other diseases that increase the risk of bone
loss and fractures, including gastrointestinal and
kidney disorders and arthritis. Those patients
being treated with drugs that affect bone
metabolism (e.g., glucocorticoids) should also be
considered as potentially being at risk. Finally,
patients already diagnosed with osteoporosis
should be screened for secondary, treatable
causes of the disease, especially in men or
premenopausal women who suffer fragility
fractures. Diseases linked to secondary
osteoporosis (see Chapter 3) are relatively
uncommon in the population, but they can have
a devastating effect on the bone health of the
patients with these conditions and consequently
may require specific treatment.

It is important to remember that not all the
“red flags” point to osteoporosis, and that some
may be an indicator of other types of bone
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disease. It is important to look for these diseases.
For example, increased levels of serum calcium
and alkaline phosphatase in blood are often found
by routine screening, yet abnormal values are
often ignored (Murff et al. 2003). High serum
calcium concentration in an otherwise healthy
patient most often indicates primary
hyperparathyroidism, although many other
causes of hypercalcemia need to be considered.
Low serum calcium concentrations are less
common but can occur in individuals with
vitamin D deficiency and malabsorption.
Hypocalcemia is also commonly seen in
seriously ill patients and frequently is associated
with increased severity of illness or death.
Apparent hypocalcemia can be due to low serum
protein concentrations, and hypercalcemia can
be masked by such low concentrations. Patients
with Paget’s disease are often identified by the
tinding of a high serum alkaline phosphatase
before there is evidence of bone pain or before
the skeletal lesions have actually been detected.
(Elevated serum alkaline phosphatase levels are
often caused by other problems, particularly
liver disease.) Such findings are important
because treatment can be highly effective for
these and other bone disorders if they are
diagnosed early.

Suspicion of vitamin D deficiency (e.g., due
to low intake, little exposure to sunshine) is
another “red flag” that signals the need for further
evaluation. This deficiency is common in the
elderly, particularly individuals living in northern
latitudes. Assessment of vitamin D deficiency can
be accomplished by measuring the most abundant
circulating form, 25-hydroxy vitamin D. This
measurement should be carried out in individuals
who are at high risk of deficiency, including those
with evidence of gastrointestinal disorders that
might result in malabsorption. Measurement of
serum phosphorus is generally not critical in

Assessing the Risk of Bone Disease and Fracture 191



A Report of the Surgeon General

assessing bone health, but if the levels are low
this may be an indication of hyper-
parathyroidism or vitamin D deficiency. Finally,
high blood calcium levels can serve as a “red flag”
that  potentially indicates primary
hyperparathyroidism, and PTH should be
measured in all such patients. PTH
measurements are also helpful in assessing the
extent of secondary hyperparathyroidism in
patients with calcium and/or vitamin D
deficiency and in those with renal disease.

Consider Use of a Formal Assessment Tool to
Determine the Need for BMD Testing

BMD testing still serves as the “gold
standard” diagnostic test for identifying
osteoporosis and fracture risk. As noted,
population-wide BMD testing is not a cost-
effective or practical method for assessing the
risk of bone disease. While BMD testing has been
recommended for some populations (women
over age 65), BMD tests are not routinely used
for other individuals, the vast majority of whom
do not have and are not at risk for bone disease.
Widespread BMD testing makes little economic
or medical sense. Rather, as noted, the evidence
supports the assessment of other risk factors first,
in order to identify a subset of at-risk individuals
who are most likely to benefit from the test (e.g.,
younger women with multiple risk factors and
both men and women who have had fragility
fractures or who have diseases that can greatly
increase fracture risk). Some of these risk factors
may act directly or indirectly to affect BMD
levels, but others are independent of bone
density (e.g., risk factors for falling).

Existing clinical recommendations (NOF
2003) already make use of universally accepted
risk factors, such as gender, age, and history of
spine fracture, in determining who should get
BMD testing. Since age is a major determinant
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of fracture risk, many groups have

recommended that BMD measurements be

obtained in all White women over age 65 (age is
a risk factor, see Figure 8-1) and for younger
postmenopausal women with additional risk
factors. It is interesting to note that treatment
recommendations are also based on these risk
factors, as treatment is recommended not only
for those with low BMD, but also for those with
an existing (especially recent) low-trauma spine
fracture, regardless of BMD.

There is great interest in developing a
screening tool or “clinical prediction rule” based
on risk factors that can easily be assessed
clinically (e.g., height and weight) or by patient
report (e.g., personal or family history of
fracture). The goal of a risk factor assessment
tool is to produce a more individualized approach
to diagnosis and treatment for all age, gender,
and ethnic groups. Ideally, nurses and other
nonphysician health care professionals should be
able to administer the tool (e.g., by having a
patient fill out a short questionnaire) and
interpret the results, thus allowing someone
other than the busy physician to play a lead role
in identifying at-risk individuals.

A number of risk-factor assessment tools are
in various stages of development. While there
are some problems and limitations with each of
these tools (see text box), progress is being made.
The National Osteoporosis Foundation (NOF)
checklist, for example, may be suitable for
individual self-assessment. Individuals can use
this checklist and discuss any concerns about
their bone health at their next medical encounter.
The Osteoporosis Risk Assessment Instrument
(ORAI) calculates scores based on age, weight,
and current estrogen use; it has a sensitivity of
93 percent—i.e., it identifies 93 percent of the
people with low BMD—and specificity of 39
percent—i.e., 61 percent of the people identified
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Figure 8-1. 5-Year Hip Fracture Rates for Women with T- score of
-2 Without Previous Hip Fracture, by Age
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Note: This figure shows that a 90-year-old woman with a T- score of —2 has a 4.6-fold higher risk
of having a hip fracture than a 50-year-old woman with the same T-score. Age is an important and
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Source: Adapted from Nelson et al. 2001.

do not have low BMD (Cadarette et al. 2000;
Cadarette et al. 2004). The Simple Calculated
Osteoporosis Risk Estimation (SCORE)
considers six risk factors—age, race, weight,
estrogen use, rheumatoid arthritis, and personal
fracture history—and has a sensitivity of 91
percent and specificity of 40 percent (Lydick et
al. 1998), results that are quite similar to the ORAI
tool. The Osteoporosis Self-Assessment Tool

(OST) uses only two risk factors—age and
weight—and also has similar sensitivity (92
percent) and higher specificity (46 percent)
(Geusens etal. 2002, Richy et al. 2004, Cadarette
et al. 2004). A score based on age, body weight,
and fracture history was recently developed from
the Dubbo Osteoporosis Epidemiology Study;
it performed well in predicting low BMD, but
not fractures (Nguyen et al. 2004). Finally, NOF
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Problems and Limitations With Existing Tools

Some problems and limitations have
slowed the development and widespread
application of risk-factor assessment tools. One
important issue relates to limitations of current
medical knowledge about risk factors for bone
health. While epidemiologic (large population)
studies have established the importance of age,
gender, and ethnic characteristics as important
clinical predictors, there is still considerable
uncertainty about which clinical character-
istics to include in a risk-factor assessment tool.
An important problem stems from limitations
in the studies evaluating risk factors; they have
been relatively well studied in older (over age
65) White women, but less well studied in other
groups. It is possible that the importance of
particular factors may differ between women
and men, people of different races, and younger
and older individuals. To date, the generally
accepted risk factors for bone loss account for
only one-third to one-fifth of the differences
in BMD between individuals (Orwoll et al.
1996). Thus, it is clear that important risk
factors remain to be discovered. In fact, one

practice guidelines consider age, weight, current
cigarette smoking status, family history of
fracture, and personal fracture history, but have
not defined any specific scoring system (Johnston
et al. 1998). Any of these approaches might be
used in clinical practice to determine who would
benefit from BMD testing. Examples of some of
the most simple and useful of these tools appear
in Chapter 10, including those that a busy
clinician or patient could use to assess risk factors
and determine if a BMD test is indicated.
Efforts have also begun to expand clinical
risk assessment tools beyond the question of who
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potential risk factor that has not been included
in any of these instruments is height loss. While
loss of height and curvature of the spine may
not be related to bone health (they can be
caused by poor posture, decreased muscle
strength, or narrowing of the intervertebral
discs (Ettinger et al. 1994, Coles et al. 1994,
Balzini et al. 2003), they could be a sign of
osteoporosis. Substantial height loss (more than
one inch) and new spinal curvature should serve
as a red flag that alerts health care providers to
the possibility of vertebral compression
fractures (Huang et al. 1996, Ensrud etal. 1997,
Vogtetal. 2000). Providers should also consider
tracking changes in height as a means of
monitoring the impact of preventive and
therapeutic measures for osteoporosis. One
problem with this approach is that height loss
is difficult to assess because an individual’s
memory of previous height can often be
inaccurate, as can current height measurements.
To overcome this problem, the use of specific
devices for accurate measurement of height and
spinal curvature (stadiometers and kypho-
meters) may be appropriate in specialty clinics.

should get a BMD test. Tools are being
developed to assess not just the risk of low BMD,
but also the risk for fractures (which is ultimately
what we are trying to prevent). Individuals
identified as having a high risk of fracture can
be targeted for early intervention. A recently
developed tool allows for a more global
assessment of risk factors. The risk factors used
to develop this tool were derived from the large
“Study of Osteoporotic Fractures” (Cummings
etal. 1995). This study identified numerous risk
tactors for hip fracture in elderly White women
that are independent of BMD or personal



fracture history (see Table 8-1). These risk factors
relate to genetic influences on bone size (e.g.,
maternal fracture history) and bone turnover,
lifestyle issues (e.g., exercise), height loss, weight
changes, and other factors. These risk factors
have been proven to be important in identifying
fracture risk. For example, patients whose BMD
was in the lowest third of the study population
had about 4.6 times the risk of suffering a hip
fracture risk as did women whose BMD was in
the highest third. However, hip fracture risk was
17 times greater among the 15 percent of the
women who had five or more risk factors
(exclusive of bone density) than the 47 percent
of the women with two or fewer risk factors
(Cummings et al. 1995) (Figure 8-2).

Black et al. (2001) turned the most prevalent
risk factors derived from the SOF study into a
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questionnaire that can be administered to
patients (see Table 8-2). By assigning a point
value to each of the answers, a summary
FRACTURE score is developed. The
usefulness of this questionnaire was tested in a
large, prospective European study known as
EPIDOS. As shown in Figure 8-3, individuals
with a higher FRACTURE score had a much
higher risk of suffering a hip fracture. It is
important to remember, however, that this and
other approaches to measuring the risk of
fracture may not work as well in certain
populations; some of the predictors of fracture
for nursing home residents are different than
those living in the community. For example,
the risk of falling is especially critical in elderly
nursing home residents, most of whom have
fragile bones (Girman et al. 2002).

Table 8-1.

Risk Factors for Hip Fracture Among Elderly White Women

Variable Percent Increased Risk

Age (per 5 yr) 40%
History of maternal hip fracture 80%
Height at age 25 (per 6 cm loss) 30%
Previous hyperthyroidism 70%
Current use of long-acting benzodiazepines 60%
Current use of anticonvulsant drugs 100%
Inability to rise from chair 70%
Lowest quartile for depth perception (in vision) 40%
Resting pulse rate greater than 80 beats/min 70%
Any fracture since age of 50 50%

Note: The increases in risk for fracture listed here are from the Study of Osteoporotic Fractures and are all
significant. The numbers indicate how much greater the chance of having a fracture is likely to be when these
factors are present. Other risk factors have been identified in subsequent studies, for example, weight loss
increases the risk of fracture in the elderly (Ensrud et al. 2003).

Source: Based on Cummings et al. 1995.
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One of the most important needs going
forward with respect to risk assessment tools is
to incorporate the risk of falling into the system,
since so many fragility-related fractures occur
as a direct result of a fall. Risk factors for falling
include visual or cognitive impairment, use of
specific medications, and gait and balance
disorders. Poor vision is a particularly important
risk factor for the elderly (even those with
glasses), since many elderly individuals do not
have their eyes and glasses checked regularly.
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Although high-technology testing of gait and
balance are available, these have not been
found to be clinically useful as a way to assess
the risk of falling. Rather, clinicians rely on
patient reports (e.g., prior falls [Nevitt et al.
1991], fear of falling [Tinetti et al. 1994]) and
objective examination (e.g., Performance-
Oriented Mobility Assessment [Tinetti 1986],
Functional Reach [Duncan et al. 1992]). It is
important to remember that while any fall
should be investigated carefully, those falls
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Table 8-2. FRACTURE Index Questions and Scoring
Figure 8-3. Five-Year Risk of Hip Fracture by Quintiles of

FRACTURE Index

Point Value

. What is your current age?
Less than 65
65-69
70-74
75-79
80-84
85 or older

. Have you broken any bones after age 50?
Yes
No/Don't know

. Has your mother had a hip fracture after age 50?
Yes
No/Don't know

. Do you weigh 125 pounds or less?
Yes

No

. Are you currently a smoker?
Yes
No

. Do you usually need to use your arms to assist
ourself in standing up from a chair?
es
No/Don't know

If you have a current bone density (BMD)
assessment, then answer the next question.
7. BMD results: Total Hip T-score
T—score >-1

T—score between —1 and -2

T—score between -2 and -2.5

T—score <-2.5

R W= O

[

w0 O

Assessment without BMD

. 10%r %
S 8.2%
o 8% |
2
S ex}
[T
.:9:- 4%t 3.2%
= L, 21%
S oyl 1.4%
x °f 0.6%
x 0%
Total Score
Assessment with BMD

. 10%r %
S 8.7%
o 8% |
2
S exl
‘s st 3.9%
I 0
4 1.9%
= 0.4% 0.9%

0%

1-2

3-4 5 6-7

Total Score

Note: This FRACTURE Index scoring system places a quantitative value on an individual's risk of fracture;
the higher the score, the greater the fracture risk. It was developed from the data of 9704 U.S. white women
in the Study of Osteoporotic Fractures and then tested against the EPIDOS database of 7575 French
women. As shown in Figure 8-4, the index was predictive of fracture even without BMD, although adding
BMD improved the discrimination to some extent. When applied to the EPIDOS data, the discrimination
was even greater, for example, the five year fracture risk went from 0.6% for scores of 2—5 to 14.1% for scores
of 11-14.

Source: Black et al. 2001.
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that lead to fractures are the biggest concern.
Individuals who have sustained a fracture as a
result of minimal trauma likely do not need
turther evaluation by BMD testing to be
considered in the high-risk category for bone
disease and future fractures.

Those individuals who are identified as being
both at risk of bone disease and at high risk of a
fall might become candidates for further
intervention, including exercise programs to
improve strength and balance, modifications to
the home environment, changes in medications
that might make one prone to fall, and use of hip
protectors to “cushion the blow” from a fall. (See
Chapter 9 for more on hip protectors.)

Step 2: Measuring Bone Mineral
Density (BMD) for Individuals at
Risk of Osteoporosis

Once a high-risk patient is identified (step
1), further evaluation of that patient is warranted.
This section deals with this evaluation process
for those at risk of osteoporosis—the most
common bone disease.

Why Measure BMD?

BMD testing remains the “gold standard” test
for those at risk of osteoporosis. The reason for
this is relatively straightforward—in the
laboratory, bone strength is strongly related to
BMD. More importantly, BMD remains a strong
independent predictor of fracture risk. In fact,
there is a clear relationship between BMD and
fracture risk in older women. For each standard
deviation decrease in BMD (in the spine, a one-
standard deviation drop represents a loss of 10—
12 percent of BMD), the risk of fracture increases
by 1.5-2.5 times. The relationship between
BMD and fracture is stronger than the
relationship between cholesterol and heart
attack, and as strong as the relationship between
blood pressure and stroke (Marshall et al. 1996).
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BMD measurement can be used to assess
fracture risk and to establish the diagnosis and
severity of osteoporosis. BMD testing can be
used to assess changes over time (monitoring) in
treated and untreated individuals. (It is important
to note that while standard x-rays are used to
diagnose fractures, they are not useful for
measuring bone mass. It is estimated that one
must lose 30 percent of BMD for bone loss to be
noted on x-ray; furthermore, an improperly
performed x-ray in a normal person may have
the appearance of bone loss.)

Who Should Have a Bone Density Test and
When

As noted earlier, an analysis of risk factors
can be helpful in determining who should or
should not get a BMD. Risk factors for bone
disease and fractures are still not fully
understood, especially for younger individuals,
males, and non-Whites. In an effort to summarize
general conclusions about what is and is not
known, a variety of organizations, including
government agencies and professional societies,
have made attempts to develop guidelines on
who should have a bone density test and when.
This section reviews those recommendations.

Recommendations for Osteoporosis
Screening and for Other Bone Diseases
There is general consensus that all women
age 65 and older should have a BMD test, and
that women at-risk of bone disease who are under
age 65 should also be screened (although there
is not universal agreement on what defines “at-
risk” status). At present there are no differences
in these recommendations across racial and
ethnic groups. The U.S. Preventive Services
Task Force (USPSTF) recommends bone
density screening for all women age 65 and older
and for younger postmenopausal women age 60—
64 who are at high risk ( body weight less than



70 kilograms, no current use of estrogen) (U.S.
Preventive Services Task Force 2002). Risk
factors that should also be considered include
smoking, weight loss, family history, decreased
physical activity, alcohol or caffeine use, or low
calcium and vitamin D intake. The NOF also
recommends testing women age 65 and older,
and emphasizes four common and easily
assessable risk factors that would justify
screening in younger postmenopausal women:
e a family history of osteoporosis;
e apersonal history of low-trauma fracture
after age 45;

e current cigarette smoking; and

e low body weight (under 127 pounds)
(NOF 2003).

The NOF also recommends BMD testing
for men who present with fractures or are
receiving treatment with a GNRH agonist for
prostate cancer, as well as for all individuals who
have primary hyperparathyroidism or are on
long-term glucocorticoid treatment (National
Osteoporosis Foundation 2002). The ISCD
agrees with screening all women age 65 and older
and also recommends screening healthy men
starting at age 70, with earlier testing for men
who are at high risk of osteoporosis or fracture
(Binkley et al. 2002).

BMD testing should also be performed on
any individual who has other potential risk
factors for osteoporosis, especially anyone who
has had a low-trauma fracture or who exhibit
another clinical indication of osteoporosis (e.g.,
x-ray evidence of low bone mass), as well as those
who have diseases or conditions known to cause
increased bone loss (e.g., hyperthyroidism
[increased activity of the thyroid gland in the
neck], hyperparathyroidism [increased activity
of the parathyroid gland in the neck], rheumatoid
arthritis, certain diseases of the stomach or
intestines, long-term menstrual irregularities,
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Who Should Have a BMD Test?
e U.S. Preventive Services Task Force
Guidelines
~ All women age 65 and older
~ Women between age 60—64 who
are at high risk (body weight less
than 70 kilograms, no current
hormone therapy)
e National Osteoporosis Foundation
Guidelines
~ All women age 65 and older
~ Postmenopausal women under
age 65 with:
~ Family history of osteoporosis
~ Personal history of low-trauma
fracture after age 45
~ Current cigarette smoking
~ Low body weight (less than 127
pounds)
e Other Clinical Recommendations
~ Low-trauma fractures as an adult
~ Hyperthyroidism
~ Hyperparathyroidism
~ Vitamin D deficiency (osteo-
malacia)
~ Rheumatoid arthritis
~ Medications that cause bone loss
(glucocorticoids, excessive doses of
thyroid hormone, medications
used to treat seizures, medications
that block sex hormone production)
~ Diseases that cause poor intestinal
absorption

cessation of menstrual bleeding) and those who
are using a medication that may cause increased
bone loss (e.g., glucocorticoids, excessive doses
of thyroid hormone, certain blood thinners,
certain drugs that treat seizures, drugs that block
sex hormone production) (Leib et al. 2004).
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Methods for Measuring BMD

The most widely accepted method for
measuring BMD is dual x-ray absorptiometry
(DXA). DXA is very safe, as it involves levels of
radiation that are lower than that derived from
daily background radiation from the sky when
taking a trans-Atlantic airplane flight, and much
lower than those from undergoing an x-ray of
the back. DXA measures BMD in the spine and
hip, sites that are likely to fracture in patients
who have osteoporosis (see Figures 8-4 and 8-
5). These central skeletal sites are also most
appropriate for monitoring the effectiveness of
therapy, as they are more likely than peripheral

sites to show an increase in BMD in response to
treatment. DXA is precise and permits
monitoring of patients over time. DXA also can
be used to measure bone density in the forearm
and whole body.

Several other techniques are available for
bone mass measurement and are described
briefly below (Genant et al. 1996, Grampp et al.
1997) (Table 8-3). While these methods do assess
bone density and may provide an indication of
fracture risk, it is important to note that the
WHO recommendations and other guidelines
for using BMD and interpreting BMD results
for diagnosis (see next section for more details)

Figure 8-4. Bone Mineral Density (BMD) Measurements at
Spine and Hip

Source: Black 2002.

200 Chapter 8



are based on DXA measurements of the hip or
spine. In the future, these alternative tests may
be further refined and others may be developed,
thus improving the ability to identify individuals
at risk of osteoporosis.

Peripheral DXA (pDXA) uses scaled-
down DXA instrumentation to measure
peripheral sites such as the forearm, heel,
or finger. These tests can help to identify

Bone Health and Osteoporosis

at-risk individuals who are most likely to
benefit from further BMD testing. Using
the test for this purpose is tricky,
requiring the setting of a proper threshold
for determining who needs further
evaluation. A too-low threshold could
prove ineffective in screening, with the
result being that many healthy
individuals undergo further (expensive)

Figure 8-5. Distribution of Bone Mineral Density in Healthy
Women Aged 30-40 Years

Proportion of population (%)
50

0-6 15

Osteoporosis

Bone mineral density (T-score)

0

85 >99

1 2 3 4

Source: Kanis 2002b.
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evaluation. A too-high threshold could
result in at-risk individuals being
“screened out” and thus failing to receive
further evaluation that could have resulted
in timely diagnosis and treatment of bone
disease. At present there is no scoring
system for peripheral DXA that has been
found to be preferable to using risk factor
analysis as a means of determining who
should and should not undergo DXA of
the spine and hip.

Peripheral quantitative computed
tomography (pQCT) uses specialized
equipment to measure cortical bone (the
outer, more solid shell of bone) and
cancellous bone (the inner, honeycomb-
like bone) in the forearm. This technique
is used primarily for research.
Quantitative computed tomography
(QCT) wuses standard computed
tomography equipment, usually with a
phantom that must be scanned with the
patient. It provides a true volumetric
measurement of cancellous bone density
in the spine. Although it involves greater
radiation exposure, it may be used as an
alternative to spine and hip DXA
measurements.

Quantitative ultrasound (QUS) uses sound
waves to assess bone mass and thus does
not use radiation. It can be used to measure
bone in a variety of peripheral sites, such
as the heel, tibia (leg), radius (wrist), and
tinger. Ultrasound devices measure the
speed of sound (SOS), as well as specific
changes in sound waves (i.e., broadband
attenuation or BUA) as the sound waves
pass through bone. Most devices use a
formula to calculate a bone density
equivalent or “T-score equivalent.”

Chapter 8

e Radiogrammetry uses measurements
derived from standard x-rays of the hand
to determine an index that compares
cortical thickness with the total bone
width in the mid-shaft of at least two
metacarpal (palm) bones.

e Radiographic absorptiometry (RA), also
called photodensitometry, uses a
standard x-ray of the hand to measure
density in the middle bones of the
second, third, and fourth fingers.
Specialized equipment is used to scan the
film at high resolution, and special
software is used to calculate bone volume
and bone density. The cortical thickness
of the bones also can be measured.

e Single x-ray absorptiometry (SXA) is
used to measure peripheral sites such as
the heel and forearm. The body part
being measured is immersed in a water
bath or water equivalent device. The
SXA picture is similar to that obtained
with DXA technology.

Incorporating these techniques for bone
assessment into future clinical trials and
observational studies will help in better
understanding their appropriate use as a means
of predicting the risk of bone disease and
fracture.

Using and Interpreting BMD Measurements
BMD in young healthy adults is normally
distributed as shown in Figure 8-5. An
individual’s BMD can be compared to the mean
value in a reference population, such as young
healthy adults. The difference between an
individual’s BMD and the mean BMD for the
reference population can be expressed in
standard deviation (SD) units; a score of 0
indicates BMD equal to the mean; a score of +1
indicates one standard deviation above the mean,
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Table 8-3. Techniques for Bone Mass Measurement

Technique

DXA

pDXA

pQCT

QCT

QUS

Radiogrammetry
RA

SXA

Skeletal sites that Time to measure Radiation exposure
can be measured (uSv)

Lumbar spine 5—10 minutes 1-7

(PA view)

Lumbar spine
(lateral view)
Proximal femur

(hip)

Forearm

Total body

Forearm, heel <5 minutes <1
Forearm < 5 minutes <1
Lumbar spine 5-10 minutes 50-60
Heel, forearm, < 5 minutes none

finger, tibia

Finger < 5 minutes <1
Finger < 5 minutes <1
Forearm, heel < 5 minutes 1

Abbreviations: uSv, microsieverts; DXA, dual x ray absorptiometry;
pDXA, peripheral dual x ray absorptiometry; pQCT, peripheral
quantitative computed tomography; QCT, quantitative computed
tomography; QUS, quantitative ultrasound; RA, radiographic
absorptiometry; SXA, single x ray absorptiometry.
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and a score of -1 is one standard deviation below.
When an individual’s BMD is compared to the
mean BMD score in a young healthy population,
this standard deviation measurement is referred
to as a T-score. The T-score is calculated using
the following formula:

T-Score

Patient’s BMD — Young Normal Mean

Standard Deviation of Young Normal Mean

In 1994, a working group of the World
Health Organization developed a classification
system for osteoporosis based on BMD using the
known gradient of the risk of fracture in the
population as a whole. They sought to define
osteoporosis using BMD so that the proportion
of individuals identified as having osteoporosis
by this method would be related to the lifetime
risk of fracture in the population. Four general
diagnostic categories were proposed for
assessments done with DXA (Kanis 1994, Kanis
2002b):

e Normal: Hip BMD that is no more than

1 standard deviation below the young
adult female reference mean (T-score
greater than -1).

e Low bone mass (osteopenia): Hip BMD
that is between 1-2.5 standard deviations
below the young adult female mean (T-
score less than -1 and greater than -2.5).

e Osteoporosis: Hip BMD that is 2.5
standard deviations or more below the
young adult female mean (T-score less
than -2.5).

e Severe osteoporosis (established
osteoporosis): Hip BMD that is 2.5
standard deviations or more below the
young adult mean in the presence of one
or more fragility fractures.
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In the young healthy population shown in
Figure 8-5, about 15 percent of the women have
a T-score of less than -1 and thus have low bone
mass or osteopenia, while about 0.5 percent of
women fall into the osteoporotic range, with a
T-score of -2.5 or less. The proportion of women
affected by osteoporosis increases with age as
average bone density declines (Figure 8-6) and
risk of fracture increases.

If there were only a single device for
measuring BMD, and only a single skeletal site
that was measured, absolute BMD, in g/cm2,
could be used. However, it is difficult for
clinicians to remember ideal or threshold cut-off
points for absolute BMD levels as measured by
a single type of machine at various locations,
including the spine and hip, let alone remember
the values for different types of machines that
are calibrated (standardized) differently. The T-
score provides a way to use a single set of
numbers for all devices and all skeletal sites.

Another way of expressing BMD is the Z-
score, which compares an individual with age-,
gender-, and ethnicity-matched norms. Z-scores
are not used for diagnosis because a person’s Z-
score can remain constant throughout life, even
as BMD declines with age. However, the Z-score
is useful in determining how an individual’s
BMD compares with what is expected for a
person of a given age and body size. Although
all patients with osteoporosis deserve at least a
limited evaluation for secondary causes (i.e., not
age-related) of bone loss, patients with a low Z-
score (i.e., BMD significantly lower than
expected for age and size) are particularly in need
of an in-depth evaluation for secondary causes
of osteoporosis. Z-scores are also useful in
children to determine how their bone density
compares to that of their peers. Since they have
not reached adult peak bone mass, T-scores
should not be used for children. Figure 8-7 is a
graphical illustration of T-scores and Z-scores.
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Osteoporosis

Different Ages, and the Prevalence of Osteoporosis

Figure 8-6. Distribution of Bone Mineral Density in Women of
(Shaded Area). T-score Below -2.5

Age (years)
50

Bone mineral density (T-score)

Source: Kanis 2002b.
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The WHO classification was derived from
studies of White postmenopausal women and
applies to them, but not for men, premenopausal
women, or non-White postmenopausal women.
In general, men have a higher bone mass than
do women of the same age, and Black men and
women have higher bone mass do White men
and women of the same age (Finkelstein et al.
2002, Looker 2002). Although controversial, the
International Society for Clinical Densitometry
(ISCD) recommends use of a single normative
database (i.e., not adjusted for ethnicity) to
calculate T-scores in non-White as well as White
postmenopausal women, and use of a male
normative database to calculate T-scores for men
(Binkley et al. 2002). There are no official
recommendations for the BMD standard
deviation values that should be used to diagnose
osteoporosis in men, premenopausal women, or
children. The ISCD emphasizes that the
diagnosis of osteoporosis in men, premenopausal
women, and children should not be made on the
basis of BMD alone (Leib et al. 2004). In fact, a
Canadian panel of ISCD has developed
guidelines for the diagnosis of osteoporosis in
premenopausal women, men, and children
(Kahn etal. 2004). This panel recommended that
BMD measurements be used only in patients
with fragility fractures or major secondary causes
of bone loss. The panel also recommended that
Z.-scores, not T-scores, be used in children and
pre-menopausal women. Finally, the panel
recommended that the terms osteopenia and
osteoporosis not be used for children, since the
WHO criteria do not apply to them.

Not everyone with low BMD has
osteoporosis; osteomalacia and other bone
disorders should also be considered. In addition,
as noted previously, low bone density is not the
only risk factor for fracture; other factors include
age, risk of falling, risk of injury, previous low-
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trauma fracture, family history of osteoporosis,
etc. (see section on Risk Factor Analysis).

The National Osteoporosis Foundation
(NOF) and the ISCD recommend using DXA
to measure BMD in both the hip and spine and
classifying the patient based on the lowest T-score
of these measurements (Hamdy et al. 2002, NOF
2003). ISCD recommends using the mean score
for the -1 to L-4 vertebrae to calculate spine
BMD and that vertebrae affected by local
structural artifacts be excluded from this
calculation (Leib et al. 2004). The U.S. Preventive
Services Task Force and the Agency for Healthcare
Research and Quality (Nelson et al. 2002) state that
BMD at the femoral neck is the best predictor of
hip fracture and is comparable to spine or forearm
BMD for predicting fractures at other sites. ISCD
recommends using forearm BMD for obese patients
in whom the spine and hip measurements cannot
be obtained (Leib et al. 2004).

Finally, when interpreting scores, it is
important to remember that DXA measures
areal density by calculating grams per square
centimeter (bone mineral content divided by
area), in contrast to “true” measures of density,
which involve volumetric measurement). As a
result, DXA underestimates the density of small
bones and overestimates the density of large
bones. Therefore, the size of the bone should be
taken into account when deciding whether or
not to medicate.

Use of DXA for Monitoring

DXA cannot only be used for making an
initial diagnosis and treatment decision, but
central DXA is also precise enough to be used
for monitoring patients over time, provided the
interval between measurements is tailored to the
specific patient’s situation (Lenchik et al. 2002).
More research is needed on the best regimens
for follow-up testing and for the best way to
interpret changes in BMD in these follow-up



tests. This section reports on the most
appropriate approaches, given the current state
of scientific evidence.

For individuals who are not currently
receiving treatment, the timing of a repeat test
should be based on the current BMD and the
expected rate of bone loss (e.g., bone loss is faster
during early menopause). For older individuals
with above-average T-scores, repeat testing may
not be necessary at all. For younger individuals
who were initially screened due to risk factors
but who have normal BMD values, repeating a
test every 5—10 years may be helpful. For those
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with borderline low BMD and/or who may lose
bone fairly rapidly (e.g., exposure to high doses
of glucocorticoids), repeating the test in 2-3 years
would be appropriate. For monitoring patients
on treatment (which is the main reason for
ongoing monitoring via BMD measurement),
testing annually is inappropriate, and there is
insufficient evidence to determine if testing every
2 years is useful (Nelson et al. 2002).
Nonetheless, many practitioners repeat the test
every 2 years for patients on treatment (Medicare
covers testing every 2 years), while others wait
longer. It is unlikely that repeated BMD

Figure 8-7. T-Scores and Z-Scores
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Note: The patient's BMD is represented by a circle, the young normal mean by the bold
horizontal line, each 1 SD difference by the lighter horizontal lines, the age-matched mean by the
dashed line, and 1 SD above or below the age-matched mean by the shaded area. This 60-year-old
woman is 2 SD below the young normal mean (T-score —2.0) and 0.5 SD below the mean for her

Source: ISCD 2003.
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measurements make a difference in patient
compliance with treatment, as many patients
who discontinue treatment do so after less than
a year (before BMD would be repeated). One
exception to the rules related to frequency of
testing applies to patients receiving high-dose
long-term glucocorticoid therapy, for whom
monitoring is recommended every 6 months until
BMD is shown to be stable or improved. When
repeating BMD measurements, it is important
to avoid over-interpretation of small changes as
these can be due to differences in equipment or
changes in positioning. Non-DXA techniques
measuring peripheral sites, QCT, lateral spine
DXA, and Ward’s triangle DXA (the area of the
hip with the lowest density) should not be used
for monitoring osteoporosis.

Limitations of BMD Testing

As noted in various sections of this chapter,
there are still a number of limitations with respect
to BMD testing. Better guidelines are needed on
which individuals should receive the test, how
to interpret the results of initial and follow-up
testing, and how to communicate those results
to patients. Health care providers need clear,
evidence-based approaches that will enable them
to decide who should have BMD testing. They
also need guidance in developing plans for
treatment and prevention based on a combination
of BMD data and other risk factors. More data
on the outcomes of screening, prevention, and
treatment programs should help to close the large
current gap between evidence and practice (Bates
et al. 2002, Cummings et al. 2002).

One important concern about the
interpretation of results is the variability that
exists across different types of BMD machines
(even those made by the same manufacturer),
and across similar types of machines made by
different manufacturers. BMD measured on one

208 Chapter 8

type of machine cannot be accurately compared
to BMD measured on a different type of machine,
nor can BMD performed on the same type of
machine at two different locations. There is also
variability in the ability of technologists to
perform the tests, in the training and ongoing
certification of technologists, and in
interpretations of results by physicians, each of
which can undermine the comparability of results.
As aresult of all of these factors, daily equipment
checks and a quality control system related to both
the methodology and reporting of test results is
critical to ensure the validity of DXA analysis.
The ISCD has developed specific, detailed
instructions for quality control as well as reporting
of DXA measurements (LLeib et al. 2004).

Depending on the skeletal site assessed, the
prevalence of osteoporosis can be overestimated
(e.g., by use of lateral spine DXA or spinal QCT)
or underestimated (e.g., by heel ultrasound)
compared to DXA of the spine or hip (Faulkner
et al. 1999). There may be differences between
the density of skeletal sites within an individual
patient. For example, a patient may have a normal
spine, but very low bone density at the hip,
examination of multiple sites is more likely to
result in a diagnosis of osteoporosis. It is important
to remember that, despite these limitations, bone
mineral density remains the single best predictor
of fracture risk available today.

Looking to the Future: Potential
Complements to BMD

Researchers in bone disease are developing
new approaches that might one day serve as a
standard complement to BMD tests. These
approaches seek to incorporate additional
information that can prove useful in identifying
at-risk individuals who may be candidates for
further evaluation and treatment, and/or in
monitoring the effectiveness of therapy in



patients already being treated. This section
reviews these efforts.

Biochemical Markers of Bone Turnover

One major thrust relates to efforts to identify
“markers” that reflect the rates at which bone
breaks down and builds up. As noted in Chapter
2, bone is continuously remodeled in a process
referred to as bone turnover whereby old bone
is removed and replaced by new bone. Thus,
bone resorption (the breaking down of bone) and
formation (the building up of bone) are occurring
throughout the skeleton at different sites and at
different rates. Tests are now available that look
for specific blood and urine markers that reflect
the rate of each of these processes for the whole
skeleton. While BMD measurements provide
valuable information on fracture risk, they
contribute no insight into the rate of bone
turnover in a given patient. To the extent that
the imbalance in the rate of bone resorption and
formation may predict the rate of bone loss or
enhance the ability to predict the risk of fracture,
biochemical markers of bone turnover have the
potential to complement the information
provided by BMD measurements. As reviewed
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below, while current bone turnover markers
have clear limitations, they do nonetheless have
some role today in the management of the patient
with osteoporosis, particularly to assess
responses to therapy (Looker et al. 2000). With
further refinement they are likely to play a more
important role in the future.

Table 8-4 lists currently bone turnover
markers that are currently available. These can
be broadly separated into markers of bone
resorption and formation; each of these markers
is discussed briefly below.

Resorption Markers. Resorption markers are
primarily based on measurement of collagen
breakdown products that are released into the cir-
culation as bone is resorbed. In recent years rapid
and relatively inexpensive tests capable of mea-
suring these breakdown products have been de-
veloped, representing a major advance in this area.
Most commonly used are the tests for urine and,
more recently, blood (serum) (Looker et al. 2000,
Garnero et al. 1998, Miller et al. 1999). These
markers measure cross-linked (connected) frag-
ments of type I collagen that are released as bone
collagen is broken down (Robins et al. 1994).
While initially a sophisticated technique was re-

N-telopeptide of type I collagen (NTX)

Table 8-4. Currently Available Bone Biochemical Markers

Resorption markers Formation markers

Osteocalcin

C-telopeptide of type I collagen (CTx)

Bone specific alkaline phosphatase (BSAP)

Free and total pyridinolines (Pyd)

Aminoterminal propeptide of type I
collagen (PINP)

Free and total deoxypyridinolines (Dpd)

Carboxyterminal propeptide of type I
collagen (PICP)
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quired to measure these molecules, there are
now a number of relatively easy to perform tests
that can measure them in the blood and urine
(Robins et al. 1995).

Formation Markers: Since bone resorption
and formation are coupled processes, blood-
based bone formation markers are also useful in
assessing bone turnover. Osteocalcin and bone
specific alkaline phosphatase (BSAP) can serve
as such markers, as they are proteins that are
made during the process of bone formation
(Deftos et al. 1992, Garnero and Delmas 1993).
In addition, since a major product of osteoblasts
is type I collagen, tests have also been developed
that can measure fragments of the collagen
precursor chain that are removed and released
into the circulation during the processing of the
collagen precursor molecule in bone.

Extensive research studies of bone biochemical
markers have uncovered potential clinical uses for
these markers. These uses, along with current
limitations, are reviewed briefly below.

Estimation of Bone Mass. Bone biochemical
markers cannot and should not be used to diagnose
osteoporosis or to estimate bone mass; direct mea-
surement of BMD is most effective for these tasks.

Estimation of Fracture Risk. There is
evidence to suggest that increased bone turnover
may be an independent predictor of fracture risk.
In a prospective study of elderly (those over age
75) French women, excess excretion of urinary
C—terminal collagen crosslinked peptides (CTx)
and free deoxypyridinoline crosslinks (Dpd), two
of the commonly used biochemical markers of
resorption, was associated with an increased risk
of hip fracture, even after adjusting for femoral
neck BMD (Garnero et al. 1996). Moreover, in a
meta-analysis (combination analysis of multiple
studies) of trials using antiresorptive drugs
(drugs that slow the breakdown of bone),
investigators showed that the change in

210 Chapter 8

resorption markers brought on by these agents
was related to the reduction in non-spine fracture
risk (Hochberg et al. 2002). Specifically, they
found that, on average, a drug that reduced bone
resorption by 70 percent would decrease the risk
of non-spine fractures by 40 percent,
independent of effects on BMD. However, while
estimation of fracture risk independently of
BMD remains an intriguing and potentially
important use of bone turnover markers, their
routine use for this purpose in individual patients
cannot be recommended at this time, largely due
to the variability of the measurements.
Estimation of Rate of Bone Loss. Several
studies indicate that, at least for groups of
individuals, bone biochemical markers can be
used to estimate the rate of bone loss. For example,
a 4-year study by Garnero et al. (Garnero et al.
1999) found that women with normal bone
turnover lost less than 1 percent BMD over 4 years,
while those in the high turnover group lost 3—-5
times that amount of bone. Here again, the
variability of measurements is such that markers
may not provide an accurate estimate of bone loss
in an individual patient (Nelson et al. 2002).
Selection of Individuals for Therapy. There
are reports indicating that individuals with the
highest levels of bone turnover appear to have
the best response to antiresorptive therapy. In a
two-year study of estrogen/progestin treatment,
Chesnut and colleagues found that individuals
in the highest quartiles for initial excretion of
urinary N'Tx (a biochemical marker) had the
greatest gain in BMD in response to hormone
treatment (Chesnut et al. 1997). However, the
review by the Agency for Healthcare Research
and Quality (AHRQ) concluded that studies
relating marker results and bone loss had no
obvious trend and markers were not useful for
patient selection (Nelson et al. 2002). Further
studies are needed to evaluate these issues,



particularly with respect to more accurate
measurements and better quality control.
Monitoring Effectiveness of Therapy.
Perhaps the most important use for bone
markers today is in monitoring the effectiveness
of ongoing therapy. A number of studies indicate
that a significant reduction in bone resorption
markers occurs within four to 6 weeks after
initiation of antiresorptive therapy, followed by
a decrease in bone formation markers in 2-3
months (Garnero et al. 1994). Thus, bone
turnover markers could theoretically be used to
quickly learn when therapy is not working,
certainly much more quickly than could a follow-
up BMD test 2 years after initiation of therapy.
Markers have been used for this purpose for
many years for monitoring the response to
treatment in Paget’s disease. Failure to show the
expected reduction in resorption markers could
indicate that the patient is not taking the
medication in the prescribed manner or that the
dose or type of therapy needs to be changed.
However, the review by the AHRQ concluded
that no marker could accurately determine if an
individual would respond to therapy as
confirmed by subsequent BMD measurements
(Nelson et al. 2002). Work is ongoing to
determine the clinical usefulness of following
markers in patients being treated with
antiresorptive drugs for osteoporosis.
Summary. To summarize, bone biochemical
markers may have a potential future role in the
identification and management of the patient
with osteoporosis. The remodeling rate itself
may play a central role in bone fragility rather
than just as a marker of bone loss and future
declines in bone mass. When the remodeling rate
is high, many of the material qualities of bone
that contribute to fragility and inability to resist
fracture are sub-optimal (Heaney 2003).
Continued improvements in these markers
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may lead to their use as independent estimators
of fracture risk, of rates of bone loss, and perhaps
for optimal selection of patients for specific
therapies as well as for monitoring of response
to these therapies.

Next-Generation Models for Assessment
Advances in understanding of biochemical
markers and genetic factors related to bone
disease are leading to the potential for more
sophisticated tools for assessing the risk of bone
disease in individuals. With that goal in mind,
an effort to develop a system that estimates a
patient’s fracture risk over the next 5-10 years is
now underway as a joint activity of the
International Osteoporosis Foundation and the
National Osteoporosis Foundation of the United
States (Kanis et al. 2002a and 2000c¢). Data from
most of the world’s epidemiology studies are
being merged in order to identify consistent risk
factors for fracture and to develop a clinical
prediction rule that utilizes this information, plus
BMD measurements if available, to estimate an
individual’s personal fracture risk over the next
decade of his or her life. In this scheme the risk
of all types of osteoporotic-related fractures (not
just hip fractures) would be assessed, so that the
entire burden of the disease can be recognized.
A patient’s personal fracture risk could provide
a much better basis for individualized treatment
decisions. However, it will be important to
validate this approach in the community.
Looking ahead, the evolution of risk factor
analysis will likely involve the expansion of
generally accepted risk factors such as age,
gender, race, and fracture history, all of which
are well-established as validated estimators.
Other potential risk factors are being studied and
may play a larger role in the future. The most
promising include biochemical markers of bone
metabolism and genetic risk factors, which
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represents an evolving area of research.
Candidate genes include receptors (proteins in a
cell or on its surface that bind specific substances
such as hormones and are necessary for these
substance to act on the cell) such as the vitamin
D or estrogen receptor genes, and components
of bone itself, such as the collagen gene. In the
tuture, the characterization of gene subtypes and
further clarification of the roles that these and
many other genes that regulate bone cells play
may allow for the development of assessment
tools that are able to identify at an early age
individuals at high risk of developing
osteoporosis later in life. Additional research on
biochemical markers, genetic factors, and other
clinical risk factors is needed, especially related
to groups other than older White women and
to the prediction of fracture risk over the very
long term.

Key Questions for Future
Research

Assessing the risk of bone disease and
fracture remains a challenge. Not all of the risk
factors have been identified, and the relative
importance of those that are known remains
unclear. The answers to the following research
questions can help in meeting this challenge:

e What strategies would be most effective
in promoting the cost-effective use of
bone densitometry more broadly to the
at-risk population?
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Given the limitations of bone densitom-
etry, what tests and/or tools are most ef-
fective in predicting the risk of fracture
and/or deformity in an individual? Which
tools are most practical in different clini-
cal settings? What existing and yet-to-be-
identified risk factors are most effective
at predicting this risk?

What practical methods are most effective
at assessing the other part of the definition
of osteoporosis—“micro-architectural
deterioration” (changes that occur in bone
because of deterioration of its fine
structure)—especially at high-risk sites
such as the vertebral bodies and proximal
femur. New imaging techniques will be
important not only in analyzing skeletal
microarchitecture, but also in detecting
early skeletal lesions (e.g., in those who
have Paget’s disease or cancer).

How can biochemical markers best be
used in assessing fracture risk? One key
requirement will be the standardization
and quality control of current assays of
bone remodeling.

Are there new, as yet undiscovered
biochemical markers of bone resorption
and formation that could be useful in
assessing fracture risk? Can these markers
be identified through detailed studies of
proteins produced by bone cells and
deposited in bone matrix?
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There have been important advances in
the ability to prevent and treat fractures
in the last 10 years, especially in those
with skeletal fragility. Just as with the use
of diagnostic measures, there has been a
tailure in the United States to apply
appropriate preventive and treatment
measures to many persons at risk for
bone disease.

Everyone should be informed of the basic
elements of maintaining bone health and
preventing bone disease. Paying
attention to the basics—appropriate
physical activity, nutrition, and
smoking—is critical for everyone,
especially those who have, or who are at
risk of developing, osteoporosis.

Any individual who is diagnosed with
osteoporosis should be evaluated for
potential secondary causes of the disease,
including the presence of other disorders
or the use of medications that can cause
harm to bone. If secondary causes are
present, actions should be taken to
minimize their impact.

For the most common bone diseases,
drugs that prevent bone breakdown
(antiresorptives) have been shown to be
effective in reducing the risk of future

Chapter9

fractures. These drugs not only slow any
further deterioration of the skeleton, but
also allow for some repair and restoration
of bone mass and strength.

When antiresorptive therapy is not
enough, anabolic therapy is available to
help build new bone and further reduce
the risk of fracture. While this approach
has been developed for the prevention and
treatment of osteoporotic fractures, it can
also be applied to other bone diseases.
For individuals who remain at high risk of
fracture, an extensive fall prevention
program should be developed. This
program should aim to minimize the risk
of falls in the home and community; avoid
the use of drugs that increase the risk of
bone disease or falls; and protect those who
do fall through the use of hip protectors.
Specific, effective treatments exist for a
number of bone diseases other than os-
teoporosis, including hyperparathyroid-
ism, rickets, and osteomalacia. Treatment
is also available for some congenital bone
disorders and for bone disease associated
with kidney failure. For all of these con-
ditions, early detection and treatment are
critical to avoiding crippling deformities
and fractures.
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PREVENTION AND TREATMENT FOR THOSE
WHO HAVE BONE DISEASES

Just as there have been great advances in the
ability to identify individuals at risk of fracture
(see Chapter 8), there have been equally
important advances in the ability to prevent and
treat fractures in these individuals, especially
those with skeletal fragility. In particular the
introduction of bisphosphonates and selective
estrogen receptor modulators (SERMs) has given
health care providers new approaches to therapy.

Just as for the use of diagnostic measures,
numerous studies indicate that there has been a
tailure in the United States to apply preventive
and treatment measures to many persons at risk
for bone disease. As a result, most high-risk in-
dividuals (e.g., those who have suffered a fragil-
ity fracture) do not get the testing and treatment
that they need. Use of bone mineral density
(BMD) testing in this population ranges from
3-23 percent, while use of calcium and vitamin
D supplementation ranges from 11-44 percent,
and use of antiresorptive therapy ranges from
12-16 percent (Morris et al. 2004, Smith 2001 et
al.). In fact, most physicians fail to discuss os-
teoporosis with their patients, even after a frac-
ture (Pal 1999). In a large study of older adults,
four out of five hip or wrist fracture patients did
not receive any treatment after the fracture. The
same study also found that certain groups of
patients, including men, older persons, non-
Whites, and those with comorbid conditions, were

less likely than White women to receive treatments
(Solomon et al. 2003). Even when physicians do
suggest therapy, it often does not conform with
recommended practice, as many patients with low
BMD are not treated while others with high BMD
are (Solomon et al. 2000). In other words, the gap
between clinical knowledge and its application in
the community remains large.

It is also important to recognize that the ideal
drugs for the treatment of osteoporosis or other
bone disorders have yet to be developed. Inex-
pensive, effective agents with few side effects are
needed so that they can be used broadly to pre-
vent fractures and deformities in the enormous
number of individuals who will be at risk of bone
disease as the population ages. (See Chapter 4
for more details on the large at-risk population.)

This chapter reviews the latest evidence on
the prevention and treatment of fractures in in-
dividuals with or at high risk for bone disease.
As the box below indicates, the use of the terms
“prevention” and “treatment” can be confusing,
since the goal of many treatments is the preven-
tion of disease or fractures. At the same time,
prevention is often considered a treatment for
those with or at risk for bone disease. Nonethe-
less, it is important to recognize the critical role
of prevention in all individuals, including (and
perhaps especially) in those known to have bone
disease and/or to be at high risk of fracture.
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Treatment as Prevention, and Prevention
as Treatment

The concept of prevention within the area
of bone health is complex, and often encom-
passes measures that may be more commonly
considered as treatments. In fact, in the field
of bone health, the terms treatment and pre-
vention are often used in an interchangeable
manner, since the major goal of treatment is
the prevention of fractures.

Within both bone health and general
health care, prevention can be thought of as
taking anticipatory actions designed to reduce
the possibility that an event or condition will
occur that could lead an individual to a state
of dependency. Within this broad definition
are three different types of preventive activi-
ties.

® Primary prevention refers to actions
that prevent a disease or injury (e.g., os-
teoporosis) that could lead to a state of impair-
ment.

® Secondary prevention refers to activi-
ties that block the progression of an existing
impairment (e.g., bone disease) to a disability
(e.g., fracture); interventions within this area
are often also considered to be treatments.

® Tertiary prevention refers to actions
that block or slow the progression of a disabil-
ity (e.g., fracture) to a state of dependency. In
some cases these actions may also be consid-
ered treatments.

Preventive measures within the area of
bone health span all three types. For example,
certain measures to achieve optimal bone mass
can be considered primary prevention, includ-
ing encouraging adequate intake of calcium
and vitamin D, appropriate physical activity,
and other bone-healthy lifestyle behaviors.

Other measures that are commonly considered
treatments for osteoporosis, such as using
antiresorptive and anabolic agents, should also
be thought of as secondary prevention, since
they are designed to retard the progression of
the disease to prevent disability. Fall preven-
tion in this population may also be seen as sec-
ondary prevention, since its purpose is to pre-
vent disability in an individual who already
has bone disease.

Appropriate and comprehensive treatment
of a fracture is considered tertiary prevention,
because such treatment attempts to prevent a
person with a disability from becoming depen-
dent. Drugs prescribed to individuals who
have already sustained a fracture are also a part
of this tertiary prevention effort. From a pub-
lic health perspective, physical therapy and
other forms of rehabilitation are considered
methods of tertiary prevention in this popula-
tion.

This paradigm also fits the management of
other bone diseases. For example, early treat-
ment of Paget’s disease can prevent fractures
and hence can be considered as either second-
ary or tertiary prevention, depending on the
status of the patient when the treatment is
given. The bottom line is that a spectrum of
preventive activities exists within the area of
bone disease, and treatment is a part of that
spectrum. Assuring bone health requires that
preventive measures be implemented in all its
aspects: to optimize peak bone mass;, to block
excessive resorption; to increase bone forma-
tion; to decrease skeletal fragility; to decrease
the severity and frequency of falls; and to ac-
celerate recovery from fracture. In fact, this
entire spectrum of prevention is central to pro-
moting bone health in all populations.

Treatment of Osteoporosis = Prevention of Fractures
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Figure 9-1. The Osteoporosis Pyramid for Prevention and Treatment

Pharmacotherapy
(Antiresorptives and
Anabolics)

Address Secondary Factors
(Drugs and Diseases)

Lifestyle Changes
(Nutrition, Physical Activity, and Fall Prevention)

Note:

The Base of the Pyramid: The first step in the prevention and treatment of osteoporosis
and the prevention of fractures is to build a foundation of nutrition and lifestyle measures that
maximize bone health. The diet should not only be adequate in calcium and vitamin D, but

should have a healthy balance of other nutrients. A weight-bearing exercise program should be
developed. Cigarette smoking and excessive alcohol use must be avoided. In the older individual,
at high risk for fractures, the changes in lifestyle would include a plan not only to maximize
physical activity, but also to minimize the risk of falls. The use ofP hip protectors can be
considered in some high-risk patients. Diseases that increase the risk of falls by causing visual
impairment, postural l%ypotension (a drop in blood pressure on standing, which leads to
dizziness), or poor balance should be treated. Drugs that cause bone loss or increase the risk of
falls should be avoided or given at the lowest effective dose.

The Second Level of the Pyramid: The next step is to identify and treat diseases that produce
secondary osteoporosis or aggravate primary osteoporosis. These measures are the foundation
upon which specific pharmacotherapy is built and should never be forgotten.

The Third Level of the Pyramid: If there is sufficiently high risk of fracture to warrant
pharmacotherapy, the patient is usually started on antiresorptives. Anabolic agents are used in
individuals in whom antiresorptive therapy is not adequate to prevent bone loss or fractures.
Chapter 9 summarizes the indications for antiresorptive and anabolic therapy.

A Pyramid Approach

One of the primary goals in the treatment of
osteoporosis and other bone diseases is to main-
tain bone health by preventing bone loss and
perhaps even by building new bone. Another
goal is to minimize the risk and/or impact of falls,
since they are typically the precursor to the most
devastating consequence of bone disease: frac-

tures. The best way to realize these goals is to
employ a combination of various prevention and
treatment strategies. In fact, maintaining bone
health and preventing fractures and deformities
requires a “pyramid” approach (Figure 9-1).
The building blocks of physical activity and
good nutrition (particularly with respect to ad-
equate intake of calcium and vitamin D) represent
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measures are not enough there are now addi-
tional treatments that can be given to build new
bone (anabolics) and further reduce fracture risk.
While this approach has been developed for the
prevention and treatment of osteoporotic frac-
tures, it can also be applied to other bone diseases.

For those individuals who remain at high risk
of fracture even after treatment (e.g., the frail eld-
erly), the base of the pyramid should include an
extensive program to minimize the risk of falls
in the home and community, to avoid the use of
drugs that increase the risk, and to provide hip
protectors that reduce the risk of fracture in those
who do fall.

The Base of the Pyramid: Maintaining Bone
Health and Preventing Fractures

Prevention is, by far, the most effective way
to promote bone health, and thus represents the
base of the pyramid (Figure 9-1a). Everyone
should be informed of the basic elements of main-
taining bone health. Everyone should strive for
adequate levels of calcium and vitamin D intake.
Everyone should engage in regular weight-bear-
ing exercise and avoid behaviors that impair
bone health such as smoking. Everyone should
understand the basics about how to avoid fall-
ing. These elements serve as the foundation of
prevention of bone disease and fractures. They
may be all that are required in individuals at low
risk of bone disease, but they are critically im-
portant for high-risk patients as well.

The remainder of this section provides a very
brief overview of the key elements of preven-
tion that every individual and provider should
know. Much more detail about each of these ar-
eas is provided in Chapters 6 and 7.

Calcium: For postmenopausal women, the
recommended total daily calcium intake is 1,200
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mg per day in two or more doses. These levels
of intake can be achieved through dietary sources
of calcium, including both dairy and non-dairy
products. A detailed list of these foods and bev-
erages appears in Chapter 7, while another list
ranked by calcium content can be found in
Chapter 10. In addition, calcium supplements
(e.g., calcium carbonate, calcium citrate, other
calcium salts) are available in the form of pills,
chewable tablets, and liquids, as discussed in
Chapter 7. The total daily calcium intake should
not exceed 2,500 mg (IOM 1997).

Vitamin D. Vitamin D is important for ab-
sorption of calcium and mineralization (harden-
ing) of bone. As discussed in Chapter 6, vitamin
D is synthesized in the skin through sunlight
exposure, or it may be taken as a supplement.
However, the skin of older individuals does not
synthesize vitamin D as well as the skin of
younger individuals, and in some parts of the
country, the winter sun does not produce vita-
min D in the skin of all individuals. In addition,
vitamin D is not available in many foods other
than fortified milk, which contains 100 IU (in-
ternational units) per cup. Thus, many individu-
als will need to take a supplement, especially those
who avoid sun exposure, use sun block, or do
not drink milk. The recommended dose of vita-
min D is 200 to 600 IU daily, with the dose de-
pendent on age, as shown in Table 7-1 (IOM
1997). However, many experts are recommend-
ing more vitamin D for the frail elderly (Heaney
and Weaver 2003). The total daily vitamin D
intake of persons who are not vitamin D defi-
cient should not exceed 2,000 IU (IOM 1997).
Many calcium supplements contain vitamin D.
Most multivitamins contain 400 IU of vitamin
D. Vitamin D supplements can be taken on their
own, or with calcium or food.

Patients who are vitamin D insufficient (low
levels of vitamin D in the blood) or deficient



(very low levels of vitamin D in the blood)
require treatment with higher doses of vitamin
D. Vitamin D deficiency can lead to secondary
hyperparathyroidism (see below) with normal
levels of blood calcium. Severe cases lead to
osteomalacia or rickets (see Chapter 3). It should
be noted that the optimal range for 25-
hydroxyvitamin D is higher than the “normal”
ranges reported from clinical laboratories, since
these ranges are obtained from a population that
includes individuals with sub-optimal levels.
Patients can be treated with vitamin D
supplementation of 50,000 IU once a week for
up to 3 months with follow-up blood tests of
vitamin D, calcium, and PTH levels. Some
patients may require longer courses of treatment
(Pettifor 2003).

Physical Activity. Weight-bearing, strength,
and balance-training exercises are also an
important part of any osteoporosis prevention
and treatment program, regardless of age. They
can help increase or preserve bone mass and may
also help reduce the risk of falling. As discussed
in Chapter 6, all types of physical activity can
contribute to bone health. Activities that are
weight bearing or involve impact are most useful
for increasing or maintaining bone mass.
Activities that are not weight bearing or are low
impact may help improve balance and
coordination and maintain muscle mass, which
can help prevent falls. To encourage increased
levels of physical activity among all age groups,
“Physical Activity and Health: A Surgeon
General’s Report” recommends a “minimum of
30 minutes of physical activity of moderate
intensity (such as brisk walking) on most, if not
all, days of the week” (USDHHS 1996). Since
the skeleton responds preferentially to strength
training and short bouts of high-load impact
activity (such as skipping or jumping), the same
report recommends that adults supplement their
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cardiorespiratory endurance activity with
strength-developing exercise at least two times
per week. Chapter 7 addresses specific ways to
incorporate strength and loading activities into
an overall habit of physical activity.

For those who cannot engage in regular
physical activity due to disability, mechanical
stimulation of the skeleton might prove
beneficial. Recent, small studies found that use
of vibrating platforms increased BMD and
slowed bone loss (Rubin 2004 et al., Verschueren
et al. 2004, Ward et al. 2004). This may provide
another way to reduce fracture risk both in the
elderly and in younger individuals with
disabling conditions that limit their ability to
exercise. However, the long-term safety and
efficacy of such approaches remain to be
determined, and therefore specific rehabilitation
and exercise programs aimed at increasing
activity and function remain critically important
in the frail elderly and in younger individuals
with neuromuscular disabilities.

Fall Prevention. Falls represent perhaps the
biggest threat to the bone health and the func-
tional independence of older individuals. Falls
are common and frequently are the precipitat-
ing event that leads to a fracture or fractures in
an individual. Thus, fall prevention offers an-
other important opportunity to protect the bones
throughout life, but particularly in those over
age 60. Falls occur for a variety of reasons, with
multiple factors often contributing to a single fall.
These factors include problems with balance,
mobility, vision, lower extremity weakness, and/
or blood pressure or circulation. Often these
problems are compounded by an acute illness
(e.g., infection, fever, dehydration, arrhythmia),
a new medication, or an environmental stress
(e.g., standing or walking on an unsafe surface,
poor lighting) that leads to the fall. To reduce
the risk of falls, a variety of fall prevention mea-
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sures should be encouraged for frail, elderly in-
dividuals. These include regular vision checks;
elimination (where possible) of medications and/
or dosages that may cause dizziness, low blood
pressure, or confusion; and addressing environ-
mental problems or obstacles that can lead to falls,
including removing throw rugs, installing night
lights, installing railings on stairs and grab bars
in showers, encouraging use of rubber-soled
shoes and slippers, and attaching phone cords
and other wires to the baseboard of the wall. Hip
protectors or hip pads might also be useful in
reducing the impact of those falls that do occur.
More information on fall prevention strategies
can be found in Chapter 7.

The Second Level of the Pyramid: Assessing
and Treating Secondary Causes

The first level of the pyramid applies to all
individuals whether or not they have low bone
mass or multiple risk factors for osteoporotic frac-
tures. The second level (Figure 9-1b), which is
important for patients at high risk for fractures,
involves determining whether there are second-
ary causes or aggravating factors for the os-
teoporosis and addressing them therapeutically
if they exist.

The vast majority of older postmenopausal
women with osteoporosis will have the primary form
of the disease, with secondary factors likely playing
only a limited role. However, there can be consider-
able therapeutic benefit from uncovering such fac-
tors and dealing with them appropriately if they ex-
ist. In men and younger women with osteoporosis,
secondary factors often play a major role, and the
diagnosis and treatment of these factors may be the
most important part of managing their bone disease.
For a complete list of secondary factors that can cause
or contribute to osteoporosis, see Chapter 3.
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One important reason for dealing with sec-
ondary factors is that the therapeutic response
to specific treatment can be substantial. For ex-
ample, large increases in BMD have been ob-
served after treatment of hyperparathyroidism
(Silverberg 1995) and epidemiologic studies have
shown that fracture rates decrease substantially
when glucocorticoid therapy is discontinued
(van Staa 2000).

A careful history can suggest possible sec-
ondary factors and guide the health care pro-
vider in carrying out appropriate tests. At a mini-
mum, serum calcium concentration should be
measured. In populations and geographic areas
where vitamin D deficiency is common, mea-
surement of 25-hydroxy vitamin D is another
useful screening test. Measurement of calcium
and creatinine in fasting, second-voided morn-
ing urines or 24-hour urines may be useful in
detecting high or low calcium excretion. High
calcium excretion may be associated with bone
loss while low calcium excretion may be associ-
ated with malabsorption and vitamin D defi-
ciency. Patients with gluten-sensitive enteropa-
thy or sprue may present with osteoporosis yet
have few gastrointestinal symptoms. Weight loss
is often a key sign of this disorder or of other
underlying diseases such as malignancy. Many
physicians recommend screening for thyroid
disease, which is relatively inexpensive. Because
screening for Cushing’s syndrome can be diffi-
cultand costly, it should be reserved for patients
in whom the history and physical examination
strongly suggest the possibility of this disorder.

Treatment of most secondary causes of bone
loss and fractures is generally well established
and is described later in this chapter. In patients
with severe osteoporosis the treatment of second-
ary factors should be carried out together with
pharmacotherapy for the bone itself, as this ap-
proach helps to improve bone strength and



Study Design Issues Related to Treatment
Many studies have focused on the
effectiveness and safety of treatments for
bone disease, and consequently many issues
must be considered in examining and
comparing the results of these studies. First,
therapeutic effectiveness is best examined
with interventions that have been assessed
in randomized (i.e., treatment is randomly
given to patients), double-blinded (i.e.,
patients and physicians are not told what
treatment the patients are on), placebo-
controlled (i.e., some participants take an
inactive pill to control for expectations) trials.
Second, a study duration of at least 3 years
is preferable in order to see meaningful
results. In recent years, the FDA has
required organizations that apply for FDA
approval for drugs to treat osteoporosis to
conduct randomized, double-blind, placebo-
controlled trials of at least 3 years’ duration
to test the drug’s effectiveness with respect
to fracture reduction. Studies of fracture
reduction can focus on clinical fractures
(fractures that are painful), spine fractures
assessed by standard x-rays (two-thirds of
these fractures are not painful), non-spine
fractures, and hip fractures. Although the
most important study outcome is fracture
risk reduction, changes in BMD or markers
of bone turnover (see Chapter 8) can be used
as supportive evidence of the effectiveness
of treatment. Another study outcome relates
to how quickly the medication will work in
improving BMD or reducing risk of fractures.

minimize fracture risk as quickly as possible.
BMD measurements, which are ordinarily done
every 2 yearss during the treatment of primary
osteoporosis, may be done more frequently for
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In addition, it is important to consider the
duration of therapies (to help in determining
the recommended length of treatment) and to
know what happens when therapies are
discontinued.

Despite the multitude of good studies, it is
not possible to compare the effectiveness of
different therapies by comparing the results
from separate investigations. This is because
the inclusion and exclusion factors for patient
enrollment in the various studies are different;
the duration, intensity of daily physical activity,
outcome measures, and statistical analyses
vary; and the amount or type of calcium/
vitamin D supplements varies. Therapies can
only be compared if they have been given to
patients in the same trial. For this reason, the
differences in effects on fracture reduction and
BMD that are reported for medications from
different studies may not represent true
differences in the efficacy of the drug being
used, but rather differences in the populations
being tested. Because comparative studies
require unrealistically high numbers of
patients, it is unlikely they will be funded.

A meta-analysis is a summary of multiple
studies evaluating the same type of treatment.
Because it incorporates many studies, such
analysis often provides the best available
evidence on the effectiveness of a given
treatment. Several meta-analyses have been
conducted that help to better understand the
value of treatments, including for calcium and
vitamin D. The results of these studies are
reported in Chapter 6.

some individuals with secondary osteoporosis,
including those with glucocorticoid-induced os-
teoporosis, which can cause relatively rapid
changes in BMD.
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The Third Level of the Pyramid: Treatment

Treatment represents the third level of the
pyramid (Figure 9-1c). This section reviews
treatment options for bone disease, with an em-
phasis on osteoporosis, the disease for which the
most treatment options exist.

Drug Therapy for Osteoporosis

There are two primary types of drug therapy
for osteoporosis. The first is use of antiresorptive
agents, which are drugs that reduce bone loss,
while the second involves use of anabolic agents,
which are drugs that build bone. Antiresorptive
therapies include use of bisphosphonates, estro-
gen, selective estrogen receptor modulators
(SERMEs), and calcitonin. Antiresorptive thera-
pies reduce bone loss, stabilize the
microarchitecture of the bone, and decrease bone
turnover—all leading to fracture reduction. They
increase BMD because the resorption spaces in
bone get refilled with new bone and the amount
of mineral in the bone increases. Antiresorptive
therapies act by decreasing the activity of the
osteoclasts, the cells responsible for bone resorp-
tion (breakdown). Antiresorptive therapy
should be considered for all patients with the
diagnosis of osteoporosis as well as for some other
bone disorders. This therapy is effective in re-
ducing the risk of future fractures, although, as
discussed below, different forms of antiresorptive
therapy vary in their safety and efficacy. At
present, the Food and Drug Administration has
approved two bisphosphonates, alendronate and
risedronate, for prevention or treatment of os-
teoporosis for either daily or weekly oral admin-
istration. Another bisphosphonate, ibandronate,
is being considered and additional agents (see
below) are under investigation, including intra-
venous forms. Only one SERM, raloxifene, is
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FDA-approved. Many estrogen preparations are
approved for prevention of bone loss. Nasal and
injectable calcitonin are also approved for treat-
ment of osteoporosis.

Anabolic therapy is now available for those
individuals who continue to fracture or lose bone
on an adequate program of general prevention
and antiresorptive therapy. The only FDA-ap-
proved anabolic agent is a synthetic form of par-
athyroid hormone known as teriparatide.
Teriparatide, which is given as a daily subcuta-
neous injection, costs substantially more than
does antiresorptive therapy.

In some situations individuals with os-
teoporosis have been treated with a combination
of two antiresorptive agents or with an
antiresorptive and an anabolic agent. Sometimes
the two agents are given simultaneously while
other times they are given sequentially. The ef-
fectiveness of these types of combination thera-
pies is currently being studied.

The remainder of this section reviews the
evidence to date on the effectiveness of the
different types of antiresorptive and anabolic
agents that are available and of therapies that
combine two antiresorptive agents or an
antiresorptive agent with an anabolic agent.

Antiresorptive Therapy

Bisphosphonates. Bisphosphonates are
phosphate-based, non-hormone compounds that
have been shown to increase BMD and decrease
fractures (Fleisch 2001). At present, there are two
bisphosphonates that are FDA-approved and
readily available for osteoporosis prevention and
treatment: alendronate (Fosamax®) and
risedronate (Actonel®). These medications bind
to the bone surface and then are taken up by
osteoclasts (cells that break down bone) as these
cells attempt to resorb that bone. They block
the pathway that leads to production of certain



essential lipid compounds inside the osteoclast, thus
leading to earlier cell death and therefore a
diminished ability for osteoclasts to cause bone loss.
The effectiveness of this approach has been
well documented. For example, alendronate has
been shown to increase BMD by 6-8 percent at
the spine and by 3-6 percent at the hip over a
three-year period in postmenopausal women
with osteoporosis (Black et al. 1996, Liberman
et al. 1995). These seemingly modest increases
in BMD are associated with significant reduc-
tions in fracture risk—roughly 50 percent, in fact,
for spine, hip, and wrist fractures (Black et al.
1996, Cranney et al. 2002a). These agents show
benefits quickly, as evidence of a reduced risk of
fracture can be seen as early as a year for spinal
fractures and in 18 months for hip fractures
(Black et al. 2000). In addition, approximately
95 percent of postmenopausal women who take
alendronate maintained or increase their bone
mass (Black et al. 2000, Liberman et al. 1995).
Alendronate has been shown to prevent
bone loss in a diverse array of patients, includ
ing younger postmenopausal women without
osteoporosis and elderly, frail residents of long-
term care facilities (Fleisch 2001). The drug has
been studied in clinical trials and appears to be
safe and effective for up to 10 years (Bone et al.
2004). Furthermore, the benefits of alendronate
appear to continue after the therapy is stopped;
for example, when older postmenopausal women
discontinue therapy after several years of
treatment, BMD appears to be maintained for 2
yearss (Tonino et al. 2000). Alendronate also
appears to work for men, and it is therefore
approved for the treatment of male osteoporosis.
In one study, BMD of the spine increased
approximately 5 percent at the end of 2 years in
men with osteoporosis (Orwoll et al. 2000). In
another 3-year study of men with primary
osteoporosis, alendronate was compared to
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alfacalcidol, an active vitamin D analog, and
found to reduce vertebral fractures by 57 percent
and increase spine BMD by 11.5 percent, as
compared to the alfacalcidol-treated group
(Ringe et al. 2004). Alendronate and calcitriol
were found to slow the rapid bone loss that occurs
after heart transplantation, but calcitriol was
found to cause an excessive increase in urine
calcium excretion in many patients (Shane et al.
2004). Finally, alendronate is approved for the
prevention of steroid-induced osteoporosis (Saag
et al. 1998) and for the treatment of Paget’s
disease (Lyles et al. 2001) and has also been
shown to be helpful for patients with
osteoporosis imperfecta and bone loss due to
hyperparathyroidism (Chow et al. 2003) (see
below and Chapter 3).

Alendronate is currently approved for all
women for prevention of postmenopausal os-
teoporosis at a dose of 5 mg daily or 35 mg if
taken once a week. It is approved for the treat-
ment of postmenopausal osteoporosis at a dose
as compared to the alfacalcidol-treated group
(Ringe et al. 2004). Alendronate and calcitriol
were found to slow the rapid bone loss that oc-
curs after heart transplantation, but calcitriol
wasof 10 mg daily or 70 mg if taken once a week.
Alendronate is well-tolerated (Liberman et al.
1995, Black et al. 1996, Cranney et al. 2002a);
the most common side effects include pain in
osteoporosis, alendronate was compared to
alfacalcidol, an active vitamin D analog, and
found to reduce vertebral fractures by 57 per-
cent and increase spine BMD by 11.5 percent,
the stomach or esophagus and swallowing diffi-
culties. Esophageal ulcers have occurred in some
patients on these types of daily bisphosphonates.
Alendronate should not be used in patients with
abnormalities of the esophagus that delay esoph-
ageal emptying, such as stricture (narrowing) or
achalasia (muscle spasm).
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Like alendronate, risedronate has also been
shown to increase BMD and reduce fracture risk
significantly. Studies have found that risedronate
increases spine BMD by approximately 5 per-
cent and hip BMD by 2-3 percent over 3 years
in postmenopausal women with osteoporosis
(Harris et al. 1999). Treatment with risedronate
is associated with a 41 percent reduction in spine
fractures (Harris et al. 1999), a 39 percent re-
duction in non-spine fractures (Harris et al.
1999), and a 30 percent reduction in hip frac-
tures (McClung et al. 2001). Like alendronate,
the benefits of risedronate can be seen relatively
quickly. For example, reductions in spine frac-
tures can occur after 1 year of therapy (Harris et
al. 1999). Studies have examined the safety and
effectiveness of risedronate for up to 5 years and
have shown persistent reduction in fractures
without adverse effects (Sorensen et al. 2003).
Risedronate also has been shown to prevent bone
loss at the hip and spine in postmenopausal
women with low bone mass who do not have
osteoporosis but have low bone mass (as indi-
cated by BMD). Risedronate is approved for
both the prevention and treatment of steroid-
induced osteoporosis in men and pre- and post-
menopausal women (Reid et al. 2000), and for
the treatment of Paget’s disease (Lyles et al. 2001)
(see below and Chapter 3). Risedronate is ap-
proved at a dose of 5 mg per day or 35 mg once
per week. The most common side effects include
pain in the stomach or esophagus and difficul-
ties in swallowing.

Ibandronate is another bisphosphonate that
is currently FDA-approved for the treatment
and prevention of osteoporosis in postmeno-
pausal women at a dose of 2.5 mg daily; how-
ever, it is not readily commercially available.
Over a 3-year period, ibandronate has been
shown to decrease the incidence of new spine
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fractures by 52 percent and to increase BMD at
the spine by 5 percent (Delmas et al. 2002), with
no abnormalities found on bone histology
(Recker et al. 2004). Ibandronate has also been
shown to prevent bone loss in early postmeno-
pausal women who are not yet osteoporotic
(McClung et al. 2004).

Etidronate is a bisphosphonate that is not
FDA-approved for the prevention and treat-
ment of osteoporosis in the United States, al-
though it is approved in Canada and other
countries. It is approved in the United States
for the treatment of Paget’s disease (see below).
Several small studies in postmenopausal women
with osteoporosis have shown that etidronate
increases BMD by 4-5 percent at the spine over
2-3 years and decreases spine fractures by ap-
proximately 50 percent (Watts et al. 1990,
Hanley et al. 2000). It also has been shown to
prevent bone loss in patients who start or are
on chronic steroid therapy. In contrast to the
other bisphosphonates that are taken daily,
etidronate is taken on an intermittent schedule
of 400 mg per day for 2 weeks every 3 months
which is repeated for 2 years or more. A gener-
ally well-tolerated drug (Hanley et al. 2000),
etidronate acts differently than do other
bisphosphonates. When it is removed from the
bone surface by osteoclasts, it forms toxic prod-
ucts inside the cell, thus resulting in early death
of osteoclasts. However, it is not as potent as
the newer bisphosphonates and can also impair
the laying down of mineral during new bone
formation if given in high doses.

All bisphosphonates are poorly absorbed
and therefore should be taken alone first thing
in the morning on an empty stomach with a full
glass of water. Food should not be eaten for at
least 30 minutes after taking the drug. Patients
should not lie down during this period, to



prevent irritation of the esophagus. Physicians
should proceed cautiously when prescribing
amino-bisphosphonates (alendronate or
risedronate) to patients with a known history of
narrowing or ulcers of the esophagus or long-
term problems with stomach ulcers and
heartburn that require medication.
Bisphosphonates are incorporated into bone
and, therefore, may continue to provide benefits
for a long period of time after treatment is
discontinued (unlike hormone therapy, as
discussed earlier). Bisphosphonates should not
be given to pregnant women or patients with
poor kidney function, since good kidney
function is required to clear this drug from the
blood. Little information is available on the use
of bisphosphonates in children. Bisphosphonates
that need only be administered once a year on
an intravenous basis are currently under
investigation (see Future Agents). This approach
would circumvent the problems of poor
absorption and gastrointestinal irritation and
might also improve compliance.

Hormone Therapy. As noted in earlier
chapters, estrogen is a hormone that is important
throughout life to bone development and
maintenance in both men and women. Unlike
the bisphosphonate drugs discussed earlier in this
chapter, estrogen acts on many reproductive and
non-reproductive tissues in the body. Therefore,
the use of exogenous forms of estrogen as a drug
for the prevention or treatment of osteoporosis
necessarily involves consideration of how the
form and dose of estrogen might affect other
tissues. Of particular importance is whether there
are any risks that might limit its use.

e Background on Hormone Therapy. Fuller
Albright, a clinical researcher in the 1930s,
observed that most of his patients with
osteoporosis were postmenopausal women.
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Given this, Albright proposed that estrogen
triggers a buildup of calcium reserves in bone
during adolescence to provide for later
reproductive needs (pregnancy and lactation),
and that bone is lost after menopause when
estrogen levels decrease (Riggs et al. 2002).
Many subsequent observations have confirmed
the theory that “replacing” estrogen in
postmenopausal women prevents bone loss, and
thus this approach naturally seemed to be an
effective way to stave off the effects of
menopause on bone.

The FDA approved estrogen in 1942 in the
form of conjugated equine estrogens (CEE),
derived from the urine of pregnant horses, for
the relief of menopausal symptoms. The use of
hormone therapy by postmenopausal women
increased dramatically during the 1960s, and, in
1972, the FDA approval was extended to
postmenopausal osteoporosis. This latter
approval was based on evidence from trials that
evaluated the impact of estrogen therapy on bone
mass, not on fracture reduction. However, by
the early 1970s it also became clear that estrogen
alone (without progestin) was associated with an
increased risk of endometrial (uterine) cancer.
Since this time only women who have had their
uterus removed by hysterectomy are prescribed
estrogen alone; others receive estrogen combined
with some form of progesterone, another
hormone, to protect the uterus.

e The Evidence on Estrogen and Combination
Hormone Therapy. Randomized, placebo-
controlled studies have been conducted on the
impact of hormone therapy on BMD, including
the Postmenopausal Estrogen/Progestin
Interventions (PEPI) trial (Writing Group 1996)
and the Women’s Health, Osteoporosis,
Progestin, Estrogen (HOPE) study (Lindsay et
al. 2002). These trials and a recent meta-analysis
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(Wells et al. 2002) show that postmenopausal
hormone therapy has a consistent and favorable
effect on BMD at all sites, including increases at
the spine (3.5-7 percent), hip (2—4 percent), and
forearm (3—4.5 percent). These studies also
suggest that increases in BMD become apparent
within the first year of hormone therapy. Both
the PEPI trial and the meta-analysis, which
included different forms of estrogen (CEE as well
as estradiol, the natural form of estrogen in
humans) and combination therapy, found no
significant differences in the effects of different
formulations of estrogen on bone density.

Research evaluating the impact of hormone
therapy on fracture rates, however, is more
limited. Studies comparing women who had
taken postmenopausal hormones over a long
period of time with women who had never taken
hormones indicate that there are fewer fractures
in the hormone users (Kiel et al. 1987, Cauley et
al. 1995). These types of “observational” studies,
which observe what people decide to do or take
on their own, are subject to biases. For example,
women who take hormones are also more likely
to take other measures to enhance their health.
In fact, up until the mid-1990s, there had been
very few randomized clinical trials of estrogen
focusing on fracture as an outcome, and these
trials tended to be quite small.

Nevertheless, Torgerson and Bell-Syer
attempted to fill this evidence gap by
systematically reviewing those randomized trials
of estrogen therapy that did include fractures as
an outcome to be evaluated. Their meta-analyses
suggest that estrogen reduces the risk of non-
spine fractures by 27 percent (Torgerson and
Bell-Syer 2001a) and spine fractures by 33
percent (Torgerson and Bell-Syer 2001b).

The WHI Hormone Trials, which were
designed and initiated in the early 1990s to
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address the primary question of whether
postmenopausal H'T decreased the risk of heart
disease, have provided answers on a range of
chronic disease outcomes in older women,
including fractures. Two separate trials were
conducted. One enrolled women with an intact
uterus and evaluated the effects of an estrogen-
progestin combination or E+P (0.625 mg
conjugated equine estrogen, CEE, and 2.5 mg
medroxyprogesterone, MPA, daily) (Rossouw
etal., 2002), while the second evaluated the effect
of estrogen (0.625mg CEE) alone in women who
have had hysterectomies (Anderson et al. 2004).
The WHI trial of combined continuous hormone
therapy confirmed for the first time the effects
of these hormones on osteoporotic fracture
reduction at several sites, including the hip
(Cauley et al., 2003). Hip and spine fractures
were reduced by at least one-third in both of the
trials and total fractures fell by 24-30 percent.
Thus, these two large trials, which included
16,608 women in the E+P study and 10,739
women in the estrogen-only study, confirmed
the anti-fracture efficacy of postmenopausal HT,
and they are consistent with observational studies
of hormone users and the results of trials
evaluating the effect of HT on BMD.

The clear benefits of postmenopausal HT to
the skeleton must be tempered by the other
results from the WHI trials, which were
discontinued early because of the deleterious
effects encountered. Both trials found an
increased risk of stroke, cognitive impairment,
and deep vein thrombosis in the women taking
H'T (Rossouw et al. 2002, Anderson et al. 2004,
Shumaker et al. 2003; Shumaker et al. 2004). The
trials also found no clear cardiovascular benefit
to HT. Breast cancer risk was increased in
women taking the combined continuous therapy
(E+P) during the 5.2 years of the study, a



finding that is consistent with observational
studies (Collaborative Group 1997, Lagro-
Janssen 2003). This increase in breast cancer was
not observed in the estrogen-only trial after 6.6
years of use. Extended follow-up of all WHI
hormone trial participants is planned, and may
provide further insight into this discrepancy.

o The Future for Hormone Therapy and Bone
Health. Any decision to use hormone therapy
must take into consideration its impact on the
overall risk of negative health outcomes,
including not only its potential to reduce the risk
of fractures, but also its potential to increase the
risk of other health problems. The Food and
Drug Administration (FDA 2003) has advised
that postmenopausal women who use or are
considering using estrogen or estrogen with
progestin discuss the therapy’s benefits and risks
with their physicians. These products are
approved therapies for relief from moderate to
severe hot flashes and symptoms of vulvar and
vaginal atrophy. Although HT is effective for
the prevention of postmenopausal osteoporosis,
it should only be considered for women at
significant risk of osteoporosis who cannot take
non-estrogen medications. The FDA
recommends that estrogens and progestins
should be used at the lowest possible doses for
the shortest amount of time needed to achieve
treatment goals. It is not yet clear whether
following this advice will lead to long term
benefits for bone health. Lower doses of estrogen
or combination hormones can help to preserve
bone density in the short term in postmenopausal
women. For example, the Women’s HOPE
study, a randomized, placebo-controlled study
that investigated the efficacy of various lower
doses of CEE and CEE/MPA found that doses
as low as 0.3 mg per day of CEE or the
combination significantly increased spine and
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hip BMD from baseline within 2 years of
therapy (Lindsay et al. 2002). Prestwood et al.
(2003) showed that low dose estradiol also
preserves bone. Unfortunately, at this point, the
long-term effects of different doses,
formulations (including estrogens or
progesterone), and modes of administration
(e.g., transdermal administration) on bone and
other tissues have simply not been studied.
These results raise the question as to whether
there might be some benefit to using hormone
therapy for a short period of time and then
terminating its use (so as to reduce the likelihood
of negative health outcomes). Two randomized
clinical trials shed some light on this issue, as they
followed women who stopped hormone use at
the end of a clinical trial. These studies indicate
that bone loss begins again when hormones are
withdrawn (Greendale et al. 2002, Greenspan
et al. 2002b). Moreover, the long-term
observational studies (Kiel et al. 1987, Cauley et
al. 1995) suggest that even long-term hormone
therapy users (including those on therapy for
more than 10 years) who terminate therapy do
not enjoy a lower risk of hip fractures many
years later. In fact, a recent study (Yates et al.
2004) found that there was a higher rate of hip
fracture in those who discontinued hormone
therapy than in those who never used it.
Another study, a large prospective trial of 5,200
fractures among 140,000 postmenopausal
women in the United Kingdom, found that
while there was a decrease in fracture risk at all
sites in patients currently on estrogen, there was
no decrease in risk in past users of hormone
therapy, even those who had discontinued use
within the past year (Banks et al. 2004). Thus,
the bottom line is that taking hormone therapy
during early menopause is unlikely to have a
long-term effect on the risk of fractures.
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Despite all the negatives that have been
raised recently about HT, it is important to
remember that natural estrogen (i.e., that which
is produced by the body) is still critical to bone
health, even for postmenopausal women (and
older men). The evidence suggests that
postmenopausal women with extremely low
endogenous estrogen levels face an increased
risk of both spine and hip fractures when
compared with postmenopausal women with
average levels of estrogen (Cummings et al.
1998). Very low doses of hormone therapy for
these individuals may be a promising treatment
(Prestwood et al. 2003).

The goal of this type of an approach is to
capture the positive effects of estrogen on bone
without incurring any of the deleterious effects
on other tissues. In fact, this is the principle that
has driven research into the selective estrogen
receptor modulators or SERMS that are
discussed in the next section; these agents
selectively act on the estrogen receptors in bone,
breast, and other tissues.

“In the final analysis very little is known
about anything, and much that seems true
today turns out to be only partly true
tomorrow.”

—Fuller Albright, reflecting on the state of

affairs of medicine in general and of endocrinology in
particular in 1948 (Albright and Reifenstein 1948).

Selective Estrogen Receptor Modulators.
Selective estrogen receptor modulators (SERMs)
interact with estrogen receptors located
throughout the body (McDonnell 2003).
Estrogen receptors are the “switches” that turn
cell activity on and off (see Chapter 2 for more
details). SERMs bind to the estrogen receptors,
altering the way they interact with other proteins
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and DNA. Different SERM medications may
have different actions on cholesterol, breast and
uterine tissue, clotting, BMD, and hot flashes.
They have been shown to provide some of the
benefits of estrogen (improvement of BMD and
cholesterol) without some of the negative side
effects (such as breast tenderness and menstrual
bleeding or spotting) (Ettinger et al. 1999). In
fact, in large-scale clinical trials of
postmenopausal women with osteoporosis,
raloxifene (Evista®), the only FDA-approved
SERM, has been shown to increase spine BMD
by 2-3 percent and hip BMD by approximately
2.5 percent after 3 years (Ettinger et al. 1999).
Spine fractures were reduced by approximately
50 percent, but there was no effect on hip or
other non-spine fractures (Ettinger et al. 1999,
Cranney et al. 2002b). Spine fracture reduction
is evident at 1 year (Maricic et al. 2002) and is
sustained for up to at least 4 years if patients
remain on therapy (Delmas et al. 2002). When
therapy is discontinued, bone turnover
(breakdown) can return to its previous state,
resulting in bone loss. Other potential benefits
include a decrease in total cholesterol and low
density cholesterol; there is no change in high
density cholesterol. Although studies have not
been specifically designed to examine prevention
of breast cancer with raloxifene, investigators
from the study mentioned above found that there
was a decreased incidence of breast cancer in the
women who took raloxifene for 3 years
(Cummings et al. 1999). There are now studies
ongoing to examine raloxifene’s effect on breast
cancer and cardiovascular disease prevention.
Raloxifene is FDA-approved for the
prevention and treatment of postmenopausal
osteoporosis at a dose of 60 mg daily. There are
some side effects, including the potential for a
return of hot flashes, blood clots in the legs, or
blood clots in the lungs. Therapy with SERMs



must be discontinued for patients who are
immobilized or inactive for long periods of time
(e.g., during hospitalizations).

Another SERM, tamoxifen, is used for the
prevention of breast cancer, but it is not approved
for the prevention and treatment of osteoporosis.
Small clinical trials in premenopausal and
postmenopausal women participating in a breast
cancer prevention study demonstrated that
tamoxifen maintains or improves BMD in
postmenopausal women but causes bone loss in
premenopausal women (Powles et al. 1996).
Information on fracture reduction from clinical
trials is not available.

Newer SERMs under development may be
more beneficial to the bones, heart, and breast
tissue. They may also decrease hot flashes and
improve cholesterol. There are no data to suggest
that SERMs would be beneficial in the treatment
of male osteoporosis, Paget’s disease, or
childhood osteoporosis.

Calcitonin. Calcitonin is a hormone secreted
by the parafollicular (non-thyroid) cells found
within the thyroid gland (Silverman 2003). Its
effect on bone is to inhibit bone resorption by
acting directly on the osteoclasts. Its ability to
inhibit osteoclast activity has been known for
more than four decades. At one time in the 1970s,
calcitonin was the only drug available to treat
hypercalcemia of malignancy and Paget’s disease
of the bone. Calcitonin was also one of the first
drugs available for the treatment of osteoporosis.

In the 1970s and 1980s, calcitonin was
administered as a subcutaneous (under the skin)
injection. More recently, nasal calcitonin
replaced the injection form of this hormone.
Although originally very popular as an
alternative for postmenopausal women who
could not tolerate bisphosphonates, estrogen, or
raloxifene, its use has declined with the advent
of newer treatments for postmenopausal
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osteoporosis. Oral and inhaled forms of calcitonin
are currently under development.

There are only a few randomized controlled
trials for nasal calcitonin. The Prevent
Recurrence of Osteoporotic Fractures (PROOF)
trial, the largest RPCT of nasal calcitonin,
reported that spine fractures declined by 33
percent for those individuals taking a 200 U
dose per day, but there was no significant decline
for those receiving 100 or 400 IU per day.
Furthermore, there were no significant
differences in non-spine fracture rates after §
years (Chesnut et al. 2000).

The PROOF trial has come under scrutiny
for a number of reasons, including the
somewhat surprising finding that those
individuals taking a higher dose did not see a
reduction in fractures. In addition, a large
number of the subjects did not complete the
study. Hence flaws in the study methods used
do not allow a firm conclusion about
calcitonin’s impact on spine and non-spine
spine fractures (Chesnut et al. 2000). Calcitonin
may have a somewhat unique benefit in
providing pain relief, particularly for women
who have just sustained a spine fracture (Mehta
et al. 2003). Studies looking at this potential
benefit also do not provide a clear-cut answer.
Nasal calcitonin has very few side effects,
namely, nasal stuffiness, nausea, and dry
mouth. It is currently approved at 200 IU per
daily spray for the treatment (not prevention)
of osteoporosis in women who underwent
menopause five or more years ago.

Combination Antiresorptive Therapy.
Although bisphosphonates, hormone therapy,
and SERMs are all antiresorptive drugs, they
work through different mechanisms of action,
implying that they could have an additive effect
if used in combination (i.e., using both would
be more beneficial than would either used alone).

Prevention and Treatment 233



A Report of the Surgeon General

Therefore, antiresorptive drugs have been studied
in combination. One study compared 2-year use
of two antiresorptive therapies together to similar
use of estrogen and alendronate alone in
postmenopausal women with a hysterectomy
(Bone et al. 2000). BMD increased approximately
8 percent at the spine in those on combination
therapy, compared to 6 percent in women taking
alendronate or estrogen. Similar trends were
noted in BMD at the hip, where combination
therapy resulted in a 1-2 percent greater increase
in BMD than either therapy alone. Importantly,
participants in the combination therapy group did
not have additional unexpected side effects. A
recent 3-year study in women age 65 and older
found that using hormone therapy and
alendronate together resulted in greater increases
in bone mass at the spine and hip than did therapy
with either agent alone (Greenspan et al. 2003).

Hormone therapy has also been used in
combination with risedronate in a short-term
study. At the end of a year, the hip BMD (but
not the spine BMD) of participants on
combination therapy was greater than that of
participants receiving hormone therapy or
risedronate alone (Harris et al. 2001). In another
l-year study, hip BMD was greater in
participants taking a combination therapy of
alendronate and raloxifene than in those taking
either agent alone (Johnell et al. 2002). The study
also found that BMD of the spine and hip in
participants taking alendronate alone was
significantly higher than in participants taking
raloxifene alone; however, the study was not
large enough to determine whether there was
any difference in fracture reduction.

Studies have also examined another
important issue—whether combination therapy
is better than single-agent therapy at maintaining
BMD after discontinuation of the treatment.
Investigators who examined BMD in women on
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combination therapy (alendronate and estrogen
replacement) and single therapy (alendronate or
hormone therapy) followed them for an
additional year after therapy was discontinued.
Those who had taken combination therapy or
alendronate alone during the first 2 years
maintained BMD of the spine and hip following
discontinuation of therapy. However, women
who gained bone during 2 years on hormone
replacement lost their BMD gains at the spine
and hip during the year after therapy was
discontinued (Greenspan et al. 2002).

Combination therapies (multiple drugs) are
more expensive and, in principle, could cause
more side effects than therapy with single drugs.
Moreover, because these trials did not examine
fracture reduction, it is unclear if combination
therapy is a cost-effective strategy for reducing
risk of fracture. Therefore, in clinical practice
today, combination therapy is generally reserved
for patients who have experienced a fracture
while on therapy with a single drug, those who
start out with a very low BMD and a history of
multiple fractures, and those with very low BMD
who lose more bone mass on therapy with a single
drug. The combination of anabolic and
antiresorptive agents is discussed below.

Anabolic Therapy. Over the last half century,
antiresorptive therapy has been the primary
treatment for osteoporosis. Recent research has
discovered the potential of intermittent
parathyroid hormone (PTH) as a therapeutic
option for patients with severe osteoporosis.
Unlike other available agents, bone-building
therapy with PTH features stimulation of new
bone formation (Rosen and Rackoff 2001).
Eighteen months of PTH therapy causes
thickening of the outer shell of bones, large
increases in connections between bony islands
within the skeleton, and an overall net increase
in bone strength.



Every normal person has PTH. It s typically
secreted at a low level, but secretion increases in
response to reduced levels of serum calcium, a
process that appears to contribute to bone
breakdown. In fact, primary hyper-
parathyroidism, that is, uncontrolled overactivity
of the parathyroid glands, has been known to
contribute to bone loss, particularly of the cortical
(outer shell) of bone (see Chapter 3). Intermittent
injections of PTH as a therapy actually hold
promise as a means of building up bone. Animal
studies have demonstrated that PTH given
intermittently as a daily subcutaneous injection
leads to significant increases in BMD, restoration
of the inner structure of bone, and increases in
bone size (Lotinun et al. 2002). This paradox—
the fact that PTH secreted continuously can
break down bone while intermittent injections
of the same hormone may actually build bone—
has never been fully explained. It may be related
to the intermittent nature of the exposure to the
hormone that occurs during treatment, as
opposed to the exposure to continuous, excessive
levels of PTH that occur in individuals with
hyperparathyroidism.

Human recombinant PTH (1-34), known as
teriparatide, was developed in the 1980s, with
the hope that it could promote bone building in
humans. Clinical trials designed to test the impact
on fracture rates in humans, which were
originally designed to last 3 years, were stopped
early because of animal data showing
osteosarcoma (bone tumor) formation. Despite
early discontinuation the studies demonstrated
significant increases in BMD and reduction in
fractures. For example, in a study with over 1,600
postmenopausal, osteoporotic women, spine
BMD increased by 9.7 percent and hip BMD
increased by 2.6 percent (Neer et al. 2001) after
approximately 21 months on teriparitide. Spine
fractures decreased by 65 percent and non-spine
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fractures by 53 percent (Neer et al. 2001).
Teriparatide also increases BMD in men; in an
approximately 10-month study, spine BMD
increased by 5.9 percent and hip BMD by 1.2
percent (Orwoll 1998). The effects on fracture
risk have not been studied in men.

Because of these significant potential benefits,
the FDA approved teriparatide for the treatment
of osteoporosis in postmenopausal women and
in men who are at high risk for fracture. The
approved dose (20Fg daily by subcutaneous
injection) and duration of treatment have not
been found to be associated with an increased
risk of osteosarcoma in humans.

While the PTH administered daily to post-
menopausal women and men with osteoporosis
may benefit some patients (particularly those
with very severe disease), there are some limita-
tions to use of the drug. First, it should not be
prescribed to pediatric patients or adult patients
with hypercalcemia (high levels of calcium in the
blood), Paget’s disease (see below), kidney dis-
ease, kidney stones, bone metastases (cancers
that have traveled from another part of the body
to bone), or bone cancer. Second, a small subset
of patients may develop high blood calcium as
well as leg cramps and dizziness. Third, it may
increase serum uric acid, which could potentially
lead to gout, although there is no evidence of an
increase in clinical gout. Fourth, there may be
issues related to compliance since a daily injec-
tion is required. Finally, it is much more expen-
sive than antiresorptive therapy.

Additional forms of PTH therapy may be
on the horizon. For example, PI'H(1-84) has
shown early promise as a treatment for os-
teoporosis in preliminary bone density studies
(Hodsman et al. 2003).

Combination Antiresorptive/Anabolic
Therapy. The idea of combining an anabolic agent
with an anti-resorptive therapy has been around
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for more than a decade. With the advent of PTH,
combination studies have been proposed to
evaluate the impact of PTH therapy with
antiresorptive therapies such as estrogen and
alendronate. PTH plus estrogen has been shown
to have a greater effect on spine and hip BMD
than estrogen alone, but there are no trials
comparing that combination to PTH alone, nor
are there any studies that evaluate differences in
the impact on fracture rates (Cosman et al. 2001).
Two studies examining the effects of simultaneous
PTH and alendronate treatment suggest that
there may actually be smaller BMD increases with
combination therapy than with PTH alone (Black
etal. 2003, Finkelstein et al. 2003). Another recent
study evaluated the impact of sequential treatment
with PTH for a year followed by alendronate for
a year in 66 women with postmenopausal
osteoporosis year. This sequential treatment
method resulted in substantial increases in spinal
BMD (Rittmaster et al. 2000). The response to
PTH treatment may be affected by prior
treatment with different antiresorptive agents.
Like those patients on estrogen therapy (Lindsay
et al 1997), patients previously treated with
raloxifene showed a rapid and complete response
to PTH, while those previously treated with
alendronate had a reduced response in terms of
biochemical markers of bone formation and BMD
(although they did show increases eventually)
(Ettinger et al. 2004). No data on the relative
impact of PTH treatment on fractures are
available for these different groups.

Future Agents. There are several new
antiresorptive and anabolic drugs on the horizon
for the treatment of osteoporosis. Among
antiresorptive agents, progress has been made
both in developing new treatments and in
improving the means of administering
bisphosphonates. For example, intravenous
pamidronate has been available for the treatment
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of Paget’s disease and hypercalcemia of
malignancy (high blood calcium due to cancer)
for nearly a decade. Smaller studies have also
demonstrated that it is effective in increasing
bone mass when administered every 3 months
to postmenopausal women with osteoporosis
(Coleman et al. 2000). A newer drug, zoledronic
acid, was recently approved for the treatment of
metastatic breast cancer, myeloma (see below)
and hypercalcemia (Coleman et al. 2000). It is
administered intravenously is extremely effective
in treating these conditions. A recent trial of this
agent, given as a single intravenous dose once
per year, was shown to increase spine BMD in
women with osteoporosis (Reid et al. 2002). A
large phase III trial is in progress to assess its
effectiveness at reducing fractures.

Along with finding new uses for existing
antiresorptive agents, researchers have also un-
covered several potential new types of treatments
during the drug discovery process. A newer class
of antiresorptive drugs (known as integrin in-
hibitors) prevent osteoclasts from anchoring to
bone surfaces and thereby absorbing the under-
lying bone (Hutchinson et al 2003). Early stud-
ies with this therapy are encouraging with re-
spect to both safety and effectiveness. Agents
that mimic the action of osteoprotegerin can also
inhibit bone resorption and could become use-
tul drugs (Onyia et al. 2004). Statins, the choles-
terol-lowering drugs, have been found to stimu-
late bone formation and may also decrease bone
resorption in animals. Some observational stud-
ies in humans suggest that statin users have fewer
fractures, while other studies do not. Controlled
cardiovascular trials did not confirm a reduction
in fractures (Bauer et al. 2004). Finally, stron-
tium ranelate is an element that has some
antiresorptive as well as anabolic qualities, but
the method of action is unclear. In initial
studies, strontium has been shown to improve



Osteoporosis Drug Therapy

e Antiresorptive agents (reduce bone

loss)

~ Bisphosphonates (alendronate,
risedronate)

~ Hormone or estrogen replacement

~ Selective estrogen receptor
modulators (SERMs) (raloxifene)

~ Calcitonin

e Anabolic agents (build bone)
~ Parathyroid hormone (teriparatide)

spine bone density and reduce spine fractures
(Meunier et al. 2002, 2004).

Other new anabolic agents are also being
developed and tested. PTH-related peptide
(PTHrP), a naturally occurring relative of PTH
that is normally made in the breast, uterus, and
pancreas, is undergoing clinical trials for the
treatment of osteoporosis. PTHrP is best known
as a secretion of certain cancers that produces
severe hypercalcemia (high calcium levels in the
blood) and bone resorption. However, when
administered as a single dose intermittently, it
has been shown to markedly increase BMD with-
out causing hypercalcemia (Horwitz et al. 2003).

Treatment of Osteoporotic Fractures

For all osteoporotic fractures, the consistent
goal is for patients to regain their pre-fracture
level of function. All patients with low-trauma
fractures should be evaluated for other bone
diseases (see below) and secondary causes of bone
loss (see Chapter 3). They should also be
evaluated with respect to the need for additional
preventive measures (calcium, vitamin D,
exercise, fall prevention) and for drug therapy,
as described earlier in this chapter. What follows
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is a review of the various available treatments
for specific types of osteoporotic-related
fractures, including fractures of the hip, spine,
and wrist.

Hip Fractures. Surgery is the most common
treatment for individuals who suffer a hip
fracture. Virtually all intertrochanteric fractures
(those in the major part of the hip) and most
femoral neck fractures (those in the neck section
of the hip) are surgically stabilized with the use
of internal metal devices. A large percentage of
displaced (unconnected) femoral neck fractures
are treated with partial or total replacement of
the hip because of the significant risk of healing
complications (Zuckerman 1996).

Proper management of hip fracture patients
begins before surgery, at the time of admission.
Evaluation and management of pre-existing
medical conditions is necessary before proceed-
ing to surgery. When possible, management of
pre-existing conditions and surgical repair within
24-48 hours of admission has been shown to
decrease the incidence of post-surgery compli-
cations and the possibility of death within a year
of surgery by more than 40 percent (Zuckerman
etal. 1995). The procedure should be performed
by a surgeon who has expertise in hip fracture
stabilization, which will allow the initiation of
mobilization immediately after surgery. The vast
majority of hip fracture patients should be en-
couraged to become mobile by the first or sec-
ond post-operative day. Mobility can help to
avoid the medical problems associated with pro-
longed bed rest, such as muscle atrophy, blood
clots in the legs or lungs, pressure sores, skin break-
down, and overall deconditioning.

The use of antibiotics for the first 24-48
hours after surgery is also advisable, as this prac-
tice has been shown to be effective in decreasing
post-surgery infections. Use of techniques to thin
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the blood after surgery has also been shown to
be effective in decreasing the incidence of blood
clots, particularly in patients who are slow to
mobilize (Todd et al. 1995). Adequate pre- and
post-surgery pain control is also important, not
only for patient comfort, but also to promote
active participation in rehabilitation.

Since hip fractures generally occur in eld-
erly patients with other, associated medical and
psychosocial problems, the health care team
should include professionals from many disci-
plines, including the orthopaedic surgeon, medi-
cal specialists (geriatricians, physiatrists [rehabili-
tation specialists], primary care physicians, and
medical sub-specialists as necessary), nurses,
physical and occupational therapists, nutrition-
ists, and social workers. The in-hospital care of
hip fracture patients should be guided, when-
ever possible, by the use of evidence-based clini-
cal care pathways (clinical care based on medi-
cal studies) that make use of standardized evalu-
ation and management approaches. This ap-
proach should also extend to the entire con-
tinuum of care, from the acute care hospital into
the post-discharge setting, whether that setting
is an acute or sub-acute rehabilitation facility, a
skilled nursing facility, or a return home. Effec-
tive communication across health settings by
health care providers is also important to effec-
tive care management (Morris and Zuckerman
2002). Discharge from acute care hospitals and
independent rehabilitation facilities should be
based on patient progress.

Spine Fractures. Spine fractures usually
occur in the middle or lower section of the back
as a result of minor strain, such as lifting a grocery
bag. Some patients develop fractures without any
identifiable trauma. Spine fractures due to
osteoporosis result in the progressive collapse of
bones in these areas, which typically cause
increasing levels of spinal deformity and pain.
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However, about two-thirds of spine fractures go
undiagnosed because there is little or no pain, or
the pain is attributed to one of the many other
causes of back pain (Johnell et al. 2002).
Similarly, other signs of a spine fracture,
including deformities and height loss, are often
accepted as a normal part of aging and thus not
investigated further.

It is not unusual for patients to have pro-
longed pain and disability following spine frac-
tures. Treatment of spine fractures typically fo-
cuses on pain control and progressive increases
in levels of mobilization. Back braces are of lim-
ited benefit. More recently, procedures have been
developed to treat patients who have prolonged
pain. Vertebroplasty is a technique in which
acrylic cement (or orthopedic cement mixture)
is injected into the spine bone for the purpose of
stabilizing the fracture (Evans et al. 2003).
Kyphoplasty involves using a balloon to re-ex-
pand the collapsed bone and then filling the cav-
ity with bone cement. This procedure has the
potential to stabilize the fracture, prevent fur-
ther collapse, and restore some degree of height
to the bone (Lieberman et al. 2001). Both
vertebroplasty and kyphoplasty have been
shown to provide effective pain relief and stabi-
lization of the fracture (Evans et al. 2003,
Lieberman et al. 2001). Although complications
from these procedures have been infrequent,
they can be significant if the bone cement leaks
out into the blood stream or into the spinal ca-
nal, causing nerve damage. Unfortunately, the
potential benefit of these two procedures has not
yet been accurately assessed in RPCTs, where
they might be compared to each other and to
nonsurgical management.

Wrist Fractures. Wrist fractures commonly
occur as a result of osteoporosis. They include
fractures of the radius and/or ulna (the two long
bones in the forearm), as well as of the small



bones of the wrist. The term Colles’ fractures
refers to fractures of the end of the radius, which
has a large amount of trabecular bone. Wrist
fractures are usually treated by either surgical
repositioning and casting or placement of an
external fixation device to prevent further
fracture. Depending on the type of fracture, one
of the following will be used to immobilize the
wrist until an x-ray shows evidence of healing
(usually in 4-8 weeks): a brace or splint, cast,
external fixation, internal fixation, or combined
external and internal fixation. Although most
patients return to an adequate level of
functioning, many do experience some loss of
range of motion of the wrist.

Other Fractures. Osteoporotic fractures
occur in other areas of the body, including the
upper arm, thigh, shin, collar bone, and ribs.
These fractures are treated by a variety of
surgical and non-surgical measures.

Rehabilitation of Osteoporotic Fractures

Hip Fractures. As noted previously, hip
fracture patients typically undergo surgery to
reposition the hip through internal fixation (e.g.,
insertion of a metal pin or plate) or to replace the
hip through joint replacement. Immediately
following either type of surgery, in-hospital
rehabilitation focuses on training the patient to
safely move in bed, to get out of bed, and to begin
walking with partial weight-bearing on the
surgical side using either a walker or crutches. A
physician specializing in rehabilitation medicine
or a physical therapist evaluates the patient,
administers or supervises the treatment sessions,
and makes discharge recommendations. An
occupational therapist also may evaluate the
patient and provide training in performing
activities of daily living (e.g., bathing, dressing)
during recovery from the fracture. The
occupational therapist may also provide the
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patient with assistive devices, such as long-
handled shoe horns and devices that help the
patients put on his or her socks.

Since the inpatient hospital stay typically is
limited to 2-3 days after surgery, most patients
require additional rehabilitation. Transfer to a
rehabilitation facility (a specialty hospital or a
skilled nursing home) is common, with length
of stay in this setting ranging from several days
to several weeks. Following discharge to home,
rehabilitation is continued through in-home
therapy with a physical therapist or visits to an
outpatient facility. This phase of the rehabilita-
tion focuses on general conditioning, strength-
ening of muscle, and walking longer distances
on different terrains and with less assistance. The
degree to which a patient progresses from rely-
ing on the support of assistive devices during
walking to more complete weight-bearing on the
fractured limb will depend on the type of sur-
gery and implanted metal as well as the physical
condition of the patient. The “typical” patient
progresses from a walker to a four-footed cane
to a single-point cane to no assistive device for
walking. However, 85 percent of patients still
use an assistive device for walking 6 months af-
ter the fracture (Marotolli et al. 1992).

Nutrition has been shown to be important
during recovery from hip fracture. Supplemen-
tation with calcium, vitamin D, and protein (20
grams per day) have been reported to improve
hospital and rehabilitation courses and to in-
crease BMD a year after the fracture (Schurch
et al. 1998).

6 months after hospital discharge, an evalu-
ation should be performed to determine the
patient’s functional status and to set goals for
the future. Many patients require further
therapy to reach these goals, whereas others
may have reached their potential.

Prevention and Treatment 239



A Report of the Surgeon General

Spine Fractures. As noted above, only
about one-third of spine fractures come to
clinical attention, but those that do usually are
painful. Therefore, pain control is a high
priority after the initial spine fractures and
after multiple fractures, when chronic pain
often becomes a problem. Bedrest should be
partial (resting in bed interspersed with 30- to
60-minute periods of erect sitting, standing,
and walking) and limited to 4 days or less.
Individuals should be taught to position
themselves (e.g., while sitting, standing, or
lying down) and to move (e.g., when lifting,
dressing, doing housework) while maintaining
good posture, which reduces loads on the
fracture and minimizes pain. To minimize pain
and decrease risk of a new spine fracture,
tamily members should be taught to assist
patients in performing tasks without increasing
the loads on the patient’s spine (Bonner et al. 2003).

Walking should be encouraged even in frail
individuals. A gradual progression starting at
only 2-3 minutes and working up to twenty
or more minutes can be achieved by adding a
minute or two to walking sessions each week.
Short-term use of a back brace is recom-
mended when trunk weakness prevents a pa-
tient from maintaining an upright posture. An
occupational therapist can fit the proper de-
vice. Weaning from the device, as muscle
strength and endurance improve, will maxi-
mize recovery. However, in some patients with
chronic pain and deformity, continued use of
a flexible support device that helps maintain
back strength and posture may be helpful in
reducing pain and improving function (Pfeifer
et al. 2004). If walking is limited due to pain,
use of a rolling walker with four wheels and
hand brakes may help the patient stay active
during recovery, thus preventing loss of
muscle strength and bone mass. This type of
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walker allows the use of the arms to keep the
trunk erect, thereby shifting the weight of the
upper body away from the newly fractured
bone. Individuals with a new spine fracture
should avoid use of a standard walker, since
each time the walker is lifted the loads on the
vertebral bodies are increased.

Exercising in a way that safely challenges
balance is also important for rehabilitation of
spinal fracture patients, although this exercise
must be accompanied by an assessment of the
risk of falling and the addressing of modifiable
risk factors for falling, such as vision problems,
medications that cause dizziness, and hazards
in the home. Active range of motion exercises
should be continued during recovery, but re-
sistance/strengthening exercises should not be
initiated or resumed until the fracture has
healed (in approximately 8 to 12 weeks). Since
the risk of another spine fracture is high in pa-
tients who have had fractures, patients should
be instructed to avoid exercises and activities
that put high loads on the bones of the spine,
such as flexing or rotating the spine (sit ups,
toe touches). Exercises and activities done with
good spine alignment and low to moderate
amounts of weight should be gradually in-
creased, with the goals of regaining muscle
strength and promoting maintenance of bone
mass. Abdominal strengthening (by tightening
the muscles in the abdomen or belly without
moving the back) is safe and important to re-
ducing loads on the low back. Spinal extension
exercise (i.e., stretching backwards) within a
moderate range is safe and can improve
hyperkyphosis (a spine that is bent excessively
forward) and may help prevent new spine frac-
tures (Sinaki et al. 2002).

Werist Fractures. Rehabilitation of the wrist
after the cast, brace, or surgical metal is removed
requires about 3 months, but reaching maximum



levels of recovery can take up to 24 months, and
some problems may persist for years. During
healing of a wrist fracture, all of the following
are important: arm elevation; early mobilization
of the hand, elbow, and shoulder; and control of
swelling. Progressive exercises, taught by either
a physical or occupational therapist, typically
include active and passive range of motion and
resistance and grip strengthening, such as
squeezing a ball (Bonner et al. 2003). A small
number of patients suffer from sympathetic
dystrophy (complex regional pain syndrome)
after a wrist fracture, resulting in swelling,
weakness, and chronic pain in the wrist.

Treatment of Other Diseases of the Bone

There are specific, effective (and often
curative) treatments for a number of bone
diseases other than osteoporosis, including hyper-
parathyroidism, rickets, and osteomalacia. There
is also treatment available for some congenital
bone disorders and for bone disease associated
with kidney failure. Early recognition and
treatment of all of these conditions is the key to
avoiding crippling deformities and fractures.
What follows is a brief review of treatment
options for the most common of these diseases.

Primary Hyperparathyroidism. Primary
hyperparathyroidism is caused by an excessive
release of PTH from one or more of the
parathyroid glands. (See Chapter 3 for more a
more detailed description.) Surgical removal of
the parathyroid adenoma (benign tumor) or of
three-and-a-half glands (if all four glands are
enlarged) often cures the disease. In 2002, an
NIH-sponsored workshop on the management
of non-symptomatic primary hyper-
parathyroidism concluded that patients who are
clearly symptomatic with bone disease or kidney
stones should be advised to have surgery
(Bilezikian et al. 2002, Bilezikian and Silverberg
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2004). There is considerable controversy
concerning the need for intervention in patients
who have no clear signs or symptoms of the
disease. Treatment guidelines for non-
symptomatic patients relate to the degree of
hypercalcemia (greater than 1 mg/dL. serum
calcium above the upper limits of normal),
hypercalciuria (greater than 400 mg per day urine
calcium), and age (under age 50). An
independent panel of experts that convened after
the end of the NIH workshop suggested that
new guidelines for surgery for non-symptomatic
patients with primary hyperparathyroidism
should be based on levels of bone density that
are in line with modern definitions of
osteoporosis. If T-score measurements are below
—-2.5 at any site, surgery is now being
recommended. The evidence suggests,
moreover, that parathyroid surgery is effective;
patients who undergo such surgery have
increased their bone mass by 10 percent or more
over the 3- to 4-year period following surgery,
with the largest gains occurring in the spine
(Silverberg et al. 1999). Parathyroid surgery
patients have also experienced a decreased
incidence of fractures (Vestergaard and
Mosekilde 2004). Optimal parathyroid surgery
requires exceptional expertise in being able to
localize and identify abnormal parathyroid
glands and remove them with minimal injury to
other tissues. Recent advances have led to newer
approaches such as minimally invasive
parathyroidectomy for removal of a single
parathyroid adenoma with a small incision and
minimal trauma to other tissues (Udelsman
2002). This approach requires successful pre-
surgery location of the abnormal parathyroid
gland, usually by technetium-99m-sestamibi
scanning and/or ultrasound imaging (Alexander
et al. 2002). Many patients who are not
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candidates for surgery for parathyroidectomy
appear to do very well when they are managed
conservatively with appropriate measures to
avoid dehydration and further bone loss
(Silverberg et al. 1999).

Currently, there are no FDA-approved medi-
cations for primary hyperparathyroidism. How-
ever, medical therapy may be available in the
future. Specifically, calcimimetic (calcium-mim-
icking) agents, which can inhibit parathyroid
hormone secretion, offer a direct approach to the
medical therapy of primary hyperparathyroid-
ism (Silverberg et al. 1997). Antiresorptive
therapy can be used in patients with primary
hyperparathyroidism and low bone mass who
refuse surgery or for whom surgery is contrain-
dicated (Rubin et al. 2003, Parker et al. 2002,
Chow et al. 2003).

Renal Osteodystrophy. Renal osteody-
strophy is a complex bone disease that occurs
because of chronic renal (kidney) failure; a more
detailed description of the disease and its causes
can be found in Chapter 3. Treatment of renal
osteodystrophy depends on the type of
abnormality in the bone and on the stage of the
renal disease. An important aspect of
prevention of renal osteodystrophy is the early
implementation of dietary phosphate and
protein restriction, oral 1,25-dihydroxy vitamin
D (calcitriol) treatment, and adequate oral intake
of calcium and vitamin D. A recent analysis of
hemodialysis patients suggested that treatment
with a vitamin D analog, paricalcitol, resulted
in lower mortality than did treatment with
calcitriol (Teng et al. 2003). All patients
progressing to end-stage renal disease are
offered treatment to control uremia (high levels
of blood urea nitrogen) with dialysis. An
increasing number of patients on dialysis are
offered the option of kidney transplantation.
The incidence of osteoporosis after
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transplantation (when bone loss can be
aggravated by the drugs that are used to
suppress the immune response and prevent
rejection of the transplant) can be reduced by
keeping the dose of corticosteroids and anti-
transplant drugs to a minimum (Cohen and
Shane 2003). However, osteoporosis in post-
transplant patients may also be treated in its
own right by anti-osteoporotic therapies such
as bisphosphonates.

Paget’s Disease of Bone. Paget’s disease of
bone is localized, excessive bone remodeling that
leads to increased bone resorption and formation
(see Chapter 3 for more details). The primary
therapy involves use of bisphosphonates, which
decrease bone resorption and slow bone
turnover (Lyles et al. 2001). Alendronate,
risedronate, tiludronate, and etidronate are
bisphosphonates that are approved for the
treatment of Paget’s disease. The doses used
for treatment of Paget’s disease are generally
higher than those used for osteoporosis
treatment. Bisphosphonates lead to a decrease
in alkaline phosphatase and often decrease the
skeletal pain associated with the excessive bone
turnover. Calcitonin (as an under-the-skin
injection or nasal spray) has also been used to
treat Paget’s disease, but is less effective than
bisphosphonates (Deal 2004). PTH should not
be given to patients with Paget’s disease.

Bone Metastases of Cancer. Bone metastases
are common in a number of cancers, and they
contribute heavily to morbidity and mortality,
most prominently in prostate, breast, and
multiple myeloma. Bone metastases are often
associated with severe and frequently
intractable pain (Mundy 2002). The
relationship between prostate cancer and the
bone is unique among cancers. Approximately
90 percent of advanced prostate cancer patients
develop clinically significant bone metastasis,



Treatment of Other Bone Diseases
e Primary hyperparathyroidism
~ Removal of parathyroid adenoma(s)
by surgery if signs or symptoms
meet guidelines
~ Hormone therapy or bisphosphonates
may be helpful
e Renal osteodystrophy (bone disease
from kidney failure)
~ Treatment of kidney problem
(dialysis, transplantation)
~ Special diets
~ Calcitriol
e Paget’s disease of bone
~ Bisphosphonates (alendronate,
risedronate, tiludronate, etidronate)
e Multiple myeloma
~ Chemotherapy
~  Stem cell transplantation
~ Bisphosphonates
e Osteogenesis imperfecta
~ Rehabilitation
~ Physical therapy
~ Bisphosphonates

causing osteoblastic remodeling of the bone that
contributes to the morbidity and mortality of
patients. Bone metastases are also frequent in
breast cancer, often leading to both osteoblastic
and osteoclastic lesions. Multiple myeloma can
cause rapid bone loss with pain, fractures, and
increased blood calcium (see Chapter 3 for more
details). The major source of morbidity and
mortality associated with MM are osteolytic
lesions that form throughout the axial skeleton,
resulting from increased osteoclastic bone
resorption that occurs adjacent to the myeloma
cells. New bone formation that normally occurs
at the sites of bone destruction is also absent, as
local factors produced by myeloma cells appear
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to induce extensive bone destruction and block
new bone formation.

There are some treatments available to treat
bone metastases caused by cancers.
Bisphosphonates, which are potent inhibitors of
bone resorption, significantly reduce skeletal
morbidity in patients with advanced breast can-
cer and can reduce metastasis to bone by hu-
man breast cancer cells in an experimental model
(Cancer Supplement 2003). Pamidronate, a sec-
ond generation bisphosphonate, has recently
been approved by the FDA for treatment of
breast cancer osteolysis. Zoledronic acid, a third-
generation bisphosphonate, has also been ap-
proved for treatment of cancer patients. Another
inhibitor of bone resorption, the protein
osteoprotegerin, has also been shown to be ef-
fective in reducing bone metastases in animal
models of breast and prostate cancer and in re-
ducing bone pain in patients (Cancer Supple-
ment 2003). Although bisphosphonates signifi-
cantly reduce skeletal morbidity associated with
solid tumor metastases to bone, most studies
indicate no improvement in survival (Cancer
Supplement 2003). Thus, in order to improve
therapy and ultimately prevent bone me-
tastases, a more precise understanding of the
pathophysiology of bone metastases is neces-
sary, as the level of current understanding is
very limited (Cancer Supplement 2003).

Osteogenesis Imperfecta. Osteogenesis
imperfecta (OI) is an inherited skeletal disorder
that results from several different genetic
defects (see Chapter 3 for more details). Patients
with OI have low bone mass and brittle bones
that fracture easily. Treatment of patients is
mainly oriented at preventing and treating
fractures in these patients. It involves a team of
health professionals that typically includes
orthopedists, rehabilitation physicians, and
physical therapists. Encouraging results have
been reported with bisphosphonate therapy
(Glorieux et al. 1998).
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Key Questions for Future

Research

There is good evidence that proper nutrition
and lifestyle can promote bone health and that
pharmacotherapy can slow bone loss or even build
new bone. However, there is still no “cure” for
osteoporosis or for most other bone disorders.
Those drugs that do exist, moreover, are still not
ideal in terms of their expense, ease of
administration, and/or side effects. Answers to the
following research questions would help to move
the field closer to the development of “ideal”
therapies that can prevent and/or cure bone disease:

o  What are the relative risks and benefits

of different types of drug therapies in
different populations? When is it best to
use bisphosphonates, SERMS, or
anabolic agents?
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What is the effectiveness of pharma-
cotherapy in treating persons who have
already sustained hip fractures?

Are combination therapies more effective
than single therapies? Is there any time
when it is best to use a combination of
anti-resorptive and anabolic therapy?
What doses, schedules, and methods of
administration are most effective in
encouraging compliance and preventing
fractures in the community (not just
within the confines of a clinical trial)? Can
lower doses, shorter courses, or wider
spacing of treatment help?

What is the efficacy and utility of
vertebroplasty and kyphoplasty?

How can we improve the therapy of other
bone diseases, particularly osteogenesis
imperfecta, hyperparathyroidism, and
renal osteodystrophy?
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Individuals have a critical role to play in
promoting their own bone health. All health
care professionals, especially primary care
providers, have the opportunity and
responsibility to assist them in this task by
promoting awareness of factors that
influence bone health; identifying patients
atrisk of bone disease; and providing lifestyle
and therapeutic interventions to prevent
bone loss and fractures.

Nurse practitioners, nurse midwives, and
physician assistants can contribute
significantly to the provision of bone health
care. They can educate patients on nutrition
and physical activity recommendations,
ensure proper screening, and monitor
compliance with treatment. Physical
therapists, occupational therapists,
pharmacists, and dietitians can play valuable
roles in helping patients achieve maximal
physical function and bone accrual.
Childhood is an excellent time to initiate
counseling aimed at encouraging
appropriate nutrition and physical activities
and discouraging the adoption of behaviors
that negatively affect bone health.

All young and middle-aged adults should
be encouraged to adopt lifestyles that help
prevent bone loss and promote overall
health and the prevention of chronic
disease. Young and middle-aged adult
patients who have medical conditions or
who are taking medications associated
with bone loss should be considered for
bone density testing and drug therapy.
For older adults and the elderly,
recommended levels of both calcium and
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vitamin D increase. Older adults should
engage in regular physical activity, and many
can follow the recommendations for younger
adults. Weight-supporting activities may be
more appropriate in older adults with
compromised bone health, although with
proper supervision and training they can
safely engage in resistance exercises as well.
Risk factors for bone loss and fracture should
be assessed in all older women. In addition,
all women aged 65 and older should undergo
bone density testing as recommended by the
U.S. Preventive Services Task Force and the
National Osteoporosis Foundation. Bone
density testing should be considered in men
with fragility fractures; those on therapies
that may cause bone loss, notably
glucocorticoids or androgen deprivation;
and men with multiple risk factors.
Pharmacologic therapy should be
considered in individuals who have
osteoporosis. Individuals with low bone
mass and multiple risk factors should also
be considered for therapy. Selection of a
therapeutic agent can be tailored to the
severity of the patient’s bone loss and other
co-morbid conditions.

Fall prevention strategies should also be
discussed with every osteoporosis
patient, and hip protectors should be
considered for the frail elderly and
patients at high risk for falling.

A person of any age (especially an elderly
individual) who represents a challenging
clinical situation may benefit from a referral
to an endocrinologist, rheumatologist, or
other specialist in osteoporosis management.
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PUTTING IT ALL TOGETHER FOR THE BUSY
HEALTH CARE PROFESSIONAL

As noted throughout this report, individuals
have a critically important role to play in
building and maintaining strong, healthy bones
throughout life. All health care professionals,
especially primary care providers, have the
opportunity and responsibility to assist
individuals in achieving this goal by promoting
awareness of factors that influence bone health,
identifying patients at risk of bone disease, and
providing lifestyle and therapeutic interventions
to prevent bone loss and fractures. Even though
most osteoporotic fractures occur in older
individuals, the risks of incurring such fractures
are largely determined much earlier in life—both
by the level of peak bone mass achieved during
childhood and adolescence and by subsequent
lifestyle choices and medical events of adulthood.
As discussed earlier in this report, health care
professionals could do a better job in preventing,
identifying, and treating bone disease;
osteoporosis remains underdiagnosed and
undertreated. Since osteoporosis is a common
disorder that can be diagnosed and treated in the
primary care setting, much of the responsibility
for promoting awareness, diagnosis, prevention,
and treatment of osteoporosis falls on health care
professionals who provide primary care. For
example, pediatricians and other primary care
providers for children and adolescents should

focus on maximizing bone accrual as discussed
below in the section on infancy through
adolescence. Primary care and other providers
for adults can also help their patients maintain
skeletal health by focusing on germane areas
within their respective specialties. For example,
obstetrics and gynecology providers should
include recommendations for skeletal health in
their discussions of nutrition and physical
activity during family planning, lactation,
pregnancy, and menopause, as discussed in the
section on young and middle adulthood.
Internists and specialists such as
rheumatologists, gastroenterologists, oncologists,
pulmonologists, dermatologists, and urologists
should maximize lifestyle interventions and
manage patients on pharmacotherapies,
including oral glucocorticoids and gonadal
hormone suppression therapies, that can cause
bone loss, as discussed in the section on older
adults and the elderly. Geriatricians, internists,
emergency department physicians, and
orthopedists have a unique opportunity to ensure
that patients who present with fractures receive
intensive interventions designed to maximize
recovery and prevent future fractures. Certain
health care professionals, such as nurse
practitioners, nurse midwives, and physician
assistants, can contribute significantly to the care
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of many patients and can educate patients on
nutrition and lifestyle recommendations, ensure
proper screening, and monitor compliance with
treatment. Other health care professionals such
as physical therapists, occupational therapists,
pharmacists, dentists, optometrists, and
dietitians can play valuable roles in helping
patients achieve maximal physical function and
bone accrual. For example, pharmacists can
advise patients concerning calcium and vitamin
D supplementation, the best way to take
medications, and any potential drug interactions.
Optometrists can help by ensuring that the
vision of older patients is adequately corrected,
which should decrease the risk of potentially
debilitating falls. For their part, dentists may be
able to detect bone loss in the jaw, which could
lead to further investigation of the potential for
0Steoporosis.

Fortunately, recommendations related to
bone health also promote overall health and
therefore fit in well with other preventive
recommendations. This chapter is devoted to
identifying ways that health care professionals can
incorporate recommendations focused on bone
health into the advice they are already providing
patients, and to offering practical advice on how
providers can assist patients in implementing these
recommendations into their lives. These
recommendations are based largely on the evidence
related to the maintenance of bone health, the
diagnosis of bone disease, and the prevention and
treatment of fractures outlined in Chapters 6, 7, 8,
and 9, and therefore references are not included in
this chapter except in cases where material has not
previously been referenced.

Children and Adolescents

The period from infancy through
adolescence is critical for building bones and
developing healthful bone habits that help an
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individual to maintain a robust skeleton
throughout life. As noted in Chapter 2, most
individuals reach their “peak bone mass” during
this time, which is determined by genetic factors
and lifestyle choices (e.g., nutrition, physical
activity) made by children with the influence of
their parents during the first 18 years of life. The
tirst 2 years of life and early adolescence are
particularly important for future bone health, as
they are characterized by rapid bone
accumulation. Health care professionals who are
involved in the health maintenance of infants,
children, and adolescents have an opportunity
to positively influence bone health for the rest
of their patient’s lives. While bone disease is quite
rare in children and adolescents, health care
professionals also need to be aware of the warning
signs of potential problems that could be caused
by genetic factors, lifestyle choices, certain
diseases, or use of certain medications.

Nutrition

Achieving recommended levels of intake for
calcium, vitamin D, and other nutrients during
infancy, childhood, and adolescence is critical
to maintaining healthy bones throughout life.
(See Table 10-1 for a listing of the dietary
calcium and vitamin D requirements for infants,
children, and adolescents.) What follows is a
more detailed discussion of how health care
professionals can assist their patients in achieving
these levels.

Calcium

Adequate calcium intake is critical for infants,
children, and adolescents, as discussed below.

Infants: Nutrition is important to bone health
even before birth. The largest influx of calcium
into the fetal skeleton occurs during the last
trimester of human pregnancy. Most newborns
will receive adequate levels of calcium from their
mothers during full-term pregnancies, and from



breast milk, formula, and/or solid foods during
the first year of life. Infants who are born
prematurely “miss out” on some calcium before
they are born and will likely have lower bone
mass at birth than will a full-term infant. While
breast feeding provides important advantages to
premature infants, it may not provide for all of
their needs. As a result, health care professionals
should encourage parents of premature infants
who are being breast fed to use supplements that
provide added nutrients, particularly calcium,

Bone Health and Osteoporosis

vitamin D, phosphorus, and protein (Schanler
2001). Health care professionals should advise
the parents of premature infants who are not
being breast fed about the importance of using
infant formulas that are designed to provide
calcium and phosphorus intakes similar to those
that occur in utero during the last trimester of
normal human pregnancy. Even when
premature infants use such formulas, it can take
up to 5 years for their bone mass to catch up
with that of full-term newborns.

Table 10-1. Summary Recommendations for Bone Health
Calcium  Vitamin D Physical Bone Density Patients at
(mg/day) (lU/day) Activity Testing Increased Risk
Infants
0-6 Months 210 As clinically
200 Interactive play | indicated in high
6-12 Months 270 risk patients. Frequent
fractures,
Children and Adolescents anorexia,
amenorrhea,
Moderate to chronic hepatic,
1-3 years 500 vigorous activity As clinically renal,
at least 60 indicated in high gastrointestinal,
4-8 years 800 200 minutes per day. risk patients. autoimmune
Emphasize weight disease.
9-18 years 1300 bearing activity. Medications in
Table 10-2.
Adults
Moderate activity As clinically
18-50 years 1000 200 at least 30 minutes | indicated in high
per day, on most, risk patients.
preferably all, days
of the week. Bone density
51-70 years 1200 400 Emphasize weight | testing by DXA in
bearing activity. | all women OVer | Individuals with
Fall prevention age 65; consider risk factors
or the frail elderly [ age 65 with ris
>70 years 1200 600 and spine fracture factors. No
patients. consensus on men.
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Childhood: As shown in Table 10-1, children
between 1 and 3 years old should get 500 mg
per day of calcium, and those between 4 and 8
years old should consume 800 mg per day. Milk
and foods derived from milk (e.g., cheese,
yogurt) serve as the major food sources for
calcium throughout childhood and adolescence.
Any type of milk (whole, lowfat, or nonfat)
provides the same level of calcium, but low-fat
milk is the best choice for children over age 2.
Additional include foodstuffs
supplemented with calcium, such as fruit juices,
fortified soy beverage, breads, and other
breakfast foods, which can help to boost overall
dietary calcium intake levels towards the
recommended values. Since foods that contain
calcium also have many other important
nutrients, health care professionals should
encourage parents and their children to strive
for recommended levels of calcium intake
through diet alone.

sources

Adolescence: The second most rapid gains
in bone mass occur with the onset of puberty,
which also marks the time that calcium intake
needs become greatest. As shown in Table 10-
1, children 9 to 18 years old should consume
1,300 mg per day of calcium. Puberty is also
the time that ethnic and gender differences in
bone mass are first seen. As noted in Chapter
3, bone mass tends to be higher in African-
Americans than in Caucasians, and higher in
males than in females. Girls and boys
experience their most rapid rate of bone growth
during puberty, and by the end of puberty they
have almost achieved peak mass. Hence the
teenage years are especially critical to
maximizing skeletal growth. Girls and, to a
greater extent, boys also accumulate bone mass
during and after puberty, with some additional
mass being gained even in the third decade of
life. Finally, it is worth noting that a delayed
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onset of puberty is associated with a reduction
in peak bone mass attainment.

Few adolescents consume recommended
levels of dietary calcium shown in Table 10-1.
As indicated in Figure 6-4 based on data from
the National Health and Nutrition Examination
Surveys (NHANES), children up to age 9
consume the recommended amount of calcium.
Consumption begins to decline slightly just as
the calcium requirement to sustain pubertal
growth goes up. Health care professionals should
inquire specifically about calcium intake during
check-ups. It is useful to remember that while
fluid milk consumption decreases as children
progress to adolescents, both children and
adolescents consume mixed foods such as pizza
that contain considerable amounts of calcium
through cheese. Calcium intake in children and
adolescents can be enhanced by incorporating
fruit-flavored yogurt, milk-based puddings and
shakes, cheese (including low-fat cheese
products), and fortified foods such as orange juice
into family meals, snacks, and packed school
lunches. It is important to recognize that even in
the context of obesity and other chronic disease
prevention, low-fat and nonfat, calcium-rich
dairy foods can be emphasized as a way to
promote bone health without having a negative
impact on efforts to manage weight. Calcium
supplements may be used for those individuals
who would otherwise have a chronic, sub-
optimal intake of calcium and are unable to meet
the requirement for calcium through diet alone.
Interactive nutrition, physical activity, and bone
health information geared toward girls and
adolescents can be found on two Centers for
Disease Control and Prevention (CDC)Web sites
related to the Powerful Bones, Powerful Girls
campaign: http://www.cdc.gov/powerfulbones/
index2.html and http:www.cdc.gov/power
fulbones/parents.



Vitamin D

As with calcium, adequate levels of vitamin
D are critical to forming and maintaining healthy
bones throughout infancy, childhood, and
adolescence. Full-term infants who are fed
human breast milk appear to mineralize the
skeleton similarly to infants fed commercial
formulas, including soy-based formulas for
infants with an intolerance to cow’s milk.
However, infants who are exclusively breastfed
and who have limited exposure to sunlight are
at increased risk of developing vitamin D
deficiency. Severe vitamin D deficiency can lead
to rickets. The American Academy of Pediatrics
has suggested that all infants who are exclusively
breastfed receive 200 U (international units) of
vitamin D daily to lessen the likelihood of
developing rickets.

Vitamin D requirements during childhood
are 200 IU daily, which is the amount contained
in two glasses of fortified milk or in