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Introduction

Osteoporosis is a highly prevalent metabolic bone disease that affects both 
men and woman at risk of bone demineralization. It has been recognized 
as both a qualitative and quantitative bone disorder that imposes an unusu-
ally high risk of fracture on affected individuals. Contrary to earlier belief that 
osteoporosis is a disease of North European, postmenopausal women, it is now 
recognized that the scope of this disorder extends to include men and women 
at risk.1 Moreover, awareness of the increased prevalence of this disorder has 
been heightened as life expectancy is on the rise. It is estimated that in the year 
2000 nine million fractures related to osteoporosis occurred worldwide; most of 
these fractures were in Europe.2 Whether the occurrence of osteoporotic frac-
tures is rising or on the decline remains controversial.

Prior to exhibiting the gross effects of osteoporosis (i.e., skeletal fractures), 
the impact of this disorder may involve the microstructure of bone. Diagnosis 
and intervention at this early stage has not been well-studied. Measurement of 
bone mineral density (BMD) via dual-energy x-ray absorptiometry (DEXA) is 
the most widely used method to diagnose osteoporosis. DEXA could be applied 
through widespread population screening, but a more sophisticated approach 
would be to estimate individual risk of developing osteoporosis and the subse-
quent likelihood of fracture based on several widely known risk factors.

Pathogenesis
To better understand osteoporosis, one should be familiar with its underlying 

pathogenesis and how osteoporosis may lead to compromised bone strength 
and integrity. Several theories address the complex processes that impact bone 
mass and quality resulting in osteoporosis.3,4 There is limited conclusive evi-
dence, however, related to this complex disorder, and more research is needed 
to better understand the underlying processes responsible for the development 
of fractures. Nevertheless, the following mechanisms offer, at least in part, a 
reasonable explanation of some of the disease features:

1. Increased bone loss by increased resorption and bone turnover
2. Decreased compensatory bone formation
3. Impact of increased remodeling on the structure of the bone
4. Inability to reach peak bone mass, which may depend heavily on genetic 

factors
5. Effect of microfractures
6. Change in the microstructure of bone
7. Several genetic and environmental determinants and the interplay among 

these factors5

8. The mechanical effect of posture and muscle strength on the bone
One should keep in mind that some of the proposed mechanisms are poorly 
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Osteoporosis is a highly prevalent metabolic bone disease 
that is increasing in prevalence as longevity increases and is 
responsible for an enormous economic and societal burden 
with more than 9 million fractures worldwide.

 ● Common risk factors for osteoporosis include lack of 
estrogen, low dietary calcium intake, cigarette  
smoking, increasing age, family history, and low stores  
of vitamin D.

 ● The World Health Organization employs a classification 

system based on the T-score that assigns a diagnosis of 
normal, osteopenia, osteoporosis, or severe osteoporosis.

 ● The National Osteoporosis Foundation has outlined 
indications for BMD testing for both men and women 
in the United States.

 ● Prevention and treatment of osteoporosis involve 
regular moderate weight-bearing exercise, smoking 
cessation, adequate calcium and vitamin D intake, and 
pharmacologic interventions.

Executive Summary

understood and more research is 
needed to further delineate the 
underlying processes responsible for 
the development of fractures.

Risk Factors for 
Osteoporosis

Several systemic hormones may, 
directly or indirectly, contribute to 
osteoporosis. A lack of estrogen, 
especially in postmenopausal women, 
is the classic example of this associa-
tion. Bone resorption increases as 
estrogen decreases.6 The relation-
ship between reduced estrogen and 
osteoporosis is not limited to women 
as the correlation between estrogen 
levels and BMD in elderly men is 
well established.7,8 To a lesser degree 
but with a similar mechanism, andro-
gen deficiency may be related to 
increased bone turnover.9,10

Glucocorticoid deficiency may play 
an important role in osteoporosis by 
inhibiting bone formation and, to 
a lesser extent, facilitating increased 
bone resorption. On the other hand, 
glucocorticoid excess also is associ-
ated with an increased risk for osteo-
porosis. Additional hormonal effects 
are to be considered with hypo- or 
hyperthyroidism, increased parathy-
roid hormone (PTH), vitamin D 
deficiency, calcitonin deficiency, and 
abnormalities in calcium intake and/
or absorption.

Low dietary calcium intake may 
lead to increased fractures, as dem-
onstrated in population studies 
in the United States. High ani-
mal protein intake also has been 
shown to increase hip fractures in 

epidemiologic studies.11,12 Several 
studies have demonstrated that low 
dietary vitamin K intake is associ-
ated with low BMD or increased 
fractures. Additionally, vitamin K 
supplementation has been shown to 
improve the bone turnover profile.13 

Low body weight and decreased 
physical activity also are associated 
with increased risk of osteoporotic 
fractures.14 Moreover, cigarette 
smoking is well known to increase 
the risk of developing osteoporosis 
via multiple mechanisms.15,16 Table 1 

Table 1: Potential Risk Factors Associated with Osteoporosis 
and Related Fractures
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depicts known risk factors for osteo-
porosis-related fractures.

 
Evaluation of 
Osteoporosis

Secondary causes of osteoporosis 
should be investigated upon diagno-
sis. Drugs that are known to increase 
the risk of osteoporosis include 
glucocorticoids, anticonvulsants, 
aromatase inhibitors, and heparin. In 
addition, several systemic conditions 
may be associated with increased risk 
of osteoporosis (see Table 2).

Diagnosis
Clinical diagnosis of osteoporosis 

can be made based on the presence 
of fragility fractures, ones that occur 
in the setting of normal activities 
such as fall from standing position, in 
at-risk individuals when other causes 
can be excluded. Typical examples 
of fragility fractures include vertebral 
and femur neck fractures. Definite 
diagnosis of osteoporosis, however, is 
based on the measurement of BMD 
with DEXA. BMD is expressed in 
grams of mineral per square centime-
ter scanned (g/cm2). BMD testing 

with DEXA yields a calculated value, 
called a T-score, which is the num-
ber of standard deviations above or 
below the average of peak bone den-
sity for one’s reference group (e.g., 
Caucasian women). A Z-score also 
is calculated based on the patient’s 
expected BMD for age and other 
characteristics.

The World Health Organization 
(WHO) has a widely used classifica-
tion system that, based on T-score, 
assigns a diagnosis of normal, 
osteopenia, osteoporosis, or severe 
osteoporosis (see Figure 1).17 Of 
note, although BMD does not neces-
sarily reflect bone quality, the score 
obtained by DEXA is considered 
a good predictor of risk of future 
fracture. Overall and site-specific 
risks of fracture can be estimated, 
although DEXA measurement at the 
hip site may be the best predictor of 
future hip fracture risk. BMD mea-
surements at the lumbar spine and 
femoral neck levels are frequently the 
preferred choice of testing as they 
seem to be good predictors of frac-
ture risk. Measurement of BMD at 
the one-third radius site is an accept-
able alternative when measurements 
of the lumbar spine and hip cannot 
be obtained.18 Other skeletal sites 
have not been accurate for diagnos-
ing osteoporosis.

An adjusted Z-score based on 
race or ethnicity has been recom-
mended by the International Society 
for Clinical Densitometry (ISCD). 
Z-scores of < -2.0 translate to either 
a low BMD for age or below the 
expected range for age. Values > -2.0 
are considered within the expected 
range for age.19

Indications for Testing
Several organizations have 

proposed guidelines for osteo-
porosis screening. The National 
Osteoporosis Foundation (NOF) has 
outlined the indications for BMD 
testing in both men and women in 
the United States (see Table 3).20 
BMD testing should be performed 
when the results will have an impact 
on clinical decision-making.

Table 2: Examples of Conditions Predisposing 
to Osteoporosis

�������	
 ��������
����	����	
����
� ����
�	�������"�	���

#�����	���	
����
� ��
�	��/
�
����������������
� �����	�
�"$�	��������������	�	
�

(�
���	��
�	�����	
����
� ��	����	
�
��	�0�����������!��
� ������	
�
�������
����	��

(��	���	
����
� 1�	�"�����,��"����#���
'�����
��
� �����
������


��������	���	
����
� 2	���������	
�
������	����
� �����������������	�

3������	���	
����
� ,���	���
����
	


.�����	
����
� .����"�	��������������������	��
	


.���������	���	
����
� 2�
��	������
���������
	
���
� ������������	�������	�	


Table 3: Indications for Bone Mineral Density Testing by 
National Osteoporosis Foundation
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Risk Assessment Using 
Biochemical Markers

Serum and urine testing of bone 
turnover biomarkers assesses the risk 
of fracture in untreated individuals. 
Moreover, repeated measurement 
during the course of FDA-approved 
therapies may be beneficial in assess-
ing fracture risk reduction. These 
markers of remodeling include 
serum C-telopeptide (CTX), urine 
N-telopeptide (NTX), and bone spe-
cific alkaline phosphatase (BSAP).21

Assessment of Vertebral 
Fracture Risk

Previously confirmed vertebral 
fractures predict later vertebral 
and other fractures independent of 
additional risk factors. Therefore, 
vertebral assessment imaging of the 
thoracic and lumbar spine using 
DEXA should be considered when 
the presence of such fracture may 
affect clinical decision-making.19

DEXA scanning remains the most 
accurate diagnostic method for 
diagnosis of low BMD. Quantitative 
ultrasonography is another less 
expensive and safer technique than 

DEXA. Quantitative ultrasonography 
of the calcaneus predicts fractures of 
the femoral neck, hip, and spine as 
effectively as DEXA. The threshold 
for diagnosis, however, is not well 
defined.22,23

Fracture Risk Algorithm 
(FRAX)

WHO developed an algorithm to 
estimate the 10-year probability of 
a hip fracture and the 10-year prob-
ability of a major osteoporotic frac-
ture. This algorithm is designed for 
untreated postmenopausal women 
and men age 50 or older and is avail-
able online at: www.nof.org. The use 
of BMD from sites other than the 
hip in this algorithm has not been 
validated as an estimate of fracture 
risk and thus is not recommended.

Osteoporosis in Men
Osteoporosis, though often 

underdiagnosed in men, has gained 
increasing interest in the past few 
years. Early diagnosis of this disorder 
in men has been particularly chal-
lenging as men usually present with 
osteoporotic fractures. Osteoporosis 
also is diagnosed based on physical 

complaints such as back pain or pres-
ence of risk factors (see Table 1).24 
Due to lack of cohort studies in this 
setting, and until further compre-
hensive evidence is available, osteo-
porosis in men will continue to be 
overlooked and treatment often will 
be delayed.

As in women, BMD measurements 
are also a useful tool in predicting 
fractures related to osteoporosis 
in men.25,26 The decision to initi-
ate screening, however, remains the 
main challenge. Recent guidelines 
have addressed this matter and more 
definite statements on screening 
and prevention have emerged (see 
“Screening for Osteoporosis”).

Hip and spine usually are the pre-
ferred sites for testing, as fractures 
in these two sites could have the 
greatest impact on quality of life. 
Additional laboratory testing may be 
advised in the appropriate setting as 
suspicion arises and may include test-
ing for myeloproliferative disorders, 
parathyroid disorders, celiac disease, 
etc. (see Table 2).

Treatment of osteoporosis in men 
includes lifestyle measures, calcium 
and vitamin D supplementations, and 

Figure 1: WHO Classification System Based on BMD Measured with DEXA
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hormonal and pharmacologic ther-
apy (see “Prevention and Treatment 
of Osteoporosis”). Particular atten-
tion should be paid to investigate 
and effectively treat the underlying 
secondary causes such as long-term 
glucocorticoid use, hypogonadism, 
and alcoholism.27,28

Prevention and 
Treatment of 
Osteoporosis

The burden of osteoporosis stems 
from the morbidity and mortality 
associated with fractures. Hence, the 

main goal of preventing this disor-
der is to reduce the occurrence and 
risk of fractures. This goal can be 
achieved by the use of medications 
that promote bone strength and with 
the adoption of lifestyle interventions 
aimed at enhancing bone health.

Exercise and Lifestyle 
Changes

Regular exercise and increased 
physical activity may play an impor-
tant role in increasing BMD. This 
was demonstrated in several studies, 
especially earlier in life. The impact 
seems to be more noticeable and 

sustainable, however, when adher-
ence to a regular program is main-
tained over prolonged periods of 
time.29,30 Moreover, the benefit of 
an exercise program seems to dis-
sipate shortly after the individual 
stops exercising.31 It has been shown 
that weight-bearing, aerobic, and 
resistance exercises all may improve 
BMD of the spine in postmenopausal 
women, while walking seems to 
improve BMD at the hip.

As peak BMD is likely already 
reached in the elderly, the principal 
benefit of exercise is to maintain cur-
rent bone mass and prevent further 

Figure 2: Recommendation from NIH Consensus Statement on Optimal Calcium Intake
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Table 4: FDA-approved Bisphosphonates for the Treatment and Prevention of Osteoporosis
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bone loss. Power training (fast move-
ment with resistance weights) is 
more effective than strength (slower 
movement) training.32

Recently investigators examined 
the impact of skeletal abnormalities 
and muscle strength on the devel-
opment of osteoporosis. Exercises, 
particularly high-impact ones, have 
been shown to be beneficial during 
different stages of growth and devel-
opment.30 Further research is needed 
to identify the type and frequency 
of exercise required for osteoporosis 
prevention. Individualized programs 
based on an individual’s risk factors, 
age, and BMD may be needed. Until 
there is persuasive evidence, adher-
ence to a moderate, weight-bearing 
exercise program most days of the 
week is reasonable. The intensity of 
one’s program should be adjusted in 
consultation with a person’s primary 
care physician.

Smoking Cessation
Cigarette smoking is known to 

accelerate bone loss.33 Smoking 
also may compromise the effec-
tiveness of estrogen treatment in 

postmenopausal women34,35 and is 
known to increase the risk of throm-
boembolic complications in women 
on HRT. Therefore, smoking ces-
sation is highly recommended in 
postmenopausal women undergoing 
treatment with estrogen.

Calcium and Vitamin D
Sufficient daily intake of calcium 

is essential to maintain healthy 
bones. Since calcium requirements 
differ based on factors such as age 
and menopause status, the amount 
required to achieve this goal will vary 
accordingly. The National Institutes 
of Health (NIH) estimated optimal 
calcium intake based on gender and 
hormonal status. See Figure 2 for 
details.36 Patients should be educated 
on foods with high calcium content. 
There does not appear to be clear 
benefits favoring one calcium for-
mulation, although absorption may 
differ based on the fasting state, with 
calcium citrate preparations having a 
more favorable profile than calcium 
carbonate formulations.

Vitamin D has gained increasing 
interest in recent years. It plays an 

important clinical role in a variety 
of medical conditions. The more 
defined role, however, is related 
to its impact on calcium homeo-
stasis and bone metabolism. With 
minimal sun exposure, it is generally 
accepted that a 25-(OH) vitamin D 
level below 20 ng/ml is inadequate 
for bone health. Maintaining lev-
els above 20 ng/ml is a reasonable 
treatment goal for most adults with 
recommendation of levels above 30 
ng/ml in elderly and high-risk indi-
viduals. Calcium supplementation 
may prevent bone loss and changes 
in biochemical markers of bone turn-
over in susceptible populations.37,38

It has been shown that mildly low 
levels of vitamin D, though com-
mon, may be associated with bone 
loss. Supplementation of vitamin D 
and calcium in vitamin D deficiency 
has been shown to decrease the risk 
of hip and non-spine fractures.39,40

In the setting of vitamin D defi-
ciency, treatment should aim to 
achieve 25-(OH) vitamin D levels of 
> 30-32 ng/ml to prevent a com-
pensatory rise in the PTH level.41,42 
The administration of 50,000 
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Table 5: Other FDA-approved Medications for the Treatment of Osteoporosis
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International Units (IU) of vitamin 
D2 weekly for 8 weeks may achieve 
this goal. After 8 weeks a level 
recheck should be done. Once an 
adequate vitamin D level is reached, 
maintenance is required with either 
800-1000 IU of vitamin D3 daily or 
50,000 IU of vitamin D2 once or 
twice monthly. Concomitant treat-
ment with calcium is recommended.

Pharmacologic Therapy
Several drug classes have been 

approved for the prevention and 
treatment of osteoporosis. The 
choice of a medication or class 
depends on its efficacy in preventing 

vertebral and hip fractures, safety, 
duration of treatment, renal func-
tion, and side effects profile.

Bisphosphonates
Bisphosphonates are first-line med-

ications in the management of osteo-
porosis. They inhibit bone resorption 
and reduce osteoclast activity.35 A 
list of FDA-approved medications 
to prevent and treat osteoporosis is 
provided in Table 4. The physician 
should consider indication(s) for 
treatment and corresponding dosage 
and duration.

Bisphosphonates are notorious 
for causing gastrointestinal (GI) 

side effects and should be taken on 
an empty stomach for better oral 
absorption. When taking bisphos-
phonates, GI symptoms can be 
alleviated by switching from a daily 
to a weekly regimen. Osteonecrosis 
of the jaw, an infrequent adverse 
reaction related to the use of 
bisphosphonates, also is a concern. 
Osteonecrosis may result from the 
use of high IV doses to treat compli-
cations from a malignant disease.43 
Zoledronic acid, which is given IV, 
has similar effects as other daily oral 
bisphosphonates. Due to its potency, 
zoledronic acid is administered in 
small doses over longer intervals.44,45 
Black et al reported that atrial fibril-
lation, a serious side effect, occurred 
more frequently in the zoledronic 
acid group when compared to a con-
trol group.44

HRT
Controversy has emerged over 

the years regarding the use of HRT 
in the prevention and treatment of 
osteoporosis. For years, the use of 
HRT was advocated as little was 
known about the long-term effects 
of its use. The shift in the paradigm 
of such practice started to occur 
following a number of clinical tri-
als including the Women’s Health 
Initiative (WHI) clinical trial. HRT, 
though decreasing the incidence 
of fractures, was associated with a 
higher risk of breast cancer and car-
diovascular complications.46-48 It still 
is unknown at which doses HRT can 
be deemed effective with minimal 
potential side effects, and further 
research is needed in this area. Given 
the above-mentioned findings, the 
indiscriminate use of HRT for pre-
vention of osteoporosis should be 
discouraged and alternative therapies 
should be considered. Further, FDA 
has approved raloxifene, a selective 
estrogen receptor modulator, for the 
prevention and treatment of osteo-
porosis in postmenopausal women.

Calcitonin, denosumab, and terip-
aratide also are approved by FDA 
for the prevention and treatment of 
osteoporosis. High-risk individuals 
take these medications in combina-
tion with supplemental calcium and 

 ● Osteoporosis is a metabolic bone disease affecting both men and 
women.

 ● Fractures related to osteoporosis may be a major burden for affected 
individuals.

 ● Several risk factors are associated with a higher risk of osteoporosis and 
subsequent fractures.

 ● Some medications may place the patient at risk for osteoporosis and 
fractures.

 ● Certain hereditary and acquired medical conditions are also known to 
be associated with osteoporosis.

 ● Diagnosis and management of osteoporosis relies principally on the 
measurement of bone mineral density (BMD) using dual-energy x-ray 
absorptiometry (DEXA).

 ● Biochemical markers and algorithms also assist in decision-making.

 ● Suboptimal levels of calcium and vitamin D warrant treatment to pre-
vent osteoporosis and fractures.

 ● The United States Food and Drug Administration (FDA) has approved 
10 different medications for the prevention and treatment of osteopo-
rosis.

 ● Bisphosphonates are considered first-line medications for treating osteo-
porosis in postmenopausal women.

 ● Intravenous (IV) zoledronic acid has similar effects to other oral 
bisphosphonates.

 ● Hormone replacement therapy (HRT) is no longer considered a first-
line treatment for osteoporosis due to the overwhelming evidence of 
increased risk of breast cancer and cardiovascular disease.

 ● Screening for osteoporosis is initiated based on risks, benefits, and the 
candidacy for pharmacologic treatment.

 ● Generally, screening for osteoporosis targets women > age 65, men > 
age 70, and individuals who are at high risk of osteoporosis.

Table 6: Summary
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vitamin D. Table 5 provides informa-
tion on indications, dosing, and drug 
class. Constant high levels of PTH 
over prolonged durations, as seen 
in hyperparathyroidism, have been 
shown to increase bone resorption. 
Paradoxically, intermittent exposure 
seems to have a stimulatory effect 
on bone formation. Hence, the 
prolonged use of exogenous PTH 
(teriparatide) is an effective treat-
ment for osteoporosis.

Screening for 
Osteoporosis

Understanding the need for 
screening to investigate the risk of 
osteoporosis and fractures requires 
thorough understanding of the 
potential risk factors that increase 
the individual’s risk of osteoporosis-
related fractures (see Table 1). Several 
health care organizations have 
adopted screening guidelines to 
assist providers in making decisions 
on screening. Given the abundance 
of risk factors and the burden of 
fractures on morbidity and mortal-
ity, the decision to pursue testing 
will have to be made based on the 
risks involved and benefits obtained, 
as well as the candidacy for pharma-
cologic treatment, and ultimately 
should be handled on a case-by-case 
approach. For instance, a low thresh-
old for screening and intervention 
should be adopted when dealing 
with a 65-year-old demented male 
who is at high risk of falls to prevent 
the devastating aftermath of poten-
tial fractures secondary to undiag-
nosed osteoporosis.

Below is a summary of recommen-
dations for osteoporosis screening 
accounting for different health care 
organizations’ recommendations.49-50  
(See Table 6.)

• Women > 65 years of age
• Men > 70 years of age
• Postmenopausal women with 

increased risk of fractures
• Men > 50 years of age with 

increased risk of fractures
• Repeat testing, though still 

unclear, is recommended every 
2 years or longer in individuals 
with normal BMD.
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In Future Issues
Vitamin D

CME Questions

1. You are caring for a 55-year-old 
Caucasian female who has a history 
of essential hypertension. Her only 
medications are a thiazide diuretic 
and estrogen replacement therapy for 
hot flashes. The patient is a former 
smoker but quit 20 years ago and 
denies any current alcohol use. She 
exercises regularly and eats healthy 
food although she is concerned 
about her risk of osteoporosis. What 
is your recommendation for adequate 
daily calcium intake for this patient?
a. 1000 mg PO daily
b. 1200 mg PO daily
c. 1500 mg PO daily
d. 2000 mg PO daily

2. You have four patients scheduled to 
be seen in your primary care clinic 
for health maintenance and annual 
physical examination. You are faced 
with a question of screening eligibil-
ity for osteoporosis. Which one of 
your patients will most benefit from a 
screening with DEXA scan?
a. A healthy 54-year-old African 

American postmenopausal woman
b. A 45-year-old Caucasian male 

with history of benign prostate 
hyperplasia

c. A 93-year-old Caucasian male 
with multiple comorbidities 
including end-stage renal disease

d. An otherwise healthy 74-year-
old male with a family history of 
osteoporosis

3. Which of the following medications 
is an FDA-approved medication for 
the treatment of osteoporosis?
a. Calcitriol
b. Denosumab
c. Pamidronate
d. Tamoxifen

4. In a 45-year-old Asian female patient, 
which of the following is associated 
with increased risk of osteoporosis?
a. Diet rich in vegetables and low in 

caffeine
b. Diet low in salt and protein
c. Her race
d. Walking and resistance exercises

5. Which of the following medications 
is most likely to be associated with 
higher risk of osteoporosis?
a. Beta blockers
b. Heparin
c. Plavix
d. Tamoxifen

6. Several clinical trials including the 
Women’s Health Initiative clini-
cal trial have shifted the traditional 
practice about the use of hormone 
replacement therapy (HRT) for 
treatment of osteoporosis. Which of 
the following statements is the most 
accurate conclusion that could be 
drawn from these trials?
a. HRT did not decrease the risk of 

fractures.
b. HRT treatment decreased the risk 

of breast cancer.
c. The use of HRT should be pro-

hibited in all settings.

CME Instructions
To earn credit for this activity, please follow these instructions.
1. Read and study the activity, using the provided references for further 

research.
2. Log on to www.cmecity.com to take a post-test; tests can be taken after 

each issue or collectively at the end of the semester. First-time users will 
have to register on the site using the 8-digit subscriber number printed 
on their mailing label, invoice or renewal notice. 

3. Pass the online tests with a score of 100%; you will be allowed to 
answer the questions as many times as needed to achieve a score of 
100%. 

4. After successfully completing the last test of the semester, your browser 
will be automatically directed to the activity evaluation form, which you 
will submit online. 

5. Once the completed evaluation is received, a credit letter will be 
e-mailed to you instantly.  

Primary Care Reports 
CME Objectives

Upon completion of this activity, 
participants should be able to:

1. Summarize recent, significant 
studies related to the practice 
of primary care medicine;.

2. Evaluate the credibility of 
published data and recom-
mendations related to pri-
mary care medicine;

3. Discuss the advantages and 
disadvantages of new diag-
nostic and therapeutic pro-
cedures in the primary care 
setting.
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