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Osteoporosis
Author’s Note

Osteoporosis is a common disease that causes significant morbidity and mortality. 
Its prevalence and costs to society are huge and its incidence is rising as the popula-
tion ages. Osteoporosis affects people of all races and socioeconomic groups, and the 
prevalence in men is not far behind that of women, yet it remains underdiagnosed 
and undertreated. Although osteoporosis is preventable, it is a silent disease that 
often does not come to medical attention until fracture occurs. A large percent-
age of osteoporosis is secondary to other disease states or medications, and there are 
many known modifiable risk factors. Screening to identify individuals at risk and 
instituting primary and secondary prevention with risk factor reduction and phar-
macotherapy provides an opportunity to reduce the incidence of fracture and reduce 
morbidity and mortality. This review will highlight the salient aspects of screening 
and treatment of osteoporosis for primary care providers. 

Introduction
Osteoporosis is a progressive, systemic skeletal disease characterized by low 

bone mass and decreased bone strength resulting in increased risk of fracture. 
Disruption of normal skeletal microarchitecture renders the bones weakened 
and prone to fracture from stress that ordinarily would not cause fracture, called 
fragility fracture. Like diabetes and heart disease, osteoporosis is a preventable 
condition that poses a major health risk in the United States and globally. The 
adverse health and economic impact of low bone mass is substantial and poised 
to grow as the population ages. Although we possess the knowledge and tools 
to identify patients requiring intervention, and studies have demonstrated cost-
effectiveness of both screening1 and the use of pharmacologic agents for treat-
ment and prevention,2 the rates of osteoporosis risk assessment and treatment 
are low.3  

Epidemiology
Low bone mass is estimated to affect 200 million people worldwide, approxi-

mately one in 10 women older than age 60, and two in five women older than 
age 80.4 In the United States, approximately 44 million men and women repre-
senting 55% of the population older than age 50 are at risk for fracture from low 
bone mass.4 The lifetime fracture risk for a 50-year-old woman is approximately 
40%, similar to the risk of cardiovascular disease, and the lifetime risk for a 
50-year-old man is approximately 30%, similar to the risk of prostate cancer.4,5 

Age, sex, race, ethnicity, and genetics impact risk and prevalence of osteopo-
rosis. In the United States, prevalence of low bone mass is highest in women 
and increases with age.6 Approximately 80% of all hip fractures occur in women 
and 90% of all fractures occur in people age 50 and older.4 Additionally, within 
a single racial group similar in age and gender, there is a large variation in inci-
dence of low bone mass, of which approximately 84% is attributable to heritable 
genetics.7 Data from the National Health and Nutrition Examination Survey 
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Osteoporosis is a silent disease that often does not 
come to a practitioner’s attention until a fracture occurs. 
It remains underdiagnosed and undertreated. Screening 
appropriate individuals and providing prevention and treat-
ment are within the purview of the primary care physician.

●●  The lifetime fracture risk for a 50-year-old woman is 
approximately 40% (similar to the risk of cardiovascular 
disease) and for a man is 30% (similar to the risk of pros-
tate cancer). About 80% of hip fractures occur in women.

●● The World Health Organization bases its operating  
definition of osteoporosis on bone density measure-

ments by dual energy x-ray absorptiometry that are 
reported as a T-score with osteoporosis being defined at 
2.5 standard deviations below peak bone mass.

●● Risk factors include glucocorticoid use, inadequate  
calcium intake, vitamin D insufficiency, and alcoholism.

●● FRAX calculator is a tool that can be used to predict 
fracture risk but does not include all known risk factors.

●●  Treatment includes modification of risk factors, calcium 
and vitamin D supplementation, and pharmacotherapy 
classified into antiresorptive and anabolic agents.

Executive Summary

2005-2008 demonstrated racial dif-
ferences for osteoporosis in both men 
and women.8 In the U.S. population 
aged 50 and older, approximately 
half had either osteoporosis or low 
bone mass at the femur neck or 
lumbar spine. For both women and 
men, the age-adjusted lowest rates 
of osteoporosis and low bone mass 
were among non-Hispanic blacks. 
The highest prevalence of osteopo-
rosis and low bone mass was among 
Mexican Americans and people of 
“other” races (non-African American, 
Caucasian, or Mexican American) 

Morbidity and Mortality
Osteoporotic fractures incur sig-

nificant morbidity and cost to the 
individual and to society. This is 
confounded by the fact that any indi-
vidual who has a history of fragility 
fracture has an 86% increased risk of 
another fracture at any site.4 

The most common sites of fragility 
fracture are the spine, hip, and wrist. 
The prevalence of vertebral deformi-
ties among postmenopausal white 
women is estimated to be 20-25%.9 A 
65-year-old woman with one verte-
bral fracture has a one in four chance 
of sustaining another fracture over 5 
years. Treatment can reduce this by 
50%.3 Acute vertebral compression 
fractures may produce significant 
pain that can last weeks to months. 
More commonly, multiple vertebral 
fractures present in a subacute fash-
ion with gradually worsening kypho-
sis, loss of height, and back pain that 

is initially attributed to another cause. 
Ten percent of patients have spinal 
deformities severe enough to cause 
chronic disability.9 These skeletal 
deformities can cause chronic pain, 
loss of height, immobility, and func-
tional impairment, which may lead 
to depression and decreased quality 
of life.9,10 Severe kyphosis may lead 
to respiratory compromise that can 
further impact functional status and 
decrease independence in activities 
of daily living. In addition, vertebral 
fractures correlate with increased 
mortality over time.5,9,10

Hip fractures have the greatest 
risk of disability, institutionalization, 
loss of independence, and death. 
One year after hip fracture, only 
40-79% of patients have returned to 
their prefracture functional status.9 
In addition, hip fractures have been 
associated with > 20% mortality in 
the first year following fracture, usu-
ally due to comorbid conditions.4,11 
Meta-analysis has demonstrated 
that excess mortality after hip frac-
ture persists over time. Compared 
to the control group, people who 
experienced hip fracture had higher 
mortality up to 10 years following 
the event, and the rate of increased 
mortality is greater for men than for 
women in all age groups.10,12 In con-
trast, distal forearm fractures rarely 
cause total disability, but do result in 
pain, loss of function, and increased 
risk of post-traumatic arthritis. 

Definition: Bone 
Strength = Bone Mineral 
Density + Bone Quality

Although the term osteoporosis 
often is used synonymously with low 
bone mineral density (BMD), other 
factors contribute to fracture risk. 
Bone turnover, bone size and shape, 
microarchitecture, and matrix all play 
an important role in determining 
bone strength.13 

The World Health Organization 
(WHO) operating definition of 
osteoporosis is based on bone density 
measurements by dual energy x-ray 
absorptiometry (DXA), and compar-
ing them to a young adult reference 
population.14,15 These measurements 
are reported as T-scores representing 
standard deviations (SD) below or 
above a projected peak bone mass. 
Normal is considered one SD below 
peak bone mass or higher (i.e., ≥ -1). 
Osteoporosis is defined as 2.5 SD 
below peak bone mass or lower (i.e., 
≤ -2.5), and osteopenia lies between 
1.0 and 2.5 SD below peak bone 
mass (See Table 1). DXA measure-
ments also are reported as Z-scores, 
which reference a population of age-, 
ethnicity-, and sex-matched peers. 
A score ≥ 2 SD below the refer-
ence population is considered below 
expected for age and correlates with 
a higher risk of secondary causes 
of osteoporosis. In men younger 
than 50 years and in premenopausal 
women, Z-scores are preferred.16

Bone density measurements by 
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DXA that define osteoporosis and 
osteopenia are associated with certain 
risk categories, but they do not nec-
essarily equate with absolute fracture 
risk. Fracture rates occur along a 
continuum as BMD decreases, and 
with advancing age. Fifty percent of 
low-trauma fractures occur in people 
with bone density measurements in 
the osteopenic or normal range.17 
Furthermore, a diagnosis of osteopo-
rosis may be assigned presumptively 
in anyone who experiences a low-
trauma fracture, regardless of his or 
her bone density measurement. At 
this time there is no single tool to 
measure bone strength, so risk factors 
play an important role in addition 
to bone density measurements when 
assessing individual risk. See discus-
sion regarding modifiable risk factors. 
(See Figure 1.)

Bone Homeostasis and 
Pathophysiology

Bones are composed of a strong 
outer shell known as cortical bone, 
a spongy inner core of trabecular 
(cancellous) bone, and the inter-
cellular matrix, which consists of 

collagen fibers, other proteins, and 
inorganic salts. Bone modeling 
occurring during development is the 
process of bone formation, growth, 
and changes in bone structure. Bone 
acquisition during growth years and 
early adulthood is an important fac-
tor in determining bone strength 
later in life. Skeletal maturation 
occurs approximately by age 30, at 
which time people have attained their 
peak lifetime bone mass. However, 
bones are dynamic organs that 
undergo remodeling throughout 
adult life. Remodeling is the process 
of coordinated resorption and forma-
tion of new bone by osteoclasts and 
osteoblasts, respectively. In young 
adults, the amount of bone resorp-
tion is equal to the amount of new 
bone that is formed. In the third and 
fourth decades, bone resorption and 
reformation starts to become imbal-
anced and bone resorption exceeds 
bone formation. With the onset 
of menopause in women and with 
advancing age in men, this imbal-
ance is exaggerated, leading to an 
increased susceptibility to fracture. 

Remodeling is regulated by several 
circulating hormones, including para-
thyroid hormone (PTH), vitamin D, 
estrogens, and androgens, as well as 
by many locally produced cytokines, 
prostaglandins, and growth factors. 
These local factors exert their influ-
ence by modulating the activation 
of new remodeling sites — a process 
that begins with osteoclast activity 
causing bone resorption, followed 
by new bone formation mediated 
by osteoblasts. Osteoclast activity 
is triggered by osteoblast secretion 
of receptor activator for nuclear 
factor-Κß ligand (RANKL), which 
binds to the osteoclast receptor 
RANK in the final path to osteo-
clast activation. Osteoprotegerin 
(OPG), which is also produced by 

osteoblasts, acts as a decoy receptor-
binding RANKL to inhibit osteo-
clastogenesis. The interplay of these 
three factors modulates most osteo-
clast activity.

Hormonal Regulation of Bone 
Remodeling. Calcium-regulating 
Hormones: The main function of 
PTH is to maintain serum calcium 
concentrations, and its primary target 
is bone. PTH stimulates bone resorp-
tion by inducing the production of 
RANKL by osteoblasts and by inhib-
iting the production of OPG. PTH 
also acts on the kidneys to reabsorb 
calcium; thus, in patients with renal 
dysfunction, calcium reabsorption 
may be less efficient, resulting in 
renal losses of calcium. In addition, 
PTH stimulates renal hydroxylation 
of 25 hydroxyvitamin D to 1,25 
dihydroxyvitamin D (also known as 
calcitriol, the hormonally active form 
of vitamin D). Calcitriol significantly 
increases intestinal calcium and 
phosphorous absorption, promoting 
bone mineralization and increasing 
availability of calcium to other tis-
sues. Adequate levels of vitamin D 
enhance calcium and phosphorous 
absorption by 30-40% and 80%, 
respectively.18,19 Insufficient vitamin 
D will result in less calcium and phos-
phorous absorption, decreased bone 
mineralization, and a compensatory 
rise in PTH causing secondary hyper-
parathyroidism. Vitamin D also has 
direct effects on the skeleton, bind-
ing osteoblast receptors to stimulate 
the expression of RANKL for normal 
bone remodeling. 

Gonadal Hormones: Bone cells 
contain receptors for estrogens and 
androgens, and although sex hor-
mones play a critical role in bone 
development and maintenance, their 
direct effects on bone are not well 
understood. They are crucial for the 
pubertal growth spurt, and estrogen 

Figure 1

Normal bone Osteoporotic  
 bone

Table 1: World Health Organization T-Score Criteria

	 Range	above	or	below	reference	mean	 T-score
Normal < 1.0 SD below > -1.0
Osteopenia > 1.0 SD below, but not more than 2.5 SD below -1.0 to -2.5
Osteoporosis > 2.5 SD below < -2.5

    Abbreviation: SD = standard deviations
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in particular is needed for epiphy-
seal closure in both sexes. Estrogen 
impacts production of RANKL 
and may also impact cell apoptosis. 
Estrogen deficiency contributes 
to bone loss by activation of new 
bone remodeling sites resulting in 
increased bone resorption compared 
to bone formation. 

In men, estrogen is at least as 
important as testosterone in main-
taining bone health, and some stud-
ies have suggested that estrogen 
plays the dominant role. Men benefit 
from the anabolic effects of testoster-
one, which increases bone mass and 
muscle strength. However, studies 
looking at the impact of the natural, 
age-related decline in serum testos-
terone concentration on fracture risk 
have been mixed, and there have 
been other studies demonstrating a 
key role for estrogen in regulating 
bone density in elderly men.20,21

Genetics. Based on twin studies, 
it has been determined that genetic 
determinants are responsible for up 
to 85% of the variation in peak bone 
mass and that there is a significant 
heritable component to age-related 
bone loss.22 The heritability of frac-
ture is less well defined. Family his-
tory of fracture is known to be a risk 
factor for osteoporotic fracture, the 
genetics of which may be due to fac-
tors other than BMD. Determinants 
such as bone geometry, age at meno-
pause, body mass index, muscle 
strength, and biochemical markers 
are likely part of a large, multi-gene 
inheritance. Hundreds of small 
genetic variants called polymorphisms 

have been studied relative to osteo-
porosis and bone loss. Some have 
been shown to have small clinically 
relevant effects, and it is believed that 
regulation of BMD is likely due to a 
complex interaction of the effects of 
multiple polymorphisms in different 
genes. To date, there have been a 
few single-gene mutations identified 
that have profound effects on bone 
health causing rare diseases, such as 
osteogenesis imperfecta and hypo-
phosphatasia, but there are no single 
gene mutations that cause age-related 
osteoporosis.7,22,23

Risk Assessment
The skeletal health of all patients 

should be considered, relative to their 
age and risk factors. Osteoporosis is 
a painless, silent disease that can go 
undetected until a fracture occurs, 
unless people at risk are screened. 
Approximately 80% of people at high 
risk who have already had a fracture 
are not appropriately diagnosed and 
treated for probable osteoporosis.4 
Screening involves risk factor assess-
ment and measurement of bone 
density when indicated. The pres-
ence of risk factors lowers the age 
threshold for obtaining bone density 
measurement. 

Risk Factors. The risk factors 
associated with bone loss may be 
classified into modifiable and non-
modifiable factors (see Table 2) and 
abnormal bone loss may be pri-
mary or secondary. See section on 
osteoporosis prevention and non-
pharmacologic management for more 
about modifiable risk factors. Primary 

osteoporosis may be idiopathic, a rare 
condition that usually presents in pre-
menopausal women, or it occurs as a 
consequence of the natural decrease 
in estrogen associated with female 
aging, and later in life in men as sex-
hormone levels decline. Osteoporosis 
secondary to other conditions, dis-
ease states, or medications accounts 
for approximately 30% of all fractures 
in women and 60-75 % in men.24 
Some of the more common causes 
of secondary osteoporosis include 
glucocorticoid use, inadequate cal-
cium intake, vitamin D insufficiency, 
alcoholism, hypogonadism, chronic 
renal failure, and gastrointestinal and 
nutritional disorders; frequently, mul-
tiple predisposing factors are present. 
For a more complete list of secondary 
causes see Table 3. 

FRAX Fracture Risk Assessment 
Tool: The FRAX calculator is a tool 
that can be used to predict frac-
ture risk (www.shef.ac.uk/FRAX), 
and is referenced by the National 
Osteoporosis Foundation (NOF) in 
its guidelines for osteoporosis treat-
ment. The calculation is country-, 
gender-, and race-specific, and pro-
vides a 10-year projection of prob-
ability of hip fracture alone and of 
any major osteoporotic fracture. The 
calculation is based on femur neck 
T-score as measured by DXA, as 
well as age, gender, body mass index 
(BMI), personal and family history 
of fracture, smoking and alcohol 
use, history of rheumatoid arthritis, 
and glucocorticoid use. Treatment 
is recommended when the 10-year 
probability of hip fracture exceeds 3% 

Table 2: Factors Associated with Increased Risk of Osteoporotic Fracture

Modifiable	 Non-modifiable
> 2 alcoholic drinks/day: 40% ↑ risk4* Age*
Current cigarette smoking*  Female gender: female-to-male ratio of 1.64

BMI < 20 kg/m2 Family history of osteoporosis*
Low peak bone mass Personal history of fragility fracture: 86% ↑ risk4*
Low vitamin D  Ethnicity: Caucasian or Asian
Frequent falls* Glucocorticoid therapy ≥ 3 months
Insufficient dietary calcium Rheumatoid arthritis + other disease states
Poor nutrition Male hypogonadism
Lack of physical exercise Genetic factors

  *Principal BMD independent risk factors



www.ahcmedia.com   Primary Care Reports / Volume 19, Number 4 / April 2013  49

or the risk of any major osteoporotic 
fracture exceeds 20%. The FRAX 
calculator may be particularly useful 
when applied to patients with osteo-
penia and/or risk factors, and the 
need for pharmacotherapy is uncer-
tain. Limitations of the tool include: 

1. It is validated for use only in 
postmenopausal women and men age 
50 years or older. 

2. It cannot be used in patients 
recently on pharmacotherapy (i.e., 
no bisphosphonate for the previous 
2 years, and no estrogen, raloxifene, 
parathyroid hormone, calcitonin, or 
denosumab for the previous 1 year.25) 

3. It does not consider all 
known risk factors, nor the dose 
effects of tobacco, alcohol, and 
glucocorticoids. 

4. It does not incorporate other 
BMD measurements such as lumbar 
spine.26 

Although the tool can be helpful, 
it does not replace clinical judg-
ment and individualized treatment 
decisions. 

Bone Density Measurement. 
Several technologies are available to 
measure BMD. DXA is favored and 
the most widely used. Measurements 
correlate well with fracture risk and 
radiation exposure is low, similar to 
daily background radiation. Other 
available technologies include periph-
eral DXA (pDXA), quantitative ultra-
sonography (QUS), and quantitative 
computerized tomography (QCT), 
none of which can be used to diag-
nose osteoporosis because the WHO 
criteria were established based on 
DXA measurements. pDXA units are 
portable and easily accessible, and 
low T-scores correlate with increased 
fracture risk. However, their use 
is limited by technical differences 
between devices and lack of standard-
ization. pDXA results should not be 
used for routine monitoring or to 
make treatment decisions. Rather 
the results of pDXA should prompt a 
standard DXA scan. 

QUS is portable, free of ionizing 
radiation, less costly than DXA, and 

has been shown to accurately predict 
fracture risk. It measures proper-
ties of bone at peripheral sites; the 
heel has been most tested. However, 
QUS use is also limited by signifi-
cant technological diversity between 
instruments, as well as different mea-
surement and reporting parameters 
that make application to clinical prac-
tice difficult. T-score measurements 
are not equivalent to DXA T-scores 
so they cannot be used to diagnose 
osteoporosis according to the WHO 
classification, and QUS has not been 
shown to be reliable for monitoring 
bone changes over time. However, 
according to the International 
Society of Clinical Densitometry 
Official Positions, QUS may be used 
to identify patients at low and high 
risk for fracture, and it may be used 
in conjunction with risk factor assess-
ment to initiate therapy when DXA is 
not available.27,28 

The main advantage of QCT is 
that it can isolate trabecular bone 
from cortical bone, and might have 

Table 3: Secondary Causes of Bone Loss

Endocrine
Hyperparathyroidism
Hyperthyroidism
Type 1 diabetes
Hypogonadism (primary and  
  secondary)
Cushing’s disease
Hyperprolactinemia 

Nutritional	and	Gastrointestinal	
Disorders
Inflammatory bowel disease
Celiac disease
Cystic fibrosis
Anorexia nervosa and bulimia
Vitamin D deficiency
Calcium deficiency
Chronic liver disease
Malabsorption 
Gastric surgery
Pancreatic insufficiency
Primary biliary cirrhosis

Hemochromatosis	Drugs
Glucocorticoids
 Immunosuppressives (i.e.,  
  cyclosporine, tacrolimus)
Excess thyroid hormone
Anticonvulsants (i.e.,  
  phenobarbital, phenytoin)
PPIs
SSRIs 
Thiazoledinediones 
Aromatase inhibitors
Tamoxifen in premenopausal  
  women
Chemotherapy (i.e.,  
  cyclophosphamide) 
ADT for prostate cancer
GnRH agonists to suppress  
  ovulation
Medroxyprogesterone acetate  
  for contraception
HAART 
Heparin 

Miscellaneous
Rheumatoid arthritis
Organ transplantation
Chronic renal disease
Chronic obstructive pulmonary  
  disease
Sarcoidosis 
Hypercalciuria
Multiple sclerosis
Prolonged immobility (i.e., spinal  
  cord injury, stroke)
Ankylosing spondylitis 
Cystic fibrosis 
Osteogenisis imperfecta
Alcoholism 

Hematologic		Disorders
Sickle cell anemia
Hematologic malignancies
Hemophilia
Thalassemia
Amyloidosis

Abbreviations: PPI = proton pump inhibitors; SSRI = selective serotonin reuptake inhibitors; ADT = androgen deprivation therapy; GnRH = gonadotropin 
releasing hormone; HAART = highly active antiretroviral therapy
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an advantage over DXA in predicting 
fracture risk at the spine. It is associ-
ated with a higher radiation exposure 
than DXA and presently is used pri-
marily as a research tool. 

DXA is the gold standard and may 
be used for screening and diagnosis, 
as well as for prognosis and to moni-
tor therapeutic response. However, it 
also has pitfalls: 

1. There are several different 
types of machines available utiliz-
ing different x-ray sources, different 
calibration, and different reference 
databases. These variables preclude 
comparison of bone density readings 
across instruments. Whenever pos-
sible, repeat DXA scans should be 
performed on the same machine.

2. Disease states such as osteoar-
thritis and scoliosis may falsely elevate 
bone density measurements. 

3. Correct interpretation depends 
on precise anatomical accuracy. 
Lumbar vertebrae must be correctly 
identified, and total hip and femur 
neck measurements require proper 
positioning. 

DXA Screening Interval: Whereas 
general guidelines exist for the tim-
ing of bone density measurements 
in people on pharmacotherapy, data 
guiding the frequency of screen-
ing recommendations are limited. A 
recent study addressing this question 
in untreated women ages 67 years 
and older looked at the time it took 
from baseline BMD measurement to 
development of osteoporosis before 
fracture occurred.29 They found that 

the time varied widely depending 
on baseline T-score. In women with 
normal bone density, the transition 
time was significantly longer than in 
women with advanced osteopenia, 
and this held true when adjusted for 
age, BMI, estrogen use, any fracture 
after age 50, current smoking, gluco-
corticoid use, and rheumatoid arthri-
tis. For example, among women with 
normal bone density and women 
with osteopenia at baseline, less than 
1% and 5%, respectively, transitioned 
to osteoporosis during the 15-year 
study period. This suggests that base-
line T-score may be an important 
factor in determining BMD screening 
interval.30 (See Table 4 and Table 5.) 

Prevention and 
Nonpharmacologic 
Management of Low 
Bone Mass 

Osteoporosis is a complex disease 
that can be significantly impacted 
by certain modifiable risk factors. It 
is important to consider these risk 
factors when counseling about pre-
ventive care as well as in the manage-
ment of low bone mass. 

Nutritional Factors. Calcium: 
Most Americans do not meet the 
recommended daily intake of cal-
cium, whose primary function is in 
the formation of bones and teeth 
(See Table 6). When dietary calcium 
intake is insufficient, supplementation 
is recommended, although absorp-
tion of dietary calcium is superior 

and is therefore preferred (See Table 
7). Among supplements, calcium 
carbonate and citrate are the most 
widely available and the most con-
centrated. Calcium carbonate is the 
least expensive, but requires an acidic 
environment and needs to be taken 
with a meal to ensure optimal absorp-
tion. Calcium citrate may be taken 
without food, and is better absorbed 
in patients with achlorhydria and in 
those taking proton pump inhibitors 
or histamine-2 blockers. Potential 
side effects of calcium supplements 
are primarily gastrointestinal, includ-
ing constipation and dyspepsia, and 
they are contraindicated in individu-
als with hypercalcemia. In addition, 
calcium supplements interfere with 
iron and thyroid hormone absorption 
and therefore should be taken sepa-
rately. Supplementation should not 
exceed 500 mg of elemental calcium 
at one time due to limits of intestinal 
absorption and because of concerns 
regarding potential hypercalcemia, 
nephrolithiasis, and vascular or soft 
tissue deposition of excess calcium — 
concerns that do not apply to dietary 
calcium.38 There is a 20% increased 
risk of renal calculi associated with 
calcium supplementation,39,40 and 
there is mounting concern that cal-
cium supplementation may be asso-
ciated with adverse cardiovascular 
events.40-42 

Vitamin D: Vitamin D is a fat-
soluble vitamin that is essential to 
bone health. Subtherapeutic levels 
have an adverse effect on skeletal 
health and persistent deficiency 
results in rickets (children) and 
osteomalacia (adults). Vitamin D aids 
intestinal calcium and phosphorous 
absorption promoting bone mineral-
ization and is needed by osteoblasts 
and osteoclasts for normal bone 
remodeling. Whereas osteoporosis is 
caused by bone matrix disintegration 
and is generally painless, osteomalacia 
and rickets are caused by defective 
matrix mineralization. Symptoms 
of vitamin D deficiency include 
muscle weakness and increased falls 
in the elderly. Osteomalacia causes 
decreased BMD and may cause gen-
eralized myalgias and bone pain.18 

Baseline	BMD	 Years*
Normal (T score > -1)                                                         16.8
Mild osteopenia (-1.01 to -1.49)                                     17.3
Moderate osteopenia (-1.5 to -1.99)                              4.7
Advanced osteopenia (-2.00 to -2.49)                            1.1

Time to fracture was considerably longer in patients with normal 
or near-normal bone density at baseline. 
*Data adjusted for age, BMI, estrogen use, history of fracture, smoking, glucocorticoid use, and 
rheumatoid arthritis.

Adapted from: Gourlay ML, et al. Bone density testing interval and transition to osteoporosis in 
older women. N Engl J Med 2012;366:225-233.

Table 4: Transition Time to Osteoporosis 
Before Fracture Occurred in 10% of Study Patients29
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Low serum calcium and phospho-
rous, elevated bone-specific serum 
alkaline phosphatase, and decreased 
24-hour urine calcium excretion 
may be observed in patients with 

osteomalacia whereas they are gener-
ally normal in osteoporosis. 

The primary source of vitamin 
D is endogenous skin production 
triggered by exposure to the sun’s 

ultraviolet (UV) rays. Direct sun 
exposure for as little as 10-15 min-
utes per day is generally considered 
sufficient,43 though vitamin D insuf-
ficiency is common particularly in the 

Table 5: Guidelines for Osteoporosis Screening and Treatment

National	Osteoporosis	Foundation	(NOF)31	and	International	Society	of	Clinical	Densitometry	(ISCD)15
Population

• All women > age 65
• All men > age 70
• All adults who have had a fracture after age 50
• All adults with a disease or condition (i.e., rheumatoid arthritis) associated with bone loss
• All adults taking high-risk medication (i.e., corticosteroids) associated with bone loss
• Younger postmenopausal women and men age 50-69 with other risk factors 
• Perimenopausal women with specific risk factors associated with increased fracture risk such as low 

body weight, prior fracture, or high-risk medication
• Those who have had a fracture to determine disease severity
• Anyone being considered for treatment

Treatment
• Anyone with hip or vertebral fractures
• T score < -2.5 at femoral neck or spine by DXA after appropriate evaluation
• Postmenopausal women and men > 50 with T score between -1.0 and -2.5 at femoral neck or spine  

AND 10-year hip fracture probability > 3% or 10-year major osteoporosis-related fx > 20% based on FRAX 
calculation

• Clinical judgment
Testing	Interval

• DXA every 2 years if on pharmacotherapy

U.S.	Preventive	Services	Task	Force	(USPSTF)32
Population

• All women > age 65
• Women < age 65 whose fracture risk is equal to or greater than a 65-year-old white woman who has no 

additional risk factors (i.e., 10-year probability of major osteoporotic fracture > 9.3% )
• Men:  Insufficient evidence to recommend screening

Treatment
• Not Specified

Testing	Interval
• Evidence is lacking

American	College	of	Physicians	(ACP)33,34
Population

• Men at risk
• Not specified for other populations 

	Treatment
• Men and women with known osteoporosis
• Men and women with hx fragility fracture
• Consider pharmacologic tx for men and women at increased risk
• Agent of choice depends on individual risk/benefit assessment

Testing	Interval
• Not specified

Other
• Recommend further research to evaluate treatment of osteoporosis
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elderly and people living in northern 
latitudes. Three to five times lon-
ger sun exposure may be needed to 
attain the same amount of vitamin D 
in people with darker skin complex-
ions.19 Sunscreen worn to protect 
the skin from harmful effects of UV 
rays also blocks vitamin D synthesis. 
In addition, adipose tissue sequesters 
vitamin D and alters its release into 
the circulation, resulting in lower 
serum vitamin D levels in obese 
patients. Few foods are naturally high 
in vitamin D; examples include oil-
rich fish (swordfish, tuna, mackerel, 
salmon, sardines, herring), cod liver 
oil, and egg yolks. 

After comprehensive review, the 
Institute of Medicine Food and 
Nutrition Board issued recom-
mended daily allowances (RDAs) 
for vitamin D assuming minimal sun 
exposure. It concluded that 600 IU 
daily up to age 70 and 800 IU daily 
for ages ≥ 71 was adequate for most 
adults, and that serum 25-hydroxyvi-
tamin D of 20 ng/mL is sufficient 
to maintain adequate bone health.43 
(See Table 6.) Endocrine Society 
Guidelines recommend similar 
intakes, but add that individuals with 
a BMI > 30 kg/m2 and patients on 
medications that increase the catabo-
lism of vitamin D, including anticon-
vulsants, glucocorticoids, antifungals 
such as ketoconazole, and medica-
tions for AIDS take two to three 
times more vitamin D for their age 
group to meet their body’s vitamin D 
requirement.19 

Good nutrition also includes 
maintaining normal weight, treat-
ing eating disorders such as anorexia 

nervosa and bulimia, and attending 
to potential deficiencies associated 
with conditions such as inflammatory 
bowel disease, celiac disease, and his-
tory of gastric surgery. 

Health Habits. Maximizing peak 
bone mass through physical activity 
and adequate calcium intake during 
development is a key factor in deter-
mining bone health in later years. In 
fact, the beneficial impact of athletic 
activity on bone mass is most marked 
during growth years, though regular 
exercise is recommended for people 
of all ages. Tobacco use and excess 
alcohol intake both adversely impact 
bone health. Smokers are at increased 
risk of fracture compared to non-
smokers, and intake of more than 
two drinks per day is associated with 
a 40% increased risk of osteoporotic 
fracture.4 

Other Lifestyle Factors.
Prevention of falls in the elderly: 
90% of hip fractures result from 
falls.4 Physical activity during adult-
hood improves strength and bal-
ance, reduces falls, and may increase 
BMD.44 Factors that increase falls 
include visual impairments, balance 
problems, neuromuscular weakness, 
dementia, and use of sleeping pills. 
The surgeon general recommends 
30 minutes of physical activity on 
most days for all adults.45 The U.S. 
Preventive Services Task Force 
recommends exercise or physical 
therapy and vitamin D supplementa-
tion to all adults aged 65 and older 
who are at increased risk of falls.46 
The Endocrine Society recommends 
vitamin D supplementation for all, 
in usual doses, for fall prevention.19 

In addition, the Centers for Disease 
Control and Prevention and the 
National Institute on Aging recom-
mend medication management and 
monitoring of environmental hazards 
in the home that may increase falls,46 
such as the presence of throw rugs or 
loose electric cords. 

Other considerations include avoid-
ance of drugs that increase bone loss 
whenever possible, and use of preven-
tive pharmacologic therapy to reduce 
the risk of developing osteoporosis in 
selected patients. See Table 8 for med-
ications approved for this purpose. 

Osteopenia, Osteoporosis 
Work-up 

Once osteopenia or osteoporosis is 
diagnosed, initial evaluation should 
include a detailed history and physi-
cal examination with attention to 
potential risk factors and second-
ary causes. History should include 
details regarding chronic diseases, 
medications, alcohol and tobacco 
use, history of falls, and family his-
tory of osteoporosis. Physical exam 
should include assessment of height, 
kyphosis, balance, and mobility, in 
addition to a search for findings sug-
gestive of a secondary cause. Initial 
laboratory evaluation should include 
a serum biochemistry profile (cal-
cium, phosphorous, albumin, total 
protein, creatinine, liver enzymes, 
alkaline phosphatase, and electro-
lytes), 25-hydroxyvitamin D, 1,25 
dihydroxyvitamin D in patients with 
renal failure, thyroid stimulating 
hormone, complete blood count, 
total or free serum testosterone in 
men, and 24-hour urine calcium and 

	 Calcium	 Vitamin	D
Age	Group	 	 Upper	Level		 	 Upper	Level	
(years)		 RDA	(mg/day)	 Intake	(mg/day)	 RDA	(IU/day)	 Intake	(IU/day)
9-18 1300 3000 600 4000
19-50 1000 2500 600 4000
51-70, male 1000 2000 600 4000
51-70,  female 1200 2000 600 4000
> 70 1200 2000 800 4000

Abbreviations: RDA = recommended daily allowance; mg = milligram; IU = international units
Source: Institute of Medicine of the National Academies. Available at: www.iom.edu/Reports/2010/Dietary-Reference-Intakes-for-Calcium-and-
Vitamin-D/Report-Brief.aspx. Accessed March 19, 2013.

Table 6: Dietary Reference Intakes for Calcium and Vitamin D36
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creatinine. Abnormal findings on the 
initial laboratory tests should guide a 
second tier of testing in search of sec-
ondary cause or alternative etiology. 
For example, a finding of elevated 
serum calcium suggests hyperpara-
thyroidism or malignancy; obtaining 
a serum PTH in most cases will dis-
tinguish between them. Elevated uri-
nary calcium (> 300 mg/24 hours) 
may be due to excessive bone turn-
over from hematologic malignancy, 
Paget’s disease, hyperparathyroidism, 
hyperthyroidism, or it may be due to 
renal causes. The differential diag-
nosis of low-trauma fracture includes 
malignancy, osteomalacia, osteogen-
esis imperfect, and Paget’s disease 
(See Table 9). 

Pharmacotherapy
Medications to treat osteoporosis 

may be classified into two groups: 
antiresorptive and anabolic agents. 
Bisphosphonates (alendronate, rise-
dronate, ibandronate, and zoledronic 
acid), raloxifene, estrogen, calcitonin, 

and denosumab all decrease bone 
resorption. Teriparatide is the only 
anabolic agent available in the United 
States. Strontium ranelate, which 
is available outside North America, 
has both antiresorptive and anabolic 
properties (See Table 8).

Bisphosphonates. 
Bisphosphonates are generally 
considered first-line treatment for 
osteoporosis and are available in both 
oral and intravenous formulations; 
intravenous administration provides 
superior bioavailability. They act by 
inhibiting bone resorption by binding 
to calcium hydroxyapatite and inhib-
iting osteoclast function and survival. 
They are approved for both treat-
ment and prevention of osteoporosis. 
The most common side effects of 
oral bisphosphonates are gastrointes-
tinal, and they are contraindicated in 
patients with esophageal dysmotility 
and esophageal strictures or varicies. 
They should be used with caution in 
patients with gastroesophageal reflux 
disease or Barrett’s esophagus. Bone 

pain is also sometimes reported. To 
maximize absorption and minimize 
the risk of esophageal side effects, 
administration guidelines recom-
mend dosing oral bisphosphonates 
in the morning on an empty stomach 
with 8 ounces of water and to wait 
at least 30 minutes (60 minutes for 
ibandronate) before eating, drink-
ing, taking other medications, or 
reclining. Risedronate is also avail-
able in a delayed-release formulation 
that should be dosed immediately 
after breakfast. The main side effects 
of intravenous bisphosphonates 
are flu-like symptoms and arthral-
gias. Prior to infusion 25-hydroxy 
vitamin D level should be checked 
and corrected if less than 15 ng/
mL (37 nmol/L) and adequate cal-
cium intake should be ensured to 
reduce the risk of hypocalcemia. All 
bisphosphonates should be avoided 
in patients with creatinine clearance 
below 30-35 mL per minute.

Complications: There are poten-
tially serious complications of 
bisphosphonate use that frequently 
concern patients and deserve men-
tion. Atypical hip fractures and 
osteonecrosis of the jaw (ONJ) 
both occur rarely and may relate 
to the marked suppression of bone 
turnover associated with bisphos-
phonate use. Older people treated 
for more than 3-5 years with oral or 
intravenous bisphosphonate have a 
small increased risk of low-trauma 
fractures that are “atypical” in their 
location and radiographic appear-
ance. Although there remains some 
controversy over causality, there 
appears to be an association, and 
bisphosphonates carry an FDA-issued 
warning label about atypical frac-
tures.53 Whereas classic osteoporotic 
hip fractures usually occur at the 
femoral neck or intertrochanteric 
region, atypical fractures occur in the 
subtrochanteric region or femoral 
shaft above the distal metaphysis. 
The mechanism of these atypical 
fractures is thought to be inhibition 
of the normal healing process that 
is engaged when physiologic micro-
fractures occur, leading to stress frac-
tures.54,55 Atypical hip fractures may 
be further distinguished from classic 

Food	 Serving	 Calcium	(mg)
Dairy
Milk, nonfat  8 oz 299 
Milk, whole 8 oz 276
Milk, buttermilk 8 oz 282-350
Yogurt, plain low-fat 8 oz 415
Yogurt, fruit low-fat 8 oz 338-384
Mozzarella, part-skim 1.5 oz 333
Cheddar cheese 1.5 oz 325
Cottage cheese, 1% milk fat 1 cup 138

Other	Foods
Sardines, canned in oil, with bones 3 oz 325
Orange Juice, calcium-fortified 6 oz 375
Tofu, firm made with calcium sulfate ½ cup 253
Tofu, soft made with calcium sulfate ½ cup 138
Soy beverage, calcium fortified 8 oz 80-500
Soy Beans, cooked 1 cup 298
Collards, cooked 1 cup 266
Mustard greens, cooked 1 cup 104
Kale, fresh cooked 1 cup 94
Turnip greens, boiled 1 cup 198
Broccoli, boiled 1 cup 62
Figs, dried 2 figs 62

Source: Office of Dietary Supplements; National Institutes of Health

Table 7: Calcium Content of Certain Foods37
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fractures by the frequent occurrence 
of weeks to months of prodromal 
pain. Deep thigh pain associated 
with weight-bearing, which is often 
bilateral, should alert the clinician to 
consider atypical fracture. The abso-
lute risk of atypical fractures is low, 
32 cases per million person-years,55 
and should not impact the decision 
to initiate bisphosphonate therapy in 
individuals at high risk for osteopo-
rotic fracture. However, the selection 
of patients should be individualized 
with assessment of risk:benefit ratio, 
and bisphosphonates should be 
avoided in patients at low risk. The 
use of a drug holiday after 3-5 years 
of treatment in patients with stable 
bone density and no fractures has 
been suggested as a potential mecha-
nism to prevent oversuppression of 
bone turnover.54-56

ONJ is another potential complica-
tion of long-term bisphosphonate 
use. It is rare in osteoporosis patients, 
one case per 10,000-50,000 person 
years, although it occurs in up to 5% 
of cancer patients with skeletal metas-
tases treated for 2-3 years or longer 
with high-dose intravenous therapy.50 
When possible, invasive dental pro-
cedures should be completed before 
initiation of therapy to minimize risk 
of ONJ. 

Other very rare side effects of 
bisphosphonates include uveitis and 
scleritis, which are generally revers-
ible after discontinuation of the 
drug. Eye pain shortly after initia-
tion of the medication should alert 
the prescriber to a possible causal 
relationship.57 

Studies have shown mixed results 
regarding an association between 
atrial fibrillation and the use of 
bisphosphonates in postmenopausal 
women with osteoporosis.58 FDA 
recently conducted its own review 
of the cardiovascular safety data for 
alendronate, zoledronic acid, rise-
dronate, and ibandronate and con-
cluded that the current data do not 
support an association. FDA stated, 
“Health care providers should not 
alter their prescribing patterns for 
bisphosphonates and patients should 
not stop taking their bisphosphonate 
medication.”59

Table 8: Bone Preserving Medications: 
Doses and Effects33,47-52

	 	 Risk	of			 Risk	of		 Risk	of	
	 	 Vertebral		 Nonvertebral	 Hip	
Medication	 Administration*	 Fracture	 Fracture	 Fracture
Alendronate Treatment ↓ 41-70% ↓ 25-39% ↓ 
 10 mg daily  
 or 70 mg weekly  
 Prophylaxis 
 5 mg daily

Risedronate Treatment ↓ 41-70% ↓ 25-39% ↓ 
 5 mg daily,  
 or 35 mg weekly,  
 or 75 mg on two  
 consecutive days,  
 or 150 mg per mo  
 Prophylaxis 
 5 mg daily

Ibandronate Treatment ↓ 40% — —
 1.5 mg daily,  
 or 150 mg monthly,  
 or 3 mg iv every 3 mo  
 Prophylaxis 
 2.5 mg daily,  
 or 150 mg monthly

Zoledronic Treatment  ↓ 70% ↓ ↓ 41%
acid 5 mg iv every 12 mo  
 Prophylaxis 
 5 mg iv every 24 mo

Raloxifene Treatment and  ↓ 40% — —
 Prophylaxis 
 60 mg daily

Estrogen Oral, transdermal  ↓ 33% ↓ 24% ↓ 33% 
 Multiple doses

Teriparatide Treatment  ↓ 65% mixed 
 20 mcg subQ  
 daily x 2 years

Denosumab Treatment and  ↓ 68 % ↓ 20% ↓ 40%
 Prophylaxis  
 60 mg subQ 
 every 6 mo x 3 years

Calcitonin Treatment  ↓ — —
 200 IU intranasal  
 alternating nostrils daily,  
 or 100 IU subQ  
 or im every other day

*Oral administration unless otherwise noted.
Abbreviations: po = oral; im = intramuscular; iv = intravenous; mo = month; subQ = subcutaneous; 
iu = international units
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Duration of Treatment. 
Currently, there is no consensus on 
how long to treat with bisphospho-
nates. Alendronate has been shown 
to be effective for at least 10 years60 
and to have a residual benefit on 
BMD for up to 5 years after discon-
tinuation;61 however, the beneficial 
effects of bisphosphonates start to 
wane as soon as the drug is discon-
tinued. A drug holiday may be con-
sidered after 3-5 years in people with 
stable bone mass who are not at high 
risk. Although there are no formal 
guidelines regarding drug holiday 
with bisphosphonate use, McClung 
et al proposed the following:58

1. In high-risk patients (T-score 
still ≤ -2.5 at the hip, previous frac-
ture of hip or spine, or ongoing high-
dose glucocorticoid therapy), a drug 
holiday is not justified. Re-assessment 
of the need for treatment should be 
conducted at regular intervals.

2. In moderate-risk patients 
(T-score now > 2.5 at the hip and no 
prior hip or spine fracture), a drug 
holiday may be considered after 3-5 
years of alendronate, risedronate, or 
zoledronic acid (no information is 
available for ibandronate and drug 
holidays). The decision to take a drug 
holiday should be individualized and 
the potential risks and benefits dis-
cussed with the patient.

3. In low-risk patients (those who 
did not meet current treatment 
criteria at the time of treatment ini-
tiation), therapy should be discontin-
ued. Treatment should be re-started 
when indications for therapy are met. 

Compliance: Compliance with oral 
bisphosphonates has been suboptimal 
with up to 75% discontinuance dur-
ing the first year of treatment with 
daily therapy. Weekly dosing has 
been associated with only 35-45% 
persistence at 1 year, and compliance 

with monthly dosing has not been 
much better. These findings are con-
sistent with compliance rates for oral 
medications taken for other chronic, 
asymptomatic conditions.62 Reasons 
for noncompliance are varied, with a 
significant proportion due to medi-
cation side effects. Other reasons 
include patients’ perceived risk of side 
effects, perceived lack of medication 
benefit, concerns related to cost and 
convenience, and lack of belief that 
they are at risk for fracture.62 Poor 
compliance increases fracture rate. A 
recent meta-analysis determined that 
the risk of fracture was 46% greater 
in patients with poor bisphosphonate 
compliance compared to patients 
who were highly compliant, and that 
the impact of noncompliance was 
highest for vertebral fractures.63 The 
most effective compliance interven-
tion may be increased time with 
a health care provider; however, 
research has shown that compli-
ance behavior is generally difficult to 
impact.63 Parenteral administration 
of bisphosphonates, first approved 
for postmenopausal osteoporosis in 
2006, provides an alternative strategy 
to improve compliance and, thus, 
treatment outcomes. Ibandronate is 
administered as a quarterly intrave-
nous injection and zoledronic acid is 
administered yearly as an intravenous 
infusion over 15 minutes or longer to 
minimize renal toxicity. Both medi-
cations are approved for prevention 
and treatment of osteoporosis, both 
are highly efficacious, and both have 
similar side effect profiles.49,64 

Comparative Efficacy: All bisphos-
phonates reviewed in this article have 
demonstrated efficacy in preventing 
vertebral fracture and are appropriate 
first-line treatment agents. However, 
only alendronate, risedronate, and 
zoledronic acid also decrease the 
incidence of hip and non-vertebral 
fractures.47,65 Mortality benefit is con-
sistent among the bisphosphonates.65 
Side effect profiles differ with respect 
to oral vs intravenously administered 
bisphosphonates as described above. 
When choosing bisphosphonate 
therapy, decision-making should be 
individualized based on the patient’s 
risks, medical comorbidities, and 

personal preferences regarding dos-
ing strategies. For example, initiat-
ing therapy with ibandronate is not 
appropriate in a patient with a history 
of hip fracture as there is no clini-
cal evidence of its efficacy with hip 
fracture. Intravenously administered 
bisphosphonates have superior bio-
availability and may be useful in a 
patient who fractures while on oral 
bisphosphonate or in a patient who 
has gastrointestinal side effects with 
oral medication. 

Selective Estrogen Receptor 
Modulators. Selective estrogen 
receptor modulators (SERMs) bind 
estrogen receptors (ER) and have 
both estrogen agonist and antagonist 
properties. Raloxifene demonstrates 
estrogen activity in bone and pre-
vents bone loss. It is approved for 
prevention and treatment of vertebral 
fractures in postmenopausal women, 
though it has not been shown to 
decrease non-vertebral fractures.44 
Although raloxifene is less potent 
than other agents, it has the unique 
property of decreasing the incidence 
of ER-positive breast cancer by 
approximately 50-60% and is FDA-
approved for chemoprevention of 
breast cancer in high risk women,66 
which may be an important consider-
ation in some women when choosing 
among antiresorptive treatments. 
Potential adverse effects include 
vasomotor symptoms, increased risk 
of venous thromboembolism, and 
fatal stroke. Tamoxifen, another 
SERM that is used in the treatment 
of ER-positive breast cancer, provides 
some protection against postmeno-
pausal bone loss,67 although it is not 
approved for the treatment or pre-
vention of osteoporosis.

Estrogen. Estrogen, with or 
without progesterone, is effective 
at decreasing the risk of both verte-
bral and non-vertebral osteoporotic 
fractures, even at very low doses.51,68 
Estrogen is FDA-approved for treat-
ment and prevention of osteoporosis. 
However, the risks of combination 
estrogen and progesterone therapy, 
including breast cancer, stroke, 
venous thromboembolism, and pos-
sible coronary artery disease, are 
believed to outweigh the benefits, 

• Malignancy
• Osteomalacia
• Osteogenesis Imperfecta
• Paget’s Disease

Table 9: Differential 
Diagnosis of Low-trauma 
Fracture
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and the U.S. Preventive Services Task 
Force does not recommended hor-
mone therapy for treatment or pre-
vention of osteoporosis.69 In contrast, 
the North American Menopause 
Society recommendations sup-
port the use of hormone therapy in 
women with low bone mass regard-
less of menopausal symptoms for 
fracture prevention when alterna-
tive therapies are not appropriate. 
Preferably, therapy is initiated early 
in menopause when the risk:benefit 
ratio for menopausal hormone ther-
apy is more favorable.70 

Teriparatide. Teriparatide, recom-
binant human 1-34 PTH peptide, is 
the only anabolic agent available in 
the United States for treatment of 
osteoporosis. Although hyperpara-
thyroidism is associated with bone 
loss, teriparatide, when adminis-
tered intermittently, stimulates bone 
formation more than resorption, 
increasing bone mass and improving 
bone microarchitecture. It dramati-
cally decreases the risk of vertebral 
fractures after at least 8 months of 
therapy, although evidence of its 
impact on non-vertebral fractures has 
been mixed. Teriparatide is approved 
for use in men and women and is 
often effective in patients who fail 
treatment with bisphosphonates. 
Treatment termination is followed by 
rapid bone loss that may be mitigated 
by bisphosphonates, resulting in the 
frequent practice of administering a 
bisphosphonate following comple-
tion of a course of teriparatide.50 It 
is administered as a daily subcutane-
ous injection during which patients 
should be monitored for hypercal-
cemia and hypercalciuria. Other 
side effects include nausea, flushing, 
headache, and dizziness. An FDA 
black box warning is issued with 
teriparatide because of its association 
with osteosarcoma in rats. Although 
there is no evidence of increased 
risk of osteosarcoma in humans tak-
ing teriparatide, its use is limited 
to a maximum of 2 years, and the 
drug is contraindicated in people 
with certain conditions including 
Paget’s disease, patients with a his-
tory of skeletal radiation, unexplained 
increased serum alkaline phosphatase, 

hypercalcemia, bone metastases, 
open epiphyses, and other people at 
increased risk for osteosarcoma. 

Denosumab. Denosumab is a 
human monoclonal antibody that 
targets RANK ligand and acts by 
reducing osteoclastogenesis. It binds 
RANKL, preventing activation of its 
receptor RANK, thereby inhibiting 
osteoclast formation and decreas-
ing bone resorption. Denosumab 
improves bone density and decreases 
fracture risk, and is indicated for the 
treatment of postmenopausal women 
at high fracture risk (history of fragil-
ity fracture or having multiple risk 
factors) who have failed other therapy 
and in men on androgen deprivation 
therapy. It is administered as a subcu-
taneous injection every 6 months for 
36 months, and substantially reduces 
the incidence of vertebral, non-
vertebral, and hip fractures. The most 
common side effect is musculoskel-
etal pain, and serious skin infections 
have been reported, though deno-
sumab is generally well-tolerated. It 
is contraindicated in patients with 
hypocalcemia. Long-term safety data 
are not available.52 

Calcitonin. Calcitonin is a syn-
thetic hormone that decreases bone 
turnover by inhibiting osteoclasts. 
It is approved for use in postmeno-
pausal osteoporosis though it is less 
effective than bisphosphonates and 
other available agents and is not con-
sidered first-line therapy. It has been 
shown to decrease vertebral fracture 
rates, but data on its effect on non-
vertebral bone are inconsistent.27 It 
has the unique benefit of decreasing 
acute back pain associated with ver-
tebral fracture. The main side effect 
is rhinitis when it is administered by 
the intranasal route and nausea when 
administered subcutaneously. 

Strontium ranelate. Strontium 
ranelate is approved for treatment of 
postmenopausal osteoporosis outside 
the United States. Its mechanism of 
action is not fully understood but 
appears to have antiresorptive effects 
while maintaining bone formation.71

Monitoring Response  
to Therapy

Monitoring response to 

pharmacotherapy is usually accom-
plished by serial DXA measurements. 
Typically, measurements are taken 
1-2 years after initiation of or change 
in therapy, and periodically there-
after depending on clinical indica-
tions. Another tool with limited use 
is measurement of markers of bone 
turnover (MBT). Certain collagen 
breakdown products that are released 
by osteoclasts and osteoblasts during 
bone remodeling can be measured, 
permitting assessment of bone turn-
over. Whereas they are not useful in 
diagnosing osteoporosis, measure-
ments taken at baseline and again at 
3 to 6 months may provide an early 
assessment of response to treatment. 
Early decreases in MBT correlate 
with anti-fracture efficacy of pharma-
cotherapy. Their clinical usefulness 
is limited by biologic and laboratory 
variability and by lack of standard-
ized guidelines. The most clinically 
relevant bone resorption markers are 
urinary collagen type 1 cross-linked 
N-telopeptide and serum collage type 
1 cross-linked C-telopeptide, while 
bone-specific alkaline phosphatase, 
serum osteocalcin, and the amino 
terminal propeptides of type 1 pro-
collagen are used as markers of bone 
formation. 

Special Populations
Premenopausal Women. Low 

bone density in premenopausal 
women is defined as Z score ≤ 2 on 
DXA15 or having a fragility fracture. 
Screening is not routinely performed 
in these women, so they come to 
medical attention after a fracture 
or when screening is done due to 
the presence of risk factors. Initial 
evaluation is the same as in a post-
menopausal woman with attention 
to a careful search for secondary 
causes. If none is found, it is pos-
sible she never reached optimal peak 
bone mass either due to adverse 
conditions during adolescence, a 
genetically determined low bone 
mass, or a secondary condition that 
contributes to ongoing risk. The cor-
relation between low bone density 
measurement and fracture is weaker 
than in postmenopausal women,16 
and the focus of management is with 
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non-pharmacologic intervention and 
treatments geared toward the under-
lying cause. Antiresorptive therapy in 
premenopausal women has not been 
well studied. Bisphosphonates carry 
an FDA-category C pregnancy rat-
ing (i.e., animal studies have shown 
an adverse effect on the fetus and 
there are no well-controlled studies 
in humans), and the decision to treat 
with medication should be made only 
after careful consideration of individ-
ual risks. Referral to a specialist may 
be considered. 

Men. Although we tend to think 
of osteoporosis as women’s disease, 
men account for approximately one-
third of all osteoporotic fractures 
worldwide,24 and men have higher 
rates of fracture-related mortality.12 
Yet, osteoporosis remains underdiag-
nosed and undertreated in men.20,72 
The most common fracture sites in 
men are the distal radius, proximal 
humerus, hip, and vertebral body. 
Prevalent risk factors include age 
≥ 70, low body weight, previous 
low-trauma fracture, hypercalciuria, 
glucocorticoids, primary and sec-
ondary hypogonadism, vitamin D 
insufficiency, current smoking, excess 
alcohol use, diabetes, hyperpara-
thyroidism, and subclinical hyper-
thyroidism. Compared to women, 
men have a higher rate of secondary 
osteoporosis. In one recent study, 
secondary osteoporosis accounted for 
75% of all men with fractures, many 
of whom had ≥ 4 risk factors.24 The 
diagnosis of osteoporosis in men is 
based on the same WHO T-score 
criteria applied to women, or when 
there is a history of low-trauma 
fracture.20

Drugs FDA-approved for treat-
ment of osteoporosis in men include 
alendronate, risedronate, zoledronic 
acid, and teriparatide, as well as 
denosumab in men on androgen 
deprivation therapy (ADT) for pros-
tate cancer. The Endocrine Society 
recommendations for screening, 
treatment, and monitoring of osteo-
porosis in men is similar to the NOF 
and the International Society for 
Clinical Densitometry. (See Table 5.) 
Additional treatment recommenda-
tions include testosterone therapy in 

men with serum testosterone levels 
below 200 ng/dL and symptoms 
of hypogonadism. For men at high 
fracture risk on testosterone therapy, 
bisphosphonate or teriparatide 
should be added. The guidelines 
recommend monitoring therapy 
with DXA every 1-2 years or less fre-
quently if BMD stabilizes and to con-
sider use of bone turnover markers.21 

Secondary Causes
Many disease states and medica-

tions have been implicated as poten-
tially detrimental to skeletal health. 
For a complete listing see Table 3. 

Glucocorticoids. Glucocorticoids 
at a daily dose of ≥ 5 mg prednisone-
equivalent for ≥ 3 months is the 
most common cause of secondary 
osteoporosis.73 Glucocorticoids exert 
both direct and indirect skeletal 
effects. There is an early transient 
increase in bone resorption fol-
lowed by decreased bone formation 
due to direct inhibitory effects on 
osteoblasts, which continues for the 
duration of treatment.74 Indirect 
effects include decreased intestinal 
calcium absorption, increased urinary 
calcium excretion, and hypogonad-
ism. Glucocorticoids alter parathy-
roid hormone dynamics and oppose 
vitamin D activity. Fracture risk is 
dose-dependent: the higher the dose 
and duration of therapy, the greater 
the risk of fracture. Between 30-50% 
of these patients will experience 
a fracture, often at higher BMDs 
than in postmenopausal osteopo-
rosis.73 Prevention and treatment 
guidelines recommend calcium and 
vitamin D supplementation, fall risk-
assessment, and lifestyle modifica-
tion for all patients, in addition to 
risk stratification based on baseline 
BMD measurement and risk factors. 
In high-risk individuals, guidelines 
recommend initiation of pharma-
cotherapy at BMD T-scores of ≤ 
-1.0 to -1.5, and preventive therapy 
when treatment is anticipated for ≥ 3 
months.75 Agents approved for pre-
vention and treatment of glucocor-
ticoid-induced osteoporosis include 
alendronate, risedronate, zoledronic 
acid, and teriparatide.

Cancer. As cancer has become 

more treatable, there are more 
long-term survivors and people liv-
ing with cancer as a chronic disease. 
Consequently, medical concerns 
related to survivorship are more com-
mon in primary care practice. There 
are several different mechanisms for 
cancer-treatment-associated bone 
loss. Chemotherapy-induced ovar-
ian failure (CIOF), defined as loss 
of ovarian function in premeno-
pausal women, and testicular failure 
in men are known risks of certain 
chemotherapy drugs. Risk varies 
with specific drugs used, cumulative 
doses, and increased age at the time 
of administration. Several classes of 
chemotherapy drugs can cause pre-
mature gonadal failure; most com-
mon are the alkylating agents such 
as cyclophosphamide. Tamoxifen 
given to premenopausal women 
either for treatment or prevention 
of breast cancer may cause modest 
bone loss, although when admin-
istered to postmenopausal women, 
tamoxifen can favorably impact bone 
density. Aromatase inhibitors — such 
as exemestane, anastrozole, and 
letrozole, which are commonly used 
in postmenopausal women with hor-
mone-sensitive breast cancer — cause 
bone loss and modestly increase the 
risk of osteoporotic fracture. The 
degree of risk may be confounded 
by prior breast cancer therapies that 
also increase risk. Orchiectomy and 
ADT used to treat prostate cancer 
increase the risk of osteoporotic frac-
ture in men. Glucocorticoids, which 
are widely used in chemotherapy 
regimens to treat a variety of malig-
nancies, also adversely impact bone 
health. Another at-risk group is adult 
survivors of childhood malignancy, 
usually acute lymphoblastic leuke-
mia, who have a higher incidence of 
osteoporosis. There are several caus-
ative factors: chemotherapy regimens 
that include corticosteroids, aklylat-
ing agents, and radiation to repro-
ductive organs. Survivors of bone 
marrow transplant for Hodgkin’s 
and non-Hodgkin’s lymphomas con-
stitute another group at increased 
risk of osteoporosis due to similar 
mechanisms. Guidelines for screen-
ing and treatment in cancer patients 



58  Primary Care Reports / Volume 19, Number 4 / April 2013  www.ahcmedia.com

are similar to noncancer patients, 
although recommendations for ini-
tiation of pharmacotherapy tend to 
occur at higher T-score thresholds. 
As in noncancer patients, calcium, 
vitamin D, and exercise recom-
mendations should be encouraged 
and other modifiable risk factors 
addressed.76 

Costs
The number of hospitalizations 

involving an injury due to osteoporo-
sis increased 55% from 1995 to 2006, 
when there were more than 254,000 
hospital admissions; 90% were for 
patients 65 years and older, with 
the largest proportion 85 years and 
older.11 The precise cost is difficult 
to assess due to the multiple indirect 
costs involved. A conservative esti-
mate of the direct and indirect costs 
worldwide due to hip fracture alone 
in 1990 was $34.8 billion. This num-
ber is projected to increase to $131.5 
billion by 2050 ($21,000 per patient) 
and does not include costs related to 
other types of fractures.10 

Cost-effectiveness of pharmaco-
logic treatment has been demon-
strated in a broad range of at-risk 
patients: those with fragility fractures, 
those with osteoporosis by WHO cri-
teria, older people at average risk, and 
osteopenic patients with additional 
risk factors including certain high-risk 
conditions.77 Treatment of patients 
at increased risk of fracture with 
pharmacotherapy improves fracture 
rate, decreases morbidity and mortal-
ity, and decreases health care costs.58 
Consider prophylactic treatment of 
patients at increased risk due to the 
presence of other high-risk condi-
tions including patients on long-term 
glucocorticoids, men with osteopenia 
on ADT, patients with inflamma-
tory bowel disease, organ transplant, 
hypogonadism, CIOF, osteopenia 
secondary to hormone therapy for 
breast cancer, gastric bypass surgery, 
cystic fibrosis, growth hormone defi-
ciency, and others. 

Improving the 
Osteoporosis Care Gap 

Despite evidence that instituting 
secondary prevention and treatment 

of osteoporosis can reduce the inci-
dence of future fractures, interven-
tion rates are low in both hospital 
and office-based settings.3,78 In one 
study including 51,346 patients 
admitted to 313 U.S. hospitals for 
hip fracture, only 6.6% received cal-
cium and vitamin D supplements and 
7.3% received pharmacotherapy. This 
compares to 84% of patients who 
received antibiotic prophylaxis before 
surgery and 74% who received pro-
phylaxis for deep venous thrombosis. 
In much the same way that secondary 
prevention management is initiated 
in cardiac patients before hospital 
discharge, appropriate evaluation and 
management may be started before 
a patient leaves the hospital after 
hip fracture.78 Similarly, these tasks 
may be undertaken in the outpatient 
setting, and include BMD testing, 
fall risk assessment, calcium and 
vitamin D recommendations, and 
pharmacotherapy. 

Initiatives are underway to improve 
both primary and secondary preven-
tion in osteoporosis management. 
Several models favor a coordinator-
based “fracture-liaison service” 
incorporating an interdisciplinary 
approach to management. Programs 
that are already operational have 
proven to be both fracture-reducing 
and cost-saving.79-81
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CME Questions
1. Which of the following are principal 

risk factors for osteoporotic fracture 
that are independent of bone mineral 
density?
a. Family history of fragility fracture
b. History of frequent falls
c. More than 2 alcoholic beverages 

per day
d. Age ≥ 50
e. All of the above

2. The Institute of Medicine guide-
lines regarding maximum vitamin D 
dietary supplement is:
a. 2000 IU/day.
b. 4000 IU/day.
c. 5000 IU/day.
d. 50,000 IU week.

3. Which of the following drugs is not 
approved for treatment of osteoporo-
sis in men?
a. Alendronate 
b. Zoledronic acid
c. Ibandronate
d. Denosumab
e. Teriparatide

4. The most common cause of second-
ary osteoporosis is:
a. vitamin D insufficiency.
b. inadequate calcium intake.
c. glucocorticoids.
d. hyperparathyroidism.
e. hypogonadism.

5. The National Osteoporosis 
Foundation recommends screening 
with dual energy x-ray absorptiom-
etry in all of the following except:
a. a healthy 60-year-old woman with 

no risk factors for osteoporosis.
b. a healthy 70-year-old man with 

no risk factors for osteoporosis.
c. a 55-year-old man with rheuma-

toid arthritis.
d. a 48-year-old smoker with body 

mass index of 18 on daily inhaled 
corticosteroids.

6. Which of the following medications 
does not have antiresorptive effects 
on bone?
a. Estrogen
b. Zoledronic acid
c. Denosumab
d. Teriparatide
e. Calcitonin

7. A 45-year-old premenopausal woman 
without a history of trauma is inci-
dentally found to have several tho-
racic vertebral compression fractures 
on x-ray. A likely finding on her DXA 
will be:
a. T-score = -3.0.
b. T-score = 1.0.
c. Z-score = -2.0.
d. Z-score = -1.0.

8. A 50-year-old woman being treated 
for breast cancer with anastro-
zole comes to your office with 
concerns about her bone density. 
Recommendations should include all 
of the following except:
a. calcium intake 1200 mg/day.
b. exercise at least 30 minutes most 

days. 
c. limit alcohol to no more than 2 

drinks per day.
d. vitamin D 600 IU/day.
e. obtain screening DXA at age 65.

In Future Issues: Osteoarthritis
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A Relationship  
Between Nocturia  
and Hypertension

Source: Feldstein CA. J Am Soc Hyper-
tens 2013;7:75-84.

Nocturia could easily be miscon-
strued as a “nuisance” symptom 

since, after all, nobody dies from noc-
turia … or do they? Indeed, urinary fre-
quency and nocturia have been associ-
ated with greater risk for nocturnal falls 
and hip fracture; hence, nocturia can be 
much more than just a nuisance.

Clinicians are used to identifying 
nocturia as a symptom associated with 
benign prostatic hyperplasia, overactive 
bladder, uncontrolled diabetes, uncon-
trolled congestive heart failure, use of di-
uretics, and (less commonly) interstitial 
cystitis. What is only minimally recog-
nized, however, is the emerging observa-
tion that hypertension is associated with 
nocturia.

Several plausible mechanisms can ex-
plain the nocturia/hypertension relation-
ship: hypertension-induced alterations in 
glomerular filtration or tubular transport, 
activation of atrial natriuretic peptide 
from ventricular wall stress induced by 
hypertension, and resetting of the pres-
sure-natriuresis relationship in the kidney, 
to name a few. 

Feldstein indicates that the prevalence 
of nocturia in untreated hypertension pa-
tients may be as high as 33%. Since noc-
turia can be both a burdensome symptom 
and lead to significant morbidity (and 
mortality), clinicians may wish to spe-
cifically inquire about nocturia when en-
countering hypertension patients.   n

Peripheral Artery  
Disease: Helping  
Patients to Walk  
the Walk

Source: Ahimastos AA, et al. JAMA 2013; 
309:453-460.

Currently available treatments for 
peripheral artery disease (PAD) are 

only modestly effective. PAD portends 
increased risk of cardiovascular disease; 
hence, most PAD patients should be re-
ceiving pharmacotherapy with a statin and 
an antiplatelet agent (usually clopidogrel).

Because one of the quality-of-life lim-
iting factors in advanced PAD is disease-
mediated diminution in walking distance 
and walking time, incorporation of phar-
macotherapy to improve these limitations 
is also considered important. Unfortu-
nately, the two FDA-approved treatments 
(pentoxifylline and cilostazol) for symp-
toms of PAD provide only a modest in-
crease in walking distance (25% or less). 
Smoking cessation and exercise advice 
remain critically important, but are too 
often not heeded.

Ramipril is an angiotensin-converting 
enzyme (ACE) inhibitor that has been 
used in numerous major clinical trials, in-
cluding the HOPE trial, ONTARGET trial, 
REIN trial, and others. Use of ramipril is 
usually predicated on 1) its ability to low-
er blood pressure, 2) its ability to improve 
outcomes in congestive heart failure, or 3) 
its ability to improve albuminuria.

Based on results seen in a small pilot 
trial that suggested favorable results of 
ramipril on treadmill time in subjects with 
PAD, Ahimastos et al performed a larger 
randomized clinical trial (n = 212). 

At the conclusion of the 6-month trial 
of ramipril 10 mg/day vs placebo, pain-
free walking time had increased by more 
than 50% in the ramipril group, but only 
10% in the placebo group.

Although the mechanism for im-
proved function is speculative, it has 
been noted that ACE inhibitors increase 
skeletal muscle blood flow; indeed, this 
has been the mechanism to which im-
proved insulin sensitivity in diabetics 
has been attributed. Ramipril may offer 
a new avenue to improve functionality in 
patients with PAD.   n

Long-Term Functional 
Outcomes After  
Localized Prostate 
Cancer Treatment

Source: Resnick MJ, et al. N Engl J Med 
2013;368:436-445.

When prostate cancer is localized, 
either radical prostatectomy (RPT) 

or external beam radiation (EBR) can of-
ten be curative. The adverse effect profile 
of these two interventions, however, may 
be meaningfully different and such differ-
ences might also be time-dependent.

Resnick et al studied men (n = 1164) 
from the Prostate Cancer Outcomes 
Study who had been enrolled between the 
ages of 55-74 and had localized prostate 
cancer. More than 80% of the men had a 
Gleason score of 7 or less. The prevalence 
of urinary incontinence (UI) and erectile 
dysfunction (ED) were compared among 
these men at years 2, 5, and 15.

Prostatectomy subjects were five to six 
times more likely to have incontinence at 
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2 years and 5 years than EBR subjects. 
Similar disadvantage was seen in the 
prevalence of ED (two- to four-fold in-
creased incidence in the RPT group). At 
the 15-year conclusion of their observa-
tions, no differences between groups re-
mained. However, one would anticipate, 
for instance, a substantial incremental 
increase in ED as men age with or with-
out intervention; hence, the fact that be-
tween-group differences are eliminated 
by 15 years provides little solace for the 
men who suffer the adverse effects in the 
interim!   n

The Word ‘GPR40 
Modulator’ May Soon 
be Entering  
Our Vocabulary

Source: Basu A, et al. Diabetes Care 
2013;36:185-187.

The search for safe and effective 
agents to treat type 2 diabetes (DM2) 

continues, with hypoglycemia often be-
ing a limiting adverse effect of otherwise 
highly efficacious agents.

It has been observed that free fatty ac-
ids (FFA) play a role in glucose homeo-
stasis, although the story line is complex. 
Acutely, elevations of FFA stimulate beta 
cell secretion of insulin. Chronic FFA el-
evations result in an impaired insulin re-
sponse to high glucose levels, a phenom-

enon known as lipotoxicity. 
The mechanism by which FFA im-

pacts insulin secretion has been elegantly 
worked out and includes the G-protein-
coupled receptor (GPR40). Because GPR 
is involved not only in insulin secretion, 
but also plays a role in obesity and dys-
lipidemia, its potential as a multimodal 
intervention has looked promising.

Studies in humans have shown that 
GPR40 agonists live up to the expecta-
tion that they lower glucose, with a very 
low risk of hypoglycemia. For instance, a 
head-to-head comparison with the sulfo-
nylurea glimepiride found hypoglycemic 
episodes to be six-fold lower with the 
GRP40 agonist. 

In an era of a burgeoning population 
of DM2 patients, we look forward to the 
addition of pharmacotherapies that safely 
complement our current options.   n

A More Effective  
Regimen for H. pylori 
Eradication

Source: Liou JM, et al. Lancet 2013;381: 
205-213.

In the united states, peptic ulcer dis-
ease is caused primarily by two cul-

prits: nonsteroidal anti-inflammatory 
drugs and Helicobacter pylori (and their 
combination). Evolution of pharmaco-
therapy for H. pylori currently employs 
combinations of amoxicillin (AMOX), 
metronidazole (METR), clarithromycin 
(CLAR), and a proton pump inhibitor 
(PPI). Unfortunately, over time H. pylori 
eradication rates with such regimens have 
fallen to as low as 80% or less. Is there a 
better way?

Liou at al randomized H. pylori-pos-
itive Taiwanese adults (n = 900) to one 
of three regimens — 1) Sequential 10 
days: PPI + AMOX for 5 days followed 
by PPI + CLAR + METR for 5 days; 2) 
Sequential 14 days: PPI + AMOX for 7 
days followed by PPI + CLAR + METR 
for 7 days; or 3) Standard 14 days: PPI 
+ AMOX + CLAR for 14 days. The PPI 
used in this clinical trial was lansoprazole.  

Adverse effect profiles of the three regi-
mens were similar. Eradication rates were 
statistically significantly higher using se-
quential regimens (10 days = 87%, 14 days 
= 91%) than in standard regimens (82%). 

Reflecting an increased recognition of 

problematic CLAR resistance at the end 
of the initial comparison trial, treatment 
failures from each regimen were assigned 
to receive an additional 14-day sequential 
course of treatment in which levofloxacin 
was substituted for CLAR. Eradication 
rates from this “rescue” population (re-
gardless of which initial regimen they had 
received) were 80%. 

Based on this large dataset, the authors 
suggest that sequential treatment regi-
mens should become first line.   n

Uric Acid: How Much 
of a Bad Guy?

Source: Rosendorff C, et al. J Clin Hyper-
tens 2013;15:5-6.

Uric acid (ura) has become the object 
of intense scrutiny of late, with more 

than its share of accusations linking it to 
hypertension and heart disease. The rela-
tionship between URA and gout is incon-
trovertible, though not necessarily univer-
sal. That is, in persons who develop gout, 
risk of future attacks is definitely related 
to absolute URA plasma levels. However, 
among persons without gout, elevations of 
URA appear to be well tolerated without 
evident toxicity in most: In asymptomatic 
adults with URA levels > 9.0 mg/dL, only 
about 5% per year go on to manifest acute 
gout. 

The association of URA with hyper-
tension, myocardial infarction, and even 
congestive heart failure is acknowledged. 
Whether this relationship is causal, and 
if a causal relationship is determined, 
whether lowering of URA will be benefi-
cial remains to be determined. Remember 
the enthusiasm attendant to the recognition 
that homocysteine was associated with 
cardiovascular disease, heightened by the 
assurance that lowering homocysteine was 
simple and safe (B vitamins and folate), 
soon thereafter torpedoed by the interven-
tional trials that failed to show improved 
outcomes in subjects whose homocysteine 
levels were reduced? 

Despite the growing enthusiasm for 
criminalizing URA, we still do not have 
a large randomized, controlled trial indi-
cating that modulation of URA improves 
hard endpoints. Until then, since all medi-
cations that reduce URA have their own 
bundle of potential misadventure to con-
sider, we should watch and wait.   n
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Is This the End of the Road for Calcium Supplementation?

This supplement was written by William T. Elliott, MD, FACP, Chair, 
Formulary Committee, Kaiser Permanente, California Division; As-
sistant Clinical Professor of Medicine, University of California-San 
Francisco. In order to reveal any potential bias in this publication, we 
disclose that Dr. Elliott reports no consultant, stockholder, speaker’s 
bureau, research, or other financial relationships with companies 
having ties to this field of study. Questions and comments, call: 
(404) 262-5404. E-mail: neill.kimball@ahcmedia.com.

In this issue: Calcium supplementation in 
women; type 2 diabetes treatments and pancreati-
tis risk; treating chronic idiopathic urticaria; rivar-
oxaban and VTE; and FDA actions.

High calcium intakes in women 
Another study suggests that calcium supple-

mentation may lead to excess all-cause mortality 
and cardiovascular disease in otherwise healthy 
women. Researchers studied more than 61,000 
Swedish women for 19 years. Diet and calcium 
intake, including calcium supplementation, were 
assessed with the primary outcome being death 
from all causes and cause-specific cardiovascu-
lar disease, ischemic heart disease, and stroke. 
Higher dietary intake of calcium (> 1400 mg/day) 
was associated with a higher death rate from all 
causes compared to intake between 600-1000 mg/
day (hazard ratio [HR], 1.40; 95% confidence 
interval [CI], 1.17-1.67). Higher calcium intake 
was also linked to increased risk of cardiovascu-
lar disease (HR, 1.49; CI, 1.09-2.02) and isch-
emic heart disease (HR, 2.14; CI, 1.48-3.09). 
There was no higher risk of stroke. Intake of 
calcium in tablet form > 1400 mg/day was associ-
ated with 2.5 times greater risk of death from all 
causes (HR, 2.57; CI, 1.19-5.55). The authors 
conclude that higher intakes of calcium in women 
are associated with higher death rates from all 
causes as well as increased rates of cardiovascular 
disease but not stroke (BMJ published online Feb. 
13, 2013. DOI: org/10.1136/bmj.f228). Previous 
studies have focused more on stroke risk associ-
ated with calcium showing mixed results. This 
well-done study, along with previously published 
data from the Women’s Health Initiative, pro-
vides ample evidence to rethink calcium supple-

mentation for the 60% of middle-aged and older 
American women who are regular users of cal-
cium supplements. The U.S. Preventive Services 
Task Force came to the same conclusion (even 
before this study was published) with publica-
tion of updated guidelines in February stating 
that “current evidence is insufficient to assess the 
balance of the benefits and harms of combined 
vitamin D and calcium supplements for the pri-
mary prevention of fractures in postmenopausal 
women or men.” They further state there is no 
evidence to support use of more than 1000 mg of 
calcium and 400 mcg of vitamin D per day and 
recommends against using doses lower than 1000 
mg of calcium and 400 mcg of vitamin D. Their 
rationale is that supplementation does not reduce 
fracture risk but does increase the risk of renal 
stones in otherwise healthy women. This does 
not apply to women with osteoporosis or vitamin 
D deficiency (Ann Intern Med, published online 
Feb. 26, 2013).   n

Diabetes therapies and pancreatitis risk
Glucagonlike peptide 1 (GLP-1) mimetics 

(e.g., analogs of GLP-1 and dipeptidyl peptidase 
IV inhibitors) used for the treatment of type 2 
diabetes might increase the risk of pancreatitis, 
according to a recent population-based, case-con-
trol study. Using a large population database of 
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type 2 diabetics, 1269 cases of acute pancreatitis 
were identified and those patients were matched 
with 1269 controls with similar risk factors (age, 
sex, diabetes mellitus complications, etc). After 
adjusting for available confounders, current use 
of GLP-1 based therapies (exenatide [Byetta] and 
sitagliptin [Januvia]) more than doubled the risk 
for acute pancreatitis (adjusted odds ratio 2.24, 
95% CI, 1.36-3.68). The authors state that “Our 
findings suggest a significantly increased risk of 
hospitalization for acute pancreatitis associated 
with the use of sitagliptin or exenatide among 
adult patients with type 2 diabetes mellitus” 
(JAMA Intern Med published online Feb. 25, 
2013. DOI: 10.1001/jamainternmed.2013.2720). 
Both drugs already carry a boxed warning 
regarding pancreatitis.   n

Omalizumab for idiopathic urticaria 
Chronic idiopathic urticaria is one of the 

most frustrating entities to treat as many 
patients do not respond to antihistamines, even 
in high doses. Now, a new study suggests that 
omalizumab (Xolair), an IgE monoclonal anti-
body used to treat asthma, may be effective in 
these patients. Patients with moderate-to-severe 
chronic idiopathic urticaria (n = 323) were ran-
domized to SQ injections of omalizumab every 
4 weeks for three total injections at doses of 75 
mg, 150 mg, 300 mg, or placebo. The primary 
outcome was itch-severity score. The 75 mg 
dose was no better than placebo, but the two 
higher doses showed significant reductions in 
itching, with the 300 mg dose being the most 
effective. The higher dose was also associated 
with the highest risk of side effects, however, 
at about 6%. The authors conclude that omali-
zumab was effective in these patients who were 
previously symptomatic despite antihistamines. 
The study was sponsored by the drug manufac-
turers Genentech and Novartis Pharma (N Engl 
J Med published online Feb. 24, 2013. DOI: 
10.1056/NEJMoa1215372).   n

Rivaroxaban for VTE prevention  
Rivaroxaban, the oral Xa inhibitor, is as 

effective as enoxaparin in preventing venous 
thromboembolism (VTE) in patients with acute 
medical illnesses, but with a higher risk of bleed-
ing, according to a new study. More than 8100 
acutely ill hospitalized patients were randomized 
to 10 days of enoxaparin 40 mg SQ daily or 35 

days of rivaroxaban 40 mg orally with matching 
placebos. The primary outcome of asymptom-
atic or symptomatic VTE occurred in 2.7% of 
patients in both groups by day 10. By day 35, 
the rates were 4.4% for rivaroxaban and 5.7% 
for enoxaparin (P = 0.02). However, the bleed-
ing rate was more than double in the rivaroxaban 
group at day 10 (2.8% vs 1.2%, P < 0.001) and 
even higher at day 35 (4.1% vs 1.7%, P < 0.001). 
The authors conclude that rivaroxaban was 
noninferior to enoxaparin for standard duration 
thromboprophylaxis (10 days) and reduced the 
risk of VTE at 35 days with an increased risk of 
bleeding (N Engl J Med 2013;368:513-523).   n

FDA actions
A new selective estrogen receptor modulator 

(SERM) has been approved for the treatment of 
dyspareunia due to vulvar and vaginal atrophy 
in postmenopausal women. Ospemifene appears 
to benefit vaginal epithelium without significant 
effect on the endometrium. The drug’s safety and 
efficacy was established in three clinical trials of 
nearly 1900 postmenopausal women with vulvar 
and vaginal atrophy who were randomly assigned 
to ospemifene or placebo. After 12 weeks, the 
first two trials showed statistically significant 
improvement in dyspareunia while the third trial 
supported the long-term safety of the drug. The 
drug is contraindicated in women with genital 
bleeding, estrogen-dependent cancer, or thrombo-
embolic disease. The risk of stroke and VTE was 
higher than baseline but lower than the rates seen 
with estrogen replacement therapy. Ospemifene 
comes with a boxed warning regarding endome-
trial hyperplasia and abnormal vaginal bleeding. 
Common side effects include hot flashes, vaginal 
discharge, muscle spasms, and sweating. It will be 
marketed by Shionogi Inc. as Osphena.

The FDA has approved ado-trastuzumab 
emtansine for use as a single agent in patients 
with late-stage, HER2-positive breast cancer. The 
drug is approved for patients who have already 
been treated with trastuzumab and taxane sepa-
rately or in combination. Approval was based on 
a study of nearly 1000 women with metastatic 
breast cancer in which progression-free sur-
vival was about 3 months longer with the drug 
compared to lapatinib plus capecitabine, and 
overall survival was about 6 months longer. Ado-
trastuzumab emtansine is marketed by Genentech 
as Kadcyla.   n


