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steoporosis is characterized 
by low bone mass and mi-
croarchitectural deteriora-
tion of bone tissue, leading 
to bone fragility and in-

creased fracture risk.1 Before fracture occurs, 
osteoporosis is a silent disease, but methods 
to screen, diagnose and treat osteoporosis are 
available. It is thus crucial that individuals at 
risk be assessed and treated if needed.

Increased understanding of bone loss in 
osteoporosis continues to improve care of 
patients and underlies drug development.2 

Bone remodeling (turnover) is a lifelong 
process in which osteoclasts remove (resorb) 
old bone and osteoblasts form new bone 
in a coordinated and continuous fashion. 
However, incomplete replacement of old 
bone with new bone occurs with certain 
diseases and with aging. Net loss with each 
cycle, in conjunction with a higher rate of 
bone turnover, reduces bone density. Higher 
bone turnover also increases fracture risk 
independent of bone density.

Osteoporotic fractures are increasing 
worldwide as the population ages, with 
substantial human, economic and social 
costs. More than 2 million fractures each 
year in the US are attributed to low bone 
mass, including 300,000 hip fractures and 
550,000 vertebral fractures.1,3 Osteoporotic 
fractures can lead to chronic pain, lack of 
independence, institutionalization or even 
death. Direct annual costs of osteoporosis 
were estimated at $19 billion for 2005, with 
an increase to $25.3 billion by 2025.1 

Osteoporosis strikes not only women, 
as 20% of those affected are men.1,3-6 The 
lifetime hip fracture risk for a 50-year old 
woman is estimated at 11.4%, with a 3.1% 
risk for the 50-year old man. Advancing age 
greatly increases risk, with a 10-year fracture 
risk approximately 15 to 30 fold higher for 
the 80-year old than the 50-year old. All 
ethnic groups are affected, including whites, 
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Objectives
At the conclusion of this activity, the pharmacists should be able to:

•	 List five key risk factors for osteoporosis

•	 Describe three groups of persons who should be offered bone density testing 
according to the National Osteopororis Foundation

•	 List five laboratory tests useful in assessing the patient with osteoporosis

•	 Explain what the FRAX tool is and how to use it

•	 Differentiate among the following with respect to major points regarding 
mechanism of action, patient choice, efficacy and toxicity: oral and  
intravenous bisphosphonates, raloxifene, calcitonin, teriparatide



30  JPSW March/April 2010

Native American, Hispanics and Asians, 
although African-American individuals are 
at lower risk.1 

Improved recognition and care of those at 
increased risk are needed, as well as implemen-
tation of preventive strategies for all persons. 
Straightforward, evidence-based guidelines 
for preventing, assessing and evaluating 
osteoporosis have been widely disseminated 
and numerous effective treatment options are 
available to reduce fracture risk.1,2,7 Despite 
this, only a fraction of people deserving of 
testing and treatment undergo such, even 
those at very high risk.1,3-6,8-10 In the National 
Osteoporosis Risk Assessment study includ-
ing more than 200,000 women at least 50 
years of age, 11% had a previous fracture of 
the wrist, rib, hip or spine, but had never been 
diagnosed or treated to prevent subsequent 
fractures.8 Male osteoporosis is also underap-
preciated. Most men who have had a fracture 
are never treated for osteoporosis, although 
one-third of hip fractures occur in men.4-6

Prevention, recognition and management 
of osteoporosis requires a multidisciplinary 
approach, including physicians and nurse 
practitioners, nurses, physical therapists, 
nutritionists and pharmacists. Pharmacists 
currently play limited but important 
and increasing roles in osteoporosis 
prevention and management. This paper 
will describe current elements regarding 

prevention, recognition 
and management of 
osteoporosis. These are 
areas where pharmacists 
can play important roles, 
not only pertaining to 
drug therapy but in other 
aspects of care as well.

PREVENTION
Peak bone mass is strongly 
and inversely correlated 
with lifetime fracture 
risk.3,11 Sixty to seventy 
percent of peak bone 
mass is inherited, resulting 
from modest contribu-
tions from many genes.12 
Environmental, iatrogenic 
and modifiable risk fac-
tors throughout life also 
contribute importantly to 
bone density and fracture 
risk. The cornerstone of 
bone health is a healthy 

lifestyle. A physically active lifestyle, good 
nutrition, adequate vitamin D and calcium 
intake and avoidance of tobacco and excess 
alcohol are all important for bone health.13-17 

Weight-bearing activity helps maintain 
bone density, an effect mediated through 
specialized bone cells (osteocytes) which 
respond to the magnitude of stress and strain 
which are increased with physical activity and 
weight-bearing.18 Persons who become bed-
bound lose bone, as do those who undergo 
substantial weight loss,19 whereas regular 
exercise can increase hip and spine bone 
density.17 The Surgeon General’s Report on 
Bone Health and Osteoporosis recommends 
strength and weight-bearing activities in addi-
tion to 30 minutes per day of regular exercise20 

and the National Osteoporosis Foundation 
(NOF) suggests weight-bearing exercises such 
as walking, jogging, Tai-Chi, stair climbing, 
dancing and tennis.1 Frail or osteoporotic 
persons should check with their doctor before 
starting a vigorous exercise program. 

Falls risk increases with age and contrib-
utes heavily to fractures.1 Nine percent of 
falls in those over age 65 lead to a visit to 
the emergency room and 5-6% result in a 
fracture.21 Key risk factors for falls are gait 
and balance disorders, visual and cognitive 
impairment and psychotropic medications, 
but regular physical activity can reduce falls 
risk. Recent reviews are available on the topic 

of falls, including prevention and relationship 
to fracture risk.22,23  

Vitamin D adequacy is essential for bone 
health and its role in numerous aspects of 
health, including falls prevention, muscle 
function, cancer prevention, cardiovascu-
lar health and others, are receiving much 
attention.24-27 Just how much vitamin D is 
required for fracture prevention has been a 
matter of intense debate. A recent meta-anal-
ysis demonstrated that in subjects receiving 
more then 400 units daily (n=31,872) there 
were significant 20% and 18% reductions 
in nonvertebral fractures and hip fractures, 
respectively.28 Supplemental vitamin D of 
at least 700 units daily significantly reduced 
fall risk by 19% in pooled studies of 1,921 
subjects and those who achieved serum 
25-hydroxyvitamin D concentrations of 24 
ng/mL or more experienced a 23% reduc-
tion in falls.21 Although 800-1,000 units for 
the average older patient is recommended 
by NOF and other authorities, a gathering 
consensus is that many people need 2,000 
units or more daily.29,30 

Some foods are fortified with vitamin D 
and a few foods contain some vitamin D 
naturally, but even so, achieving vitamin D 
sufficiency through diet alone is difficult.29-31 
Most vitamin D is obtained through casual ex-
posure to sunlight. Persons who stay indoors, 
wear sunscreen or wear religious garb that 
covers the skin are more likely to be vitamin 
D deficient and have lower bone density. Table 
1 lists sources of vitamin D.31,32 

Calcium is a major constituent of bone 
and serves as a reservoir to help maintain 
blood calcium.33 With insufficient calcium 
intake, bone turnover is increased and leads 
to bone loss, especially in older persons. NOF 
recommends that adults under age 50 receive 
1,000 mg of calcium daily through diet and/
or supplements and adults age 50 and over 
receive 1,200 mg of calcium daily.1 

Smokers have lower bone density and 
higher fracture incidence than non-smokers 
and heavy alcohol use (three or more drinks 
daily) is associated with bone loss, with falls 
and other alcohol-related accidents also adding 
to fracture risk.15,16 

DISEASES, DRUGS, OTHER  
RISK FACTORS
Risk factors influence the decision to measure 
bone density and whether to start antiresorp-
tive therapy. Risk factors shed light on the 
possible etiology of osteoporosis including the 
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Table 1. Sources of Vitamin D 31,32 

Source Approx. vitamin D content

 Fortified sources
Cereal  100 IU per serving
Milk*  100 IU per 8 oz
Fortified orange juice  100 IU per 8 oz

 Nonfortified food sources
Mackerel (canned)  250 IU per 3.5 oz
Salmon (canned)  300 to 600 IU per 3.5 oz
Salmon (fresh, farmed)  100 to 250 IU per 3.5 oz
Salmon (fresh, wild)  600 to 1,000 IU per 3.5 oz
Sardines (canned)  300 IU per 3.5 oz
Tuna (canned)  230 IU per 3.6 oz

 Vitamin D supplements
Vitamin D2 (ergocalciferol)  50,000 IU per capsule
Vitamin D2 (ergocalciferol) liquid**  8,000 IU per mL

Over-the-counter supplements

Vitamin D3 (cholecalciferol)   
per capsule Multivitamin                        

 400, 800, 1,000, 2,000 or  
 5,000 IU per capsule or  
 tablet 400-1,000 IU each

Fortified foods and natural sources listed contain vitamin D3
*All USA milk (whole, skim, chocolate) is fortified with 100 units vitamin D3 per 8 oz
**Brand name Drisdol
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presence of secondary causes (e.g., the 50-year 
old man with osteoporosis secondary to celiac 
sprue). Table 2 lists risk factors associated with 
osteoporosis and fracture.1 Although some 
are not modifiable, many can be addressed, 
including smoking, nutrition, physical activity 
and calcium and vitamin D status. 

MEASURING BONE DENSITY
Bone mineral density (BMD) of the hip 
and spine is measured by dual-energy x-ray 
absorptiometry (DXA). Measurement of 
an individual’s BMD should be based on 
factors affecting his or her risk of fracture, 
including age, gender and presence of other 
factors that add to risk. Even for persons 
considered to be at high risk, measurement 
is not indicated if such measurement will not 
have an influence on patient management.1 
Recommendations for bone density testing 
are provided by the NOF,1 the North Ameri-
can Menopause Society34 and the American 
College of Physicians.35 Table 3 (page 32) 
provides indications for testing based on 
NOF recommendations.1 

DIAGNOSIS
Diagnosis of osteoporosis is made through 
measurement of BMD at the hip and spine 
and is based on a T-score derived from BMD. 
A patient’s T-score at a given skeletal site is 
the number of standard deviations above or 
below the mean BMD for young healthy 
individuals of the same gender. A T-score 
between -1 and -2.5 represents osteopenia 
and, if below -2.5, represents osteoporosis.1 
But what if the person has had a fragility 
fracture from trauma that would not cause 
a normal bone to fracture or from a force 
equal to or less than that resulting from a fall 
from standing height? A clinical diagnosis of 
osteoporosis may be made in the presence of 
a fragility fracture without the use of BMD 
measurement if other findings do not suggest 
a different diagnosis (such as osteomalacia 
or hyperparathyroidism).36,37 

Although BMD and T-scores are very 
helpful, there has been a need to consider 
additional elements that strongly influence 
the patient’s risk and to use this informa-
tion to predict absolute fracture risk. This 
would help the clinician in decision-making 
and better inform the patient as to his or 
her risk of fracture.38 The FRAX tool has 
addressed this issue and has facilitated treat-
ment decisions that can be individualized 
to the patient.39

 

Table 2. Conditions and Diseases that Cause or  
Contribute to Osteoporosis1

Lifestyle and related factors

 Low calcium intake 

  Low body mass index Alcohol (3 or more drinks/day)

  Falling Inadequate physical activity

  Smoking Excess aluminum (in antacids)

  Vitamin D insufficiency/deficiency 

 Excess vitamin A

  High caffeine intake

Genetic disorders

   Cystic fibrosis Osteogenesis imperfecta

 Hypogonadal states

   Hyperprolactinemia Anorexia nervosa and bulimia

   Decreased testosterone Panhypopituitarism

   Athletic amenorrhea Premature ovarian failure

 Endocrine disorders

  Cushing’s syndrome Adrenal insufficiency

  Hyperparathyroidism Diabetes mellitus (type 1)

  Thyrotoxicosis

 Gastrointestinal disorders

  Malabsorption Pancreatic disease

  Inflammatory bowel disease Gastric bypass

  Celiac disease

 Hematologic disorders

  Multiple myeloma Sickle cell disease

  Leukemia and lymphomas

 Miscellaneous conditions

  Rheumatoid arthritis Depression

  Emphysema Post-transplant bone disease

  Epilepsy Multiple sclerosis

  End stage renal disease Prior fracture as an adult

  Other rheumatic and autoimmune diseases

 Medications

  Lithium Parenteral nutrition

  Aromatase inhibitors Depo-medroxyprogesterone

  Anticonvulsants Cyclosporine A and tacrolimus

  Cancer chemotherapeutic drugs Anticoagulants (heparin)

  Glucocorticoids (≥5 mg/day of prednisone for ≥3 mo) Gonadotropin releasing hormone agonists
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FRAX is an algorithm which estimates 
absolute fracture risk and is found online 
at http://www.shef.ac.uk/FRAX/.40 The 
FRAX tool incorporated data from more 
than 275,000 individuals in many countries, 
including demographics, lifestyle, medical 
conditions, medication use, bone density 
and fractures. From this data, a set of easily 
identifiable clinical risk factors which con-
tributed heavily to fracture risk were derived 
and are shown in Table 4.1, 39-41 The FRAX 
calculation tool uses these clinical risk factors 
and BMD at the femoral neck, when avail-
able, to calculate the predicted 10 year risk 
for hip fracture and for major osteoporotic 
fracture (clinical spine, forearm, hip or shoul-
der fracture). Recommendations to consider 
treatment depend on these calculated risks 
for fracture, but in addition encompass 
pharmacoeconomic considerations which 
are country-specific. Recommendations to 
consider treatment for an individual in the US 
are based on factors as listed in Table 4.1, 39-41 

LAB ASSESSMENT
Laboratory assessment is essential to rule 
out secondary causes for bone loss, probe 
etiology and guide monitoring of therapy. 
Table 5 presents the more commonly used 
laboratory tests, largely based on numerous 
osteoporosis guidelines.1,34-37,42-47 Several of 
these tests deserve further comment. 

Measurement of 25-hydroxyvitamin D is 
necessary to assess vitamin D status and to 
monitor treatment with vitamin D. Although 
1,25-dihydroxyvitamin D is the active form 
of vitamin D, its measurement is very rarely 
needed (although often ordered inadver-
tently). Because it has a short half-life and is 
influenced by PTH, calcium, phosphorus and 
other factors, it does not accurately represent 
body stores of vitamin D and its concentration 
may be normal in vitamin D deficiency and 
also in vitamin D intoxication.46

Very occasionally, bisphosphonate use may 
cause or exacerbate hypocalcemia, but this is 
rare and unlikely to be symptomatic. Blood 
calcium should be measured before treatment 
is begun and blood calcium normalized if 
necessary before treatment. For such patients, 
periodic monitoring of blood calcium during 
therapy is recommended.48 Older patients 
are often hypoalbuminemic, or occasionally 
have high albumin, so that calcium requires 

TO ACCESS THE FRAX TOOL available 
online: www.SHEF.AC.UK/FRAX/
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Table 3. Indications for bone mineral density testing1

Group Comment

Women ≥ 65 years old  

Men ≥ 70 years old  

Postmenopausal women age <65  
with clinical risk factors for 
osteoporosis

See Table 2 for contributors to bone loss. Clinical judgment 
is required as some contributors are stronger than others (e.g. 
prednisone or prior fracture usually pose greater risk than low 
calcium intake)

Men age 50-70 with clinical risk 
factors for osteoporosis See above

Perimenopausal women with clinical 
risk factors for osteoporosis Significant bone loss can occur long before cessation of menses

Adults who have a fragility fracture
Fractures may be referred to as minimal impact, impact 
unlikely to fracture healthy bones. Recent data indicates that 
high impact fractures are also associated with osteoporosis.

Estrogen deficiency
Consider for postmenopausal women after stopping HRT; in 
premature menopause (<45 years old); for women receiving 
aromatase inhibitors for breast cancer 

Individuals with a disease, condition 
or medication associated with 
osteoporosis (secondary osteoporosis)

Examples: transplant patients, RA, celiac sprue, GnRH  
agonist treatment. See Table 2.

Individuals receiving, or planning to 
receive, prednisone ≥ 5 mg/day or 
equivalent dose for ≥ 3 months

Dose and duration dependent, high risk for bone loss and 
fracture 

Primary hyperparathyroidism

Anyone considering antiresorptive 
treatment for osteoporosis 

Bone density testing should not be carried out if no impact  
on management would be expected

Serial testing to monitor for  
osteoporosis treatment 

Every one to three years; Need to re-evaluate patient if bone 
loss on treatment

 Table 1.Sources of Vitamin D 31,32 

Table 4. FRAX Clinical risk factors and USA treatment thresholds 1, 39-41  

Group Relative risk Comment

Prior fracture 1.85 Fracture as an adult occurring spontaneously or with 
trauma not typically sufficient to cause fracture

Parent fractured hip 2.27  

Current smoking 1.84  

Use of glucocorticoids 2.31
Current or history of exposure to prednisone >5 mg daily  
for more than three months (or equivalent exposure to 
another glucocorticoid)

Rheumatoid arthritis 1.95  

Alcohol >2 drinks daily 1.68 One drink is a standard glass of beer (l0 oz), one ounce  
of distilled alcohol, 4 oz of wine or 2 oz of an aperitif 

Secondary osteoporosis
Type 1 diabetes, untreated long-standing  
hyperthyroidism, osteogenesis imperfecta in adults,  
hypogonadism or menopause below age 45, chronic  
malnutrition or malabsorption and chronic liver disease 

Age, sex and BMI or BMD Included in the FRAX calculation with above risk factors

Treatment intervention thresholds: In the USA, consideration of FDA-approved medical therapies in postmenopausal women 
and men aged 50 years and older can be made, based on the following:
Patients with hip or vertebral fracture (clinical or morphometric) 
T-score ≤ -2.5 at the femoral neck or spine after appropriate evaluation to exclude secondary causes 
Low bone mass (T-score between -1.0 and -2.5 at the femoral neck or spine) and a 10-year probability of a hip fracture ≥3% or 
a 10-year probability of a major osteoporosis-related fracture ≥ 20% based on the US-adapted WHO algorithm
Clinicians judgment and/or patient preferences may indicate treatment for people with 10-year fracture probabilities above or 
below these levels 
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correction for binding to albumin (see Table 5 
for formula). In secondary hyperparathyroid-
ism due to chronic kidney disease (CKD), 
calcitriol therapy should be monitored with 
PTH and with albumin-corrected calcium.49 
Calcitriol treatment requires close monitoring 
as hypercalcemia can easily occur.49

In the male patient with hypogonad-
ism, decreased muscle mass, loss of libido, 
impotence, poor ability to concentrate, 
fatigue, low energy, mood disturbances and 
hot flashes can occur.6,47 The presentation is 
often unrecognized by the patient or pro-
vider or attributed to “old age”. Even when 

testosterone replacement is not an option, 
a low testosterone level can help determine 
etiology of osteoporosis and can encourage 
patient adherence to lifestyle measures and 
prescribed therapy. Men with advanced pros-
tate cancer receiving leuprolide or goserelin 
should achieve very low testosterone levels as a 

 Table 1.Sources of Vitamin D 31,32 

Table 5. Laboratory evaluation for osteoporosis 1,34-37,42-47

Laboratory test Rationale/implication for the osteoporotic patient Special considerations for the assay 

25-OH  
vitamin D*

Essential for assessment of vitamin D status. Many 
persons, especially elderly are insufficient (<30 ng/mL) 
or deficient (<20 ng/mL). Decreased values  
associated with secondary hyperparathyroidism

Lower level of formal lab reference range may be too low; desirable 
lower limit at least 30-35 ng/mL 
Units are either ng/mL or nmol/L. Multiply nmol/L by 0.4 to obtain 
ng/mL

Serum  
creatinine*

To determine renal function and appropriate moni-
toring and treatment of CKD-metabolic bone disease

Used to calculate estimated creatinine clearance or eGFR  
Low muscle mass in older frail individuals may reduce serum creatinine 
and cause overestimation of renal function

Calcium*
Low with malabsorption, vitamin D deficiency,  
osteomalacia; chronic illness
Hypercalcemia most common with primary  
hyperparathyroidism or advanced malignancies

Important to correct for effect of binding to serum albumin  
(Corrected serum calcium = total serum  
calcium - 0.8 x (4-serum albumin [mg/dL]) 
Albumin-corrected calcium preferred over ionized calcium in outpa-
tient setting  

Albumin* Low in malabsorption; malnutrition Use albumin concentration essential to correct serum calcium

Alkaline  
phosphatase* 

Elevated with high bone turnover; after fracture; with 
osteomalacia; with Paget’s disease

Bone-specific alkaline phosphatase can be used to differentiate from 
cholestatic elevation of alkaline phosphatase

CBC* 
Anemia due to malabsorption and iron deficiency; 
myeloma; anemia or leukocytopenia in anorexia 
nervosa 

AST*, ALT* Cirrhosis; hepatocellular liver disease

TSH
Bone loss with untreated hypothyroidism; with  
untreated hyperthyroidism or thyroid  
oversupplementation

24-hr urinary  
calcium*

Low if decreased calcium absorption due to  
malnutrition, vitamin D deficiency or inadequate 
calcium intake 
Hypercalcuria can lead to bone loss

Patient may need reminding to collect specimen
Measure while patient is on normal calcium, phosphate, sodium and 
protein intake to avoid altering test results
Calcium excretion increased with furosemide; decreased with thiazide 
diuretics

Phosphorus* Low in osteomalacia; primary  
hyperparathyroidism; elevated in CKD

Best performed fasting because meals can alter phosphorus levels by up 
to 2 mg/dL

Intact PTH

Primary hyperparathyroidism: Elevated PTH  
and calcium. Secondary hyperparathyroidism  
associated with low vitamin D status, renal  
dysfunction, decreased renal synthesis of 1,25- 
dihydroxyvitamin D or inadequate calcium absorption

Calcium assay required for interpretation; order a  
tube separate from PTH to measure albumin and calcium together 
Magnesium should be tested as PTH may be  
depressed by magnesium deficiency

Total  
testosterone

Low testosterone associated with decreased bone 
density and muscle mass in men

Measure in the morning because of diurnal  
variation

Tissue  
transglutaminase;  
gliadin antibodies

Elevated in celiac sprue 
Biopsy positive prevalence of 3.4% of celiac disease 
among osteoporotic patients 
An estimated 10% of patients with irritable bowel 
syndrome may have celiac sprue

Tissue transglutaminase assay is sensitive (over 90%) and specific 
(90-100%) 
IgA and IgG antigliadin antibodies are less specific and are undetectable 
in patients on gluten-free diets

Serum protein  
electrophoresis

Elevated in myeloma; consider if unexplained  
anemia and older than 50 years of age

Urine protein  
electrophoresis Bence-Jones proteins present in myeloma 24 hour urine collection needed

*Tests recommended for routine workup for the older female patient with osteoporosis to establish baseline and exclude secondary causes. 	
CBC—complete blood count; CKD—chronic kidney disease; PTH—parathyroid hormone; TSH—thyroid-stimulating hormone
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result of therapy and do not need testosterone 
measured for an osteoporosis workup. These 
patients are at high risk for bone loss and 
fracture and should be thoroughly evaluated 
and treated as needed.

  
NON-PHARMOCOLOGIC  
MANAGEMENT
A healthy lifestyle, like that for prevention 
of osteoporosis, is required. For those with 
nutritional problems or who are underweight 
or those who have had gastric bypass, referral 
to a dietician can be helpful. For the patient 
who falls, inquiry into the circumstances is 
warranted as postural hypotension, an unsafe 
home environment or other treatable causes 
could play a role. Some patients will experi-
ence fracture with falls due to alcohol use, 
but this information may not be volunteered 
by the patient. Referral to a falls clinic or 
physical therapy can be considered for the 
patient with falls.

PHARMACOLOGIC TREATMENT
Calcium
As the major mineral component of bone, 
calcium plays an indispensable role in bone 
health and bone serves as a reservoir to help 
maintain blood calcium. Adequate intakes 
(AI’s) of calcium for different age groups were 
established by the Food and Nutrition Board 
of the Institute of Medicine of the National 
Academies.33 AI’s for calcium represent the 
amounts required for adequate calcium re-
tention and bone health in healthy people. 
For men and women aged 50 and older, 
the AI is 1,200 mg calcium daily. Although 
dietary calcium intake is recommended by 
the USDA, many people do not receive suf-
ficient dietary calcium with men and women 
60 years of age and older only receiving an 
estimated 660 mg/day in their diet.50

For those who do not or cannot achieve 
sufficient dietary calcium intake, supplemen-
tal calcium is needed, but even when dietary 
and supplemental calcium intake is taken into 
account, only 57% of women over 50 years 
of age receive adequate calcium.51 Lack of 
knowledge about the need for calcium and 
lack of motivation have been associated with 
not using supplements, but with women 
stating they would consider use if advised by 
their health care provider. Women were more 
likely to take supplements if they perceived 
themselves at risk for osteoporosis. There are 
thus excellent opportunities for pharmacists 
to help patients achieve calcium adequacy 

by providing information about how much 
is needed and how to conveniently achieve 
adequate intake through diet or supplements. 

The pharmacist can first determine the 
patient’s approximate dietary calcium intake, 
based on dairy intake or enriched foods. Some 
common dairy foods are approximately 300 
mg per serving, such as milk (1 cup), cheese 
(1.5 oz, about two slices), yogurt (6 oz) and 
calcium-enriched orange juice (1 cup). Ice 
cream and cottage cheese are about 150 mg/
cup.1,33 Calculators are also available online.

If needed, the pharmacist can recommend 
increased dietary intake and/or supplemen-
tation to achieve 1,200 mg/day.1 Calcium 
carbonate, the least expensive option, contains 
40% elemental calcium and is best absorbed 
with food. For those with insufficient gastric 
acid, for example the patient taking a proton 
pump inhibitor, calcium citrate is best ab-
sorbed, but it only contains 21% elemental 
calcium.53 For the patient needing more than 
500 or 600 mg supplemental calcium, it 
should be taken in divided doses, as absorp-
tion is decreased if more than this is taken 
at one time.

Approximately 25% of US adults have 
difficulty digesting lactose, including most 
Asian individuals, half of African Americans 
and 10% of Caucasians.33 These individu-
als can experience bloating, flatulence and 
diarrhea with ingestion of lactose containing 
foods. These individuals often do not achieve 
calcium adequacy if they avoid dairy foods. 
Strategies for managing lactose intolerance 
include reducing intake of dairy products or 
focusing on less problematic foods, such as 
aged cheese which contains little lactose or 
yogurt with live cultures which aid lactose 
digestion.33 Use of lactase-containing prod-
ucts to hydrolyze lactose, taken at the same 
time as the dairy product, can be helpful as 
well as use of lactase-treated products such as 
milk, ice cream or cottage cheese. 

The occasional patient will ingest too much 
calcium. The upper limit is 2,500 mg/day ac-
cording to the National Academy of Sciences 
but there is usually no need to ingest more 
than 1,200 mg.33 More commonly, however, 

the patient will not achieve the required intake 
and the pharmacist can play a valuable role 
by following up periodically to check patient 
adherence and address any concerns. Some 
persons taking calcium supplements may 
develop GI discomfort, bloating or gas and 
this may be resolved by taking smaller doses, 
taking with food or switching brands or the 
type of calcium salt.

Vitamin D
Levels of 25-hydroxyvitamin D <20 ng/mL 
represent deficiency and between 20 and 30 
ng/mL represent insufficiency. Most people 
worldwide are vitamin D insufficient or de-
ficient with implications for osteoporosis and 
other health problems. Risk factors for vitamin 
D deficiency include advanced age, infants 
exclusively breastfed but not supplemented 
with vitamin D, persons with dark skin, 
insufficient sunlight exposure, use of medica-
tions that alter vitamin D metabolism (e.g. 
anticonvulsants) and malabsorption.1,17-20

For osteoporotic patients, 25-hydroxyvita-
min D needs to be measured and most who 
are not sufficient are easily repleted. Factors 
to consider include the 25-hydroxyvitamin D 
level, patient preference for daily OTC vita-
min D3 (cholecalferol) or a higher prescrip-
tion dose of vitamin D2 (ergocalciferol) taken 
periodically, cost and the expected increase in 
steady state level of 25-hydroxyvitamin D for 
increased intake. For each 1mcg (40 units) of 
additional vitamin D3 daily intake, 25-hy-
droxyvitamin D increases by approximately 
0.3 to 0.4 ng/mL (7-10 ng/mL increase with 
an additional 1,000 units daily).54,55 For the 
person with a 25-hydroxyvitamin D level of 25 
ng/mL, an additional intake of 1,000-1,400 
units vitamin D3 daily would be required to 
achieve a level of 25 ng/mL.56 Such figures 
provide only a starting point as individuals’ 
response can vary. An added complication is 
the still debated question of whether vitamin 
D2 (the only available prescription strength 
vitamin D available in the US) is as potent 
as vitamin D3 (cholecalciferol) in its ability 
to support 25-hydroxyvitamin D levels.56-59 

In a patient with levels below 30 ng/mL, it is 
convenient to supplement with ergocalciferol 
50,000 units once a week and retest the patient 
after six to eight weeks and adjust further as 
needed. It has recently been shown that in 
young healthy Hawaiian surfers, the highest 
levels of 25-hydroxyvitamin D found were 
approximately 60 ng/mL.60 It was suggested 
that this may represent a natural “ceiling” 

To access calcium intake  
calculators online:  
http://fnic.nal.usda.gov/nal_ 

display/index.php?info_

center=4&tax_level=2&tax_

subject=256&topic_id=1459
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 Table 1.Sources of Vitamin D 31,32 

Table 6. Antiresorptive and anabolic agents 1,2,7,34,35,38,61-66 

Drug Dosing and administration FDA-approved  
treatment indications

Efficacy for fracture 
prevention

Contraindications, adverse effects  
and drug interactions

Oral  
bisphosphonates

ALL: Fasting in AM, take with 
6-8 oz water, remain upright & 
no food, drugs, other liquids  
for 30 min  
(Ibandronate 60 min)

Vertebral 
fractures

Hip, 
other 
fractures

Contraindications:
CrCl< 30-35 mL/min 
Alendronate and ibandronate:  
Abnormalities of the esophagus which  
delay esophageal emptying such as stric-
ture or achalasia 

Adverse effects:
Acid reflux, esophageal irritation, nausea, 
vomiting, heartburn,ulceration,  
perforation, GI bleed, transient  
musculoskeletal aches, severe  
musculoskeletal pain                   
Osteonecrosis of the jaw (rare)

Drug interactions:
Calcium, other minerals: decreased 
absorption

Alendronate  
(Fosamax; generic)

10 mg/day or 70 mg/week
(Prevention: 5 mg/35 mg)

PM osteoporosis
Male osteoporosis
Glucocorticoid induced 
osteoporosis (GIO)
Prevention of 
osteoporosis in women

Yes Yes

Risedronate  
(Actonel)

5 mg/day or 35 mg/week or  
150 mg/month

PM (Postmenopausal)  
osteoporosis
Male osteoporosis
GIO
Prevention of  
osteoporosis in women

Yes Yes

Ibandronate 
(Boniva) 2.5 mg/day or 150 mg/month PM osteoporosis Yes No

IV bisphosphonates Contraindications:
Hypocalcemia;
CrCl<30 mL/min for ibandronate;  
<35 mL/min for zoledronic acid

Adverse effects: 
Pyrexia, myalgia, headache, severe  
musculoskeletal pain,                   
arthralgia, pain in extremities, flulike 
symptoms, N/V/D
Osteonecrosis of the jaw (rare)

Drug interactions: 
Zoledronic acid only: Caution with  
aminoglycosides, loop diuretics,  
nephrotoxic drugs

Ibandronate 3 mg IV once every 3 months Yes No

Zoledronic acid 
(Reclast)

5 mg IV annually  
(Prevention: 5 mg IV  
every 2 years)

PM osteoporosis
Male osteoporosis
GIO
Prevention of  
osteoporosis in women

Yes Yes

Estrogen  
Agonist/Antagonist; 
Selective Estrogen 
Receptor Modulator 
(SERM)

Raloxifene 60 mg/day for  
reatment and prevention PM osteoporosis Yes No

Contraindications:
Active or past history of venous  
thromboembolic event

Adverse events: 
Hot flashes, leg cramps, peripheral edema, 
flu syndrome, arthralgia, sweating
Black box warning for increased risk DVT, 
pulmonary embolism, fatal stroke

Drug interactions: 
Do not use with cholestyramine; use with 
caution with warfarin; highly protein 
bound drugs

Calcitonin 
(Miacalcin)

200 units intranasal daily,  
alternate nares every other day PM osteoporosis Yes No Adverse effects: 

Rhinitis, epistaxis

Teriparatide
(Forteo)

20 mcg subcutaneous daily
Limited to two years of use

Anabolic agent: If at 
high risk for fracture:
PM osteoporosis
Male osteoporosis
GIO

Yes Yes

Contraindications: 
Bone metastases, history of skeletal  
malignancies, metabolic bone diseases other 
than osteoporosis, Paget’s disease, elevated 
alkaline phosphatase, hyperparathyroidism, 
hypercalcemic disorders, prior external 
beam or implant radiation therapy  
involving the skeleton 
Use with caution: h/o urolithiasis

Adverse events: 
Arthralgia, pain, nausea, hypercalcemia 
(symptomatic hypercalcemia rare),  
postural hypotension

Drug interactions: 
Do not use with bisphosphonates;  
Digoxin, use with caution
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which would not support pharmacologic 
treatment to achieve levels higher than this, 
although many laboratory reference ranges for 
25-hydroxyvitamin D are 30 to 100 ng/mL.

The occasional patient has a condition 
which renders repletion difficult, such as 
complicated Crohn’s disease or celiac sprue, 
diseases usually well known to the patient 
and prescriber.1 In such cases, the individual 
may require higher intake to achieve vitamin 
D sufficiency.

Antiresorptive agents - Overview
For the person needing treatment for os-
teoporosis with reasonable renal function 
(CrCl > 30-35 mL/min), good medication 
adherence, good oral health, no malab-
sorption and no swallowing problems or 
esophageal abnormalities, treatment is often 
straightforward. For men this will usually 
be an FDA-approved oral bisphosphonate 
and the same, or raloxifene, for women. The 
prescriber (and the patient) should recognize 
that although alendronate and risedronate 
reduce hip fracture risk, ibandronate and 
raloxifene have not been demonstrated to 
reduce hip fracture risk. Many older patients 
have co-morbidities which preclude oral 
bisphosphonates, raloxifene or other agents, 
as indicated in Table 6.1,2,7,34,35,38,61-66

For FDA approval of a medication for 
osteoporosis, fracture risk reduction must be 
convincingly demonstrated. Approved agents 
have demonstrated reduced fractures at the 
spine, other nonvertebral sites and/or hip, 
although the evidence is weaker for calcitonin.

Bisphosphonates
Bisphosphonates bind bone matrix and 
promote inactivation and apoptosis of 
osteoclasts thus slowing bone resorption, 
decreasing bone turnover, improving bone 
density and preventing fractures.61 All FDA-
approved bisphosphonates are nitrogen-con-
taining products (aminobisphosphonates). 
These agents exert their anti-osteoclast activ-
ity by blocking the mevalonate pathway thus 
inhibiting GTPases needed for cytoskeletal 
integrity and function of osteoclasts. 

Although not anabolic, bisphosphonates 
can increase bone density attributed to “fill-
ing in of remodeling spaces” and increased 
mineralization of bone.2 Despite similar 
mechanisms of action, there are differences 
among bisphosphonates regarding their 
FDA-approved indications, dose and ad-
ministration, potency, adverse events and 

efficacy in preventing fractures at different 
skeletal sites. Table 6 provides details regard-
ing indications, dosing and administration 
and fracture efficacy for bisphosphonates 
and other agents approved for osteoporosis 
in the US. 1,2,7,35,61-66   

Alendronate was the first FDA approved 
bisphosphonate for osteoporosis, having 
demonstrated fracture prevention with daily 
dosing and was first approved at a 10 mg/day 
dose.14 After 70 mg weekly dosing provided 
similar increases in bone density, it was ap-
proved as well. The approved uses expanded 
to include treatment of osteoporosis in men 
and treatment for glucocorticoid-induced 
osteoporosis (GIO), as well as osteoporosis 
prevention.7,61,66 Alendronate increases hip 
and spine bone density by approximately 
2-4% and 5-8% respectively. Fracture risk 
reduction of approximately 45-55% has been 
seen at the hip, spine and other skeletal sites 
from a range of studies. 

Risedronate was the next bisphosphonate 
approved for osteoporosis.1,2,7,61,66 Risedronate 
prevents fractures at the hip, spine and other 
sites with efficacy similar to alendronate. 
Risedronate is available for daily, weekly or 
monthly use.

The last oral bisphosphonate to be ap-
proved was ibandronate, available for daily 
and monthly use.1,2,7,61,66 Ibandroate has not 
been proven to reduce hip fractures or other 
non-vertebral fractures, an important detail 
that is not always appreciated by patients or 
providers. 

The most common adverse effects of oral 
bisphosphonates are gastrointestinal, with ab-
dominal discomfort, nausea or heartburn.67 In 
2008, the FDA issued a warning about severe 
and sometimes incapacitating musculoskel-
etal pain infrequently seen in patients taking 
bisphosphonates, which may occur within 
days, months or even years after starting an 
oral or intravenous bisphosphonate.

For those with esophageal abnormalities or 
intolerance, intravenous (IV) zoledronic acid 
or IV ibandronate can be used.1,7,61-66 When 
started within 90 days after repair of hip 
fracture and given annually, zoledronic acid 
not only reduced fracture risk, but reduced 
mortality as well.68 GI adverse effects are 
much less common with IV bisphosphonates, 
but patients can experience an acute-phase 
reaction for a day or two after the infusion, 
with fever, flu-like symptoms and aches and 
pains. These rapidly appearing, short-lived 
symptoms are to be distinguished from the 

severe incapacitating musculoskeletal pain 
described above. Although often advertised as 
agents that are superior due to convenience, 
the expense and possible increased adverse 
effects of IV bisphosphonates, such as acute 
phase reactions, hypocalcemia and jaw prob-
lems (see below), may limit their use.48

Osteonecrosis of the jaw and other 
concerns

Bisphosphonate-associated osteonecrosis 
of the jaw (BONJ) in which there is exposed, 
necrotic bone in the oral cavity in patients 
treated with bisphosphonates was first re-
ported in 2003.69-75 The great majority of 
cases have occurred in those with multiple 
myeloma or with breast or prostate cancer 
with skeletal metastases, with BONJ inci-
dence estimated at 1 to 10 per 100 oncol-
ogy patients. Some cases have occurred in 
patients with osteoporosis treated with oral 
or intravenous bisphosphonates. Risk for 
such patients is much lower, estimated at ap-
proximately 1 in 10,000 to 100,000 patient 
treatment years, although there are concerns 
that the condition is underreported and may 
be more common.71 Risk factors for BONJ 
are intravenous bisphosphonates, cancer and 
anti-cancer therapy, dental extraction, oral 
bone manipulating surgery, poorly fitting 
dental appliances, intraoral trauma, dose 
and duration of exposure to bisphosphonate, 
glucocorticoid use, co-morbid conditions, 
alcohol or tobacco abuse and pre-existing 
dental or periodontal disease.7-73 According 
to NOF, for patients with osteoporosis who 
are to undergo dental surgery involving bone, 
a drug holiday beginning shortly before the 
procedure until local healing has occurred can 
be considered and some bone experts favor 
this approach.1,74 However, evidence is lacking 
that this reduces risk of developing BONJ. For 
providers of patients with osteoporosis who are 
to receive bisphosphonates, it is reasonable to 
discuss the condition, its low probability, the 
overall risk and benefit of treatment to prevent 
fractures, the need for the patient to keep his/
her dentist informed and the encouragement 
of good oral hygiene and smoking cessation 
and moderation of alcohol as needed. 

Concerns have arisen about the risk of 
oversuppression of bone turnover leading 
to less healthy bone. Rare case reports of 
patients on long term bisphosphonates who 
had atraumatic nonspine fractures at sites not 
usually linked to osteoporosis led to specula-
tion that this could be due to oversuppression 
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of bone turnover.76 However, a relationship 
between these fractures and bisphosphonate 
use has not been substantiated. In human 
controlled studies, bone biopsies have not 
shown evidence of oversuppression of bone 
turnover.76 However, effects of long term 
bisphosphonate use warrants further study.

Another concern with bisphosphonates 
was a possible increased risk of atrial fibril-
lation. Intravenous annual use of zoledronic 
acid had been shown to reduce the risk of 
vertebral, hip and other fractures, but atrial 
fibrillation occurred more often among those 
receiving zoledronic acid. Another study of 
zoledronic acid did not show increased risk 
compared to controls,77 but re-analysis of an 
alendronate trial showed a trend for increased 
risk for atrial fibrillation.78 A population-
based case control study was carried out 
to further define the risk based on 13,586 
patients with atrial fibrillation and flutter 
and 68,054 population controls. From these 
groups, there were 435 cases (3.2%) and 
1,958 population controls (2.9%) who were 
current users of bisphosphonates for osteo-
porosis with an adjusted relative risk of cur-
rent use of bisphosphonates compared with 
non-use being 0.95 (95% confidence interval 
0.84 to 1.07) and with no difference seen 
between new users and continuing users.79 
This study found no relationship between 
use of bisphosphonates and occurrence of 
atrial fibrillation. One other study using a 
different method (self-controlled case-series 
method) including more than 40,000 users 
of alendronate or risedronate also showed 
no relationship between bisphosphonate use 
and atrial fibrillation or flutter.80

Raloxifene
Raloxifene was approved in 1999 for treat-
ment for postmenopausal osteoporosis and, 
prior to that, was approved for osteoporosis 
prevention. Previously referred to as a SERM 
(selective estrogen receptor modulator), 
in 2007 the FDA changed the name of 
this group of agents to estrogen agonist/
antagonists. Raloxifene demonstrates tissue-
selective estrogen antagonism/agonism 
activity.62 

Estrogen is an agonist at the skeleton, 
breast and endometrium, reducing fracture 
risk but increasing the risk of endometrial 
and breast cancer. Raloxifene is an agonist 
for bone but an antagonist at the breast and 
endometrium which avoids the drawbacks of 
estrogen.7,63 Raloxifene increases hip BMD 

and spine BMD by 2-3% and reduces ver-
tebral fractures by 30% to 50%, but does 
not reduce hip fracture risk.7,63 

Raloxifene reduces invasive breast cancer 
risk and is FDA approved for this indication 
for postmenopausal women at high risk for 
invasive breast cancer.64 Raloxifene can be 
a good choice for the woman who needs 
treatment for both indications. For most 
women who have severe osteoporosis but 
less risk or concern about breast cancer, 
bisphosphonates are a better choice as they 
reduce hip fractures as well as vertebral frac-
tures.7 Side effect profiles are quite different: 
Raloxifene causes hot flashes and increases 
risk for thrombolembolic risks, rarely fatal 
stroke, whereas bisphosphonates have GI, 
musculoskeletal and rarely jaw adverse effects 
as described above. 

Estrogen 
Estrogen reduces the risk of hip and spine 
fractures. Although not approved for osteo-
porosis treatment, estrogen and estrogen-
progesterone combinations, including oral 
tablets, gels and transdermal patches, are 
FDA approved for prevention of osteo-
porosis.62 The Women’s Health Initiative 
demonstrated increased coronary heart 
disease, thromboembolic events, stroke and 
breast cancer with the use of these agents. 
They are, therefore, now used for moderate 
to severe hot flashes or other menopausal 
symptoms and are not recommended solely 
for bone health.82 

Calcitonin
Salmon calcitonin is FDA-approved for post-
menopausal osteoporosis treatment, but is 
second line treatment after bisphosphonates 
or raloxifene because of weaker evidence of 
efficacy.7 Calcitonin was shown to prevent 
spine fractures by 30-35% but has not been 
shown to reduce hip fractures.1,14 Advantages 
to calcitonin are safety and tolerability. There 
is also limited evidence that calcitonin can 
provide an analgesic effect for those who are 
in pain from acute vertebral compression 
fractures.83

Parathyroid hormone and analogs
Elevated levels of parathyroid hormone 
(PTH), as seen in primary or secondary 
hyperparathyroidism, increase bone turnover 
and lead to bone loss, a result of continuous 
elevations of the hormone. When administered 
intermittently, PTH and some PTH analogs 

are anabolic, stimulating bone formation 
more than bone resorption. Teriparatide 
is the 1-34 analog of naturally occurring 
PTH and, when tested over 19 months in 
postmenopausal women, increased spine and 
hip BMD by approximately 65% and 55% 
respectively.65 

Teriparatide is well tolerated with mild, 
transient asymptomatic hypercalcemia noted 
in approximately 2% of patients.65 However, 
rats given teriparatide developed osteosar-
coma, an extremely rare bone cancer, which 
resulted in a black box warning. Although 
there has only been one proven case out of 
more than 300,000 users, patients must be 
carefully screened so that teriparatide is not 
given to persons who may be more likely to 
develop bone cancer. 

Given the expense (approximately $850 
monthly), the need for daily injections and 
some increased monitoring, teriparatide 
is recommended for those with severe 
osteoporosis or who have lost bone or con-
tinued to fracture while adherent to other 
therapy.1,7,61,66 Teriparatide is approved for 
a maximum of two years of use after which 
bisphosphonates can be used to retain the 
benefit accrued. 

Combination therapy
Although combined therapy with estro-
gen and alendronate, with raloxifene and 
alendronate and with risedronate and 
estrogen have demonstrated increases in 
bone density greater than monotherapy, 
combination therapy has not been proven 
to reduce fracture risk in comparison to 
monotherapy.66,84-86 Given that and the po-
tential for increased side effects and costs, 
combination therapy of antiresorptive agents 
is not currently recommended.1

Combination therapy with anabolic and 
antiresorptive agents has been studied. Results 
of such studies indicate that the effects of 
combined antiresorptive-anabolic therapy are 
variable depending on timing of initiation of 
each agent, the agents used and other factors. 
In a 2003 study, it was found that alendronate 
blunted the ability of teriparatide to increase 
BMD at the hip and spine.87 Combination 
therapy with teriparatide and raloxifene, 
however, did improve hip BMD compared 
to teriparatide alone.88

For patients who had been taking alen-
dronate or raloxifene long term, addition of 
teriparatide led to larger increases in BMD 
compared to that of patients continuing 
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on monotherapy.89,90 A very recent study 
on patients who had taken alendronate 
long term queried whether it was better to 
switch from alendronate to teriparatide or 
to add teriparatide to the regimen. For those 
with combination therapy, gains in BMD 
were greater than those seen in the patients 
switched to teriparatide monotherapy.91

Currently, there are no published studies 
using combined teriparatide-antiresorptive 
therapy with fracture as the endpoint. No 
formal recommendations regarding combi-
nation therapy have been formulated, but 
combination anabolic/antiresorptive therapy 
will likely continue to be an area of great 
interest particularly when patients at very 
high risk are considered.

Emerging therapies
Denosumab (Prolia®, Amgen) is a mono-
clonal antibody which works by antagoniz-
ing a key regulatory pathway in osteoclast 
differentiation and activity. The regulatory 
pathway is termed OP/RANK/RANKL 
(for Osteoprotogerin/Receptor Activator 
of Nuclear Factor kappa Beta/ Receptor 
Activator of Nuclear Factor kappa Beta 
Ligand). By blocking this pathway, deno-
sumab prevents osteoclasts from developing 
and resorbing bone.2 Denosumab is given 
by subcutaneous injection 60 mg twice a 
year and increases bone density. Significant 
fracture risk reductions of 65% at the 
spine and 45% at the hip have been 
reported.66,79 In October of 2009, the 
FDA requested further information 
from the manufacturer about the 
product and approval of this agent 
is pending. 

Adherence
Although bisphosphonates and 
other agents are effective at reducing 
fracture risk, poor adherence often 
limits this potential benefit.93-99 It is 
essential that the patient understands 
that the medication can prevent frac-
tures and the accompanying pain, personal 
cost and temporary or long-lasting disability 
that can result from fracture. If adherence 
to bisphosphonates is below 50%, almost 
no benefit accrues. Fracture risk reduction 
improves as adherence increases to 80% 
and above. Adherence rates, using medica-
tion possession ratio, vary from 40-70%, 
depending on age, daily vs. weekly use, side 
effects, number of medications and comor-

bidities and whether bone density was used 
to monitor therapy. 

Aside from taking the medication regularly, 
it is critical that the patient take the medica-
tion correctly.48 Patients need to be counseled 
about this at the beginning of therapy and 
periodically throughout therapy. The patient 
needs to recognize that bisphosphonates will 
not be absorbed and will not be effective if 
taken with anything other than water. If 
anything else, including other medications, 
is ingested within 30 minutes (60 minutes for 
ibandronate), the bisphosphonate will not be 
effective. The health care provider, and the 
pharmacist in particular, play an important 
role in making sure the patient understands 
these facts and the critical importance of 
adherence and persistence. 

FAQS
What problems or issues arise with 
measurement of bone density? How 
often should bone density be measured? 
How do I know if any reported change 
is meaningful?
For older patients, especially men, frequently 
the vertebral BMD will be spuriously elevated 
by degenerative joint disease and thus not 
useful.100 Fortunately, BMD is often mea-
sured at three sites: hip, spine and forearm. 
T-scores can differ among sites, but if there 
is osteoporosis at any site, then the patient is 

considered to have osteoporosis. Be aware that 
new instruments have software and capability 
for vertebral fracture assessment (VFA) which 
can be routinely carried out at the same time 
as the bone density test.100 VFA is not the 
gold standard offered by spine x-ray, but has 
very good sensitivity for detecting moderate 
to severe vertebral fractures. Spine x-rays can 
then be ordered if more specific knowledge 
could affect management.38 

NOF recommends bone density measure-
ment every one or two years. For accurate 
serial comparisons, the same make of den-
sitometer should be used. The DXA report 
should indicate whether there are any actual 
(significant) changes at any skeletal site.42 The 
amount of change required to be considered 
real (the Least Significant Change) depends 
on the sensitivity of the instrument and the 
level of type 1 and type 2 error considered 
acceptable. For some instruments, any change 
more than 5% at the hip or 3% at the spine 
may indicate a true change.38 Stable or in-
creased BMD is considered a good responses 
to therapy. If BMD has undergone a true 
loss, re-evaluation of the patient for reasons, 
including poor adherence, is warranted.38 

What about treatment of  
osteoporosis for patients with chronic 
kidney disease?
Recent recommendatis are available in Na-
tional Kidney Foundation for Kidney Disease 
Improving Global Outcomes (KDIGO), 
Clinical Guide to Bone and Mineral Me-
tabolism in CKD, CKD-MBO (chronic 
kidney disease metabolic bone disorder).101 
Recommendations for laboratory monitoring 
are provided and for patients with CKD stage 
3 (eGFR between 30 and 60 mL/minute) 
with PTH in the normal range, it is suggested 
that patients with osteoporosis be treated as 

the general population. If the CKD 
stage 3 patient has elevated PTH 
regardless of vitamin D repletion 
and normal calcium and phosphorus 
levels, treatment of this secondary 
hyperparathyroidism with calcitriol 
or other vitamin D analog is first 
suggested to bring PTH down into 
the normal range. (See the Labora-
tory Assessment section regarding 
monitoring of calcitriol treatment.)

Will I see off-label use 
of non-FDA approved 
bisphosphonates?

Occasionally a patient will receive etidronate 
for osteoporosis if the prescriber judges that 
a bisphosphonate is called for but that the 
patient cannot tolerate other oral bisphos-
phonates and if IV therapy is not an option. 
Esophageal abnormalities are not listed as 
contraindications for etidronate treatment, 
the GI tolerability is better and the require-
ments for renal function are not as strict 
with caution advised if serum creatinine 

For older patients, 
especially men, frequently 
the vertebral BMD will be 

spuriously elevated by 
degenerative joint disease 

and thus not useful. 
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is above 2.5 mg/dL.102 Etidronate must be 
given intermittently, two weeks out of every 
three months, to avoid osteomalacia and 
strict adherence to administration technique 
is needed, which is different from other oral 
bisphosphonates. Etidronate reduces the 
risk of vertebral fractures and is approved 
for osteoporosis in other countries. It is 
FDA-approved for hypercalcemia, ectopic 
calcification and Paget’s disease.102

Should a patient have a “drug 
holiday” from bisphosphonate 
treatment?
Patient safety studies have been carried out 
for more than ten years with alendronate 
and almost that long with risedronate. In the 
Fracture Intervention Trial Long-term Exten-
sion (FLEX) study, patients who had received 
alendronate for five years were randomized 
to alendronate or placebo for another five 
years.103 At the end of the ten years, bone 
density measurements for the latter group 
at the hip, spine and other sites, although 
modestly lower than at drug discontinuation, 
remained at or above baseline bone density 
measured ten years prior. Patients who had 
discontinued alendronate for five years did not 
experience more nonvertebral fractures than 
those continued on alendronate (18.9% for 
placebo and 19% for alendronate). However, 
women who continued on alendronate did ex-
perience significantly fewer clinical vertebral 
fractures compared to those who discontinued 
alendronate (2.4% vs. 5.3%, RR=0.45; 95% 
CI, 0.24-0.85). There was no difference in 
the rate of morphometric vertebral fractures 
(11.3% for placebo and 9.8% for alendronate, 
RR, 0.86; 95% CI, 0.60-1.22). This study 
suggests that patients who are at high risk 
(prevalent fracture or very low bone density) 
may continue to benefit from continuation 
of therapy, but that discontinuation after five 
years could be considered for those at lower 
risk for fracture. 

A study of patients who had received 
risedronate for three years and then pla-
cebo for one more year, compared to those 
patients who had received placebo for four 
years, demonstrated that the former group 
lost bone, but remained above their baseline 
BMD at hip and spine. Moreover, this group 
also demonstrated a significantly reduced risk 
of morphometric vertebral fractures within 
the year after discontinuation compared to 
the placebo group. (RR 0.54 [95% CI=0.34-
0.86, p=0.009]).38

Taken together, these studies provide 
some reassurance for safety of long-term 
treatment with bisphosphonates as well as 
continued protection against fractures after 
discontinuation of bisphosphonate therapy. 
Based on results from the FLEX study, NOF 
suggests that for most women who have been 
on alendronate for five years, discontinuation 
for five years (a “drug holiday”) does not in-
crease fracture risk and might be beneficial.1 

For women at high risk for vertebral fracture 
(prevalent fracture or very low bone density), 
continuation of alendronate for another five 
years is reasonable.

 
CONCLUSION
Osteoporosis is a potentially debilitating 
disease with substantial human, economic 
and social implications. Recent advances 
in prevention, testing and risk assessment 
for osteoporosis have proceeded apace with 
development of new therapies to reduce frac-
tures in those at risk. The FRAX algorithm 
and recent recommendations from national 
and international bodies regarding preven-
tion and management of osteoporosis have 
provided helpful guidance to health care 
practitioners in many disclipines, includ-
ing pharmacists. Better understanding of 
the benefits of “routine” elements of care, 
such as vitamin D therapy and lifestyle 
changes, are very welcome. Development 
of new therapeutic strategies and better use 
of established drugs, including monitor-
ing for recently appreciated risks, provides 
pharmacists with new opportunities to play 
important roles in helping prevent fractures 
and their serious sequelae in their patients 
at risk for fracture. ●

Mary E. Elliott is an associate professor at the 
University of Wisconsin School of Pharmacy in 
Madison, WI.
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ASSESSMENT QUESTIONS

Prevention and Management of 
Osteoporosis

1.	 Known risk factors for osteoporosis include 
which of the following 
a.	 Glucocorticoid use 1 mg/day for at least  
	 3 weeks 
b.	 High-normal testosterone level 
c.	 BMI between 25 and 35 
d.	Being a solid organ transplant recipient

2.	 Lifestyle issues specifically important for 
maintaining bone health include 
a.	 Getting enough sleep 
b.	 No smoking 
c.	 Intense daily physical activity 
d.	Eating more meat and less fiber than the  
	 average person

3.	 The need to treat for osteoporosis is best 
determined by 
a.	 Densitometric osteopenia (a T-score less than 	
	 -1.0) 
b.	 Use of the FRAX algorithm 
c.	 Use of the FRAX algorithm plus clinical  
	 judgment 
d.	Use of the FRAX algorithm plus clinical 	 
	 judgment plus the patient’s ability to pay or  
	 insurance coverage

4.	 The best measure of vitamin D status in the 
average person with good renal function is 
a.	 Blood level of 25-hydroxyvitamin D 
b.	 Blood level of 1,25-dihydroxyvitamin D 
c.	 Blood level of PTH (parathyroid hormone) 
d.	Blood level of vitamin D

5.	 Calcium intake recommended for the patient at 
least 50 years of age is 
a.	 1,200 mg daily through diet and/or  
	 supplements 
b.	 1,800 mg daily through diet and/or  
	 supplements 
c.	 1,200 mg daily through diet and/or  
	 supplements, taken once a day at the same time  
	 as vitamin D 
d.	Determined by that person’s known calcium  
	 balance determined by blood calcium

6.	 Mr. CD refuses to take calcium as he knows his 
calcium blood test is normal and he says, “if it 
ain’t broke, don’t fix it”. He receives 300 mg daily 
in his diet. His FRAX score indicates he is at high 

risk for fracture. He takes lisinopril and HCTZ 
for his blood pressure although he has never had 
a cardiovascular event. What would you do? 
a.	 Explain that osteoporosis very often will make  
	 his bones ache, even if he has not had a  
	 fracture 
b.	 Tell him that since he will be taking his  
	 alendronate, this will compensate for the low  
	 calcium intake 
c.	 Show him his bone density test results 	  
	 and FRAX results and explain how calcium is  
	 important to maintain or improve his bone  
	 density 
d.	Advise him he must receive his calcium  
	 through his diet as calcium is not absorbed  
	 when taken in tablet form

7.	 Mrs. AB is being assessed in an osteoporosis clinic, 
having had a hip fracture recently. She receives 
800 units daily of vitamin D through supplements 
and is unwilling to take more although she knows 
this is recommended by certain guidelines. Her 
vitamin D status as measured by laboratory testing 
is quite low. How do you convince her that she 
needs more vitamin D? 
a.	 Explain to her that there is good evidence  
	 that persons who have lab values indicating  
	 low vitamin D are at higher risk for fracture 
b.	 Explain to her that although vitamin D is  
	 important, it is very easy to get too much and  
	 so you will watch her lab results very closely so  
	 she does not get sick from overdosing  
c.	 Tell her to look at any web site about vitamin D 
d.	Ask her what all her friends do

8.	 Problems with FRAX include 
a.	 It has too many risk factors and is confusing 
b.	 There is a charge for the clinician or the  
	 patient to access it on the web 
c.	 It does not allow other than yes/no for most  
	 risk factors  
d.	 It does not allow the clinician to apply his/ 
	 her clinical judgment as the risk and treatment  
	 recommendations must be followed precisely  
	 for a patient to benefit from assessment and  
	 treatment

9.	 AB, age 65, has been taking risedronate for one 
month for osteoporosis and is now complaining 
of tooth and jaw pain and is now concerned 

based on information he has seen on web sites 
posted through personal injury law firms. He 
has good oral hygiene. He is in great need of 
bisphosphonate treatment. Of the following, 
what is the best choice? 
a.	 Explain that jaw problems are associated  
� strongly with risedronate regardless of duration  
	 of exposure 
b.	 In your counseling, encourage him to see his  
	 dentist as he would for any dental symptoms  
	 and to inform the dentist he is taking 
	 risedronate 
c.	 Switch to teriparatide as that is less expensive 
d.	Switch to testosterone as he is older and is  
	 likely hypogonadal

10.	 EF, age 68, is at high risk of breast cancer due to 
family history and she is in the pharmacy for her 
new prescription for alendronate, but she states 
she has heard about raloxifene from her friends. 
She has osteoporosis, no prior fractures and she 
brought a piece of paper from her doctor showing 
she has a FRAX score of 3.1% at the hip and 9% 
for osteoporotic fractures overall. She forgot to 
tell the doctor about her breast cancer concerns. 
What would you do? 
a.	 Advise her that alendronate is approved for  
	 reducing the risk of invasive breast cancer  
	 in women at high risk and is also approved for  
	 treatment for osteoporosis 
b.	 Advise her that raloxifene affords more fracture  
	 protection than alendronate as it prevents hip  
	 as well as spine fractures 
c.	 Offer to call her doctor to clarify the issues and  
	 to let the MD know about her breast cancer  
	 risk concerns 
d.	Recommend to the MD to order teriparatide

11.	 Mrs. GH, age 65, has frequent falls with nasty 
bruises, no osteoporosis, no fractures and a very 
low FRAX score. Her doctor sent her to falls 
clinic. The MD ordered a 25-hydroxyvitamin D 
test and the level is 10 ng/mL. What is the best 
course of action? 
a.	 Vitamin D 400 units daily 
b.	 Vitamin D 800 mg (milligrams) daily 
c.	 Vitamin D 50,000 units twice a week for  
	 eight weeks and then recheck level 
d.	Vitamin D 50,000 units once every two  
	 months for the next year 
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12.	 PA, age 70, has had a hip fracture and is very 
scared of this happening again. She has severe 
esophageal strictures and when she has tried 
alendronate or risedronate they invariably “get 
stuck” for 5 or 10 minutes before she can get 
them down, even though she takes plenty of 
water. Assuming no other health issues and 
normal labs, what would be the best choice for 
her at the present time? 
a.	 Denosumab given once a month 
b.	 Raloxifene 5 mg IV every month 
c.	 Ibandronate 3 mg IV every three months 
d.	Zoledronic acid 5 mg once a year

13.	 QZ, age 71, has had three vertebral fractures and 
has now experienced a hip fracture while adhering 
to alendronate therapy. She has no other health 
problems and normal labs. She is still running her 
own ad agency part time. Her last two bone density 
tests indicate significant loss in BMD of the other 
hip. Which of the following is the best choice? 
a.	 Assess for lack of response to therapy 
b.	 Chastise her for not taking her alendronate 
c.	 Assess for lack of response to therapy and  
	 consider offering teriparatide 

d.	Provide estradiol patches as this agent helps  
	 prevent both hip and spine fractures

14.	 DQ, age 25, has congenital osteogenesis 
imperfecta, has had eight fractures, starting 
in childhood and her endocrinologist has just 
prescribed alendronate to strengthen her bones. 
You work in the pharmacy. How should you 
counsel her? 
a.	 Call her doctor to recommend raloxifene 
	 instead because, like any woman, she could  
	 develop breast cancer  
b.	 Include in your counseling exactly how to take  
	 the medication according to the doctor’s  
	 orders and side effects to watch for 
c.	 Call her doctor to recommend teriparatide as  
	 it strengthens bone more than alendronate 
d.	Call her doctor to advise this medication is  
	 not approved for that indication

15.	 CC, age 70, has just been told his prostate cancer 
has advanced and he is to start on leuprolide, a 
GnRH agonist, for this problem. At this point, 
he has a 7% risk for hip fracture in the next ten 
years. Aside from his cancer diagnosis, he is pretty 

healthy, with no other medical conditions, and is 
very active. What is the best choice for him? 
a.	 Oral bisphosphonate 
b.	 Raloxifene 
c.	 IV bisphosphonate 
d.	Teriparatide

16.	 How do you rate this activity? 
a.	 Very good 
b.	 Good 
c.	 Poor

17.	 Did it meet the learning objectives? 
a.	 Yes 
b.	 No

18.	 How long did it take you to complete this 
activity?

Name_________________________________ Designation (RPh, etc.)___________

Preferred Mailing Address_ _____________________________________________

City_________________________________State________ Zip_ _______________

Is this your home ❏ or work ❏ address?

Quiz Answer Form circle one answer per question

10)	 a	 b	 c	 d

11)	 a	 b	 c	 d

12) 	a	 b	 c	 d	

13) 	a	 b	 c	 d	

14)	 a	 b	 c	 d

15) 	a	 b	 c	 d

16) 	a	 b	 c	

17)	 a	 b

18) ______________________

1)	 a	 b	 c	 d	

2)	 a	 b	 c	 d		

3)	 a	 b	 c	 d		

4)	 a	 b	 c	 d		

5)	 a	 b	 c	 d		

6)	 a	 b	 c	 d		

7)	 a	 b	 c	 d		

8)	 a	 b 	 c	 d	

9)	 a	 b	 c	 d	
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This CE offering is offered free-of-charge 
to all PSW members. Nonmembers are 
charged $10 for each exam submitted to 
cover administrative costs. 
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