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ADR Focus by Elizabeth Rudy, DVM, RPh
Update: Drugs That Cause Osteoporosis

Themost commonmetabolicbonediseaseintheworldisosteoporosis.: TheNational
Osteoporosi sFoundation estimatesthat osteoporosispresentsamajor healththreat to~44
million Americans.2 Asreported by theNational I ngtituteon Aging, 10million Americans
aready have the disease, and another 34 million are at risk for developing osteoporosis
due to low bone mass (osteopenia).2 Osteoporosis causes fractures, and there are ~1.5
millionfracturesannually inthiscountry. Thisresultsinasignificant amount of disability
and a huge burden on the health care system. Thetota cost associated with treatment of
complications due to osteoporosis was estimated at $17 billion in 2001.1
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Osteoporosi soccurswhen resorption of bonetissue by osteoclastsbecomesgreater
than the build up of bone tissue by osteoblasts, and bone demineraization results,
causing boneto becomemoreporous.2 Theconditionischaracterized by low bonemass
and microarchitectural deterioration of bonetissue, resultinginincreased bonefragility
and asubsequent enhanced risk for fracture.3 The disease most commonly occurs after
menopause and in the elderly, and israrely observed in normal young adults without
predisposing risk factors. Contributing risk factorsfor osteoporosis are numerous (see
Tablel). Although women are affected by osteoporosis at arate of four to one when
compared to men, morethan 2 million American men currently have osteoporosisand
3.5millionmoreareat risk for devel oping the di sease due to osteopenia.2 Osteoporosis
can be classified as either primary osteoporos's, which includes postmenopausa and
age-related osteoporosis, or as secondary osteoporos's, defined as osteoporosis caused
by diseaseor identifiableagentssuch asdrugs(see Tablell).13 The purposeof thiSADR
Focusisto provide practitioners with a second look at medicationsthat are associated
with bone loss that can lead to osteoporosis.

Glucocorticoids are awell-known cause of osteoporosis. One source estimates that
long-termglucocorticoid treatment may resultin fracturesin~50% of patients.3 Glucocor-
ticoid-induced osteoporosis appears to be dose related.34 Moderate to high dose daily
therapy with 5mg or more of prednisone may result in significant bone loss and an
increased risk of fracture. However, low dose prednisone therapy (1-5mg/day) may also
cause the condition. Inhaled steroids are probably lesslikely to cause boneloss, but high
dose, prolonged useof theseagentsmay till beaconcern.3 Themechanism by whichthese
drugs cause bonelossis multifactorial .3 Three major mechanisms appear to beinvolved:
1) aneffect onca ciumhomeostasi s, resultinginreduced cal cium absorptionandincreased
excretion; 2) suppression of sex hormonesthat causeboneformation; and 3) adirect effect
onbone, withinhibition of osteobl astsand activation of osteoclasts, leading toboneloss.3

Thecalmodulin-calcineurin phosphataseinhibitor s, cyclosporineandtacrolimus,
mainstays of organ transplant therapy and used to treat many immunologic disorders,
cause increased bone turnover that can result in osteoporosis.6.” Because the mgjority of
patientstaking these drugsare concurrently on glucocorticoid therapy, the mechanismby
which cyclosporine/tacrolimus cause bone loss has been difficult to delineate; and

additionally, detrimental effects on bone could be additive”  (continued on page 38)
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38 Update: Drugs That Cause Osteoporosis (continued)

Table I: Risk Factors for
Osteoporosis*®

-Age
-Cigarette smoking
-Estrogen deficiency
-Excessive alcohol intake
-History of osteoporotic
fracture in a 1st-degree relative
-Hypogonadism
-Inadequate calcium intake
-Low body weight
-Persond history of fracture
as an adult
-Race
-Recurrent falls
-Sedentary life style

Sex

-Vitamin deficiency

Data from two new clinical
studiesindicate that
women who use medr oxy-
progesterone as an inject-
able contraceptive may
lose significant bone
mineral densty, which
may not return completely
once use of medr oxy-
progester one has been
discontinued. Thisis of
particular concern in
adolescence when bone
mineral density should
ingtead beincreasing.18

Table Il: Drugs That Cause
Bone Loss

-Alcohol

-Antacids (duminum containing)
-Anticonvulsants
-Aromatase inhibitors
-Cholestyramine
-Cyclosporine/Tacrolimus
-Glucocorticoids
-Gonadotropin-releasing
hormone agonists

-Heparin

-Lithium

-Marijuana
-Medroxyprogesterone
-Methotrexate

-Neuroleptics

-Thyroxine (high dose)
-Vitamin A (long-term use at
doses >10,000 units/day)
-Vitamin D (doses > 2,000
units/day)
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Chronicanticonvulsant drug (phenytoin, phenaobar bital, car bamazepine, primi-
done, valproic acid) therapy can lower bone mineral density in patients of al ages.38
The previoudly listed anticonvul sants, with the exception of vaproic acid, areinducers
of the P450 hepatic enzymes that increase the metabolism of sex steroids and vitamin
D that can, inturn, leadto boneloss. Valproic acidrarely causesosteoporosis; however,
therehavebeenreportsof osteoporosi sinchildrenonchronicval proicacidtherapy.3The
drug may induce osteoporosisby increasing renal calcium excretion.3 At thistime, itis
not known if the newer antiepileptic drugs have asimilar effect on bone.®

In one study, lithium, indicated for the treatment of bipolar disorder, wasfound to
causebilateral osteopeniaintheforearmsof 16% of 98trested patients.3 Chroniclithium
therapy may result in hyperparathyroidism in up to 40% of treated patients, leading to
hypercalcemia and bone loss.3 Neuroleptic drugs (primarily phenothiazine and
butyr ophenonederivatives) usedinthetreatment of psychoses, have beenimplicated
as a cause of osteoporosis. Treatment with these medications may induce hyperpro-
lactinemia and subsequent hypogonadism that can result in bone resorption.310.11 |t
should be noted that schizophrenic patients may have additional factors such as
decreased physical activity, decreased exposureto sunlight, and nutritional deficiencies
that can dl contribute to decreased bone mineral density.3

Thefolicacid antagonist, methotr exate, used totreat rheumatol ogic, dermatol ogic, and
oncologic diseases, was first shown to cause osteopathy in children with leukemia trested
with high dosetherapy.3 The drug' sbone wasting effects appear to be dependent upon dose
and duration of treatment, and result from reduced osteobl ast activity and increasesin bone
resorption.3 Patients treated with low-dose methotrexate have aso exhibited bone abnor-
malities, but one study showed no correl ation without concurrent corticosteroid therapy.12

The gonadotropin-releasing hormone agonists such as leuprolide, and goserelin
whenusedtotreat prostatecarcinomain men, causeadecreaseintestosteronel evel sthat may
result in hypogonadismand | ead to osteoporosis.3 Osteoporotic fractureshave been reported
in5%of mentreated withthesedrugs.13 Additiondly, womentreated withthegonadotropin-
releasing hormone agonist nafarelin for various gynecologic disorders may experience a
reduction in the production of estrogen by the ovaries and subsequent bone loss:3

High-dose medr oxypr ogester one, used to treat various gynecologica disorders
(including endometriosis, pelvic pain syndrome, breast cancer, and premenstrual
syndrome), has been associated with bone loss in premenopausal women.3 Medroxy-
progesterone decreases serum estrogen levelsand thiscan lead to bone mineral density
loss.14 Recent research indicates that medroxyprogesterone when administered as an
injectable contraceptive at a dose of 150mg every three months can aso result in
significant loss of mineral bone density. 14

Chronic high-dose heparin therapy can result in osteoporosis. The mechanism of
heparin-induced osteoporosis has not been eucidated, but appears to involve the
collagenalytic action of thedrug.34 Studiesindicate that to see adverse effectson bone,
thedoseof heparinmust be>15,000 units/day for longer than 3 months.3 L ow molecular
weight heparins (LMWHSs) can havesimilar effectson bone, but the degree of boneloss
isgeneraly lesssevere.315 Sivakumaran et al ., described an osteoporotic lumbar spinal
fracture in afemale patient treated with low-dose LMWH for 3 months.16

High-dose adminigtration of thyroxine (in doses that suppress TSH), vitamin A
(long-term use at doses >10,000 units/day), or vitamin D (doses>2,000 units/day) may
aso result in bone loss.4® Phosphate binding antacids, such as auminum hydroxide,

bind to phosphate in the gastrointestina tract and cause hypercalciuria, hypophos-
(Continued on page 39)



Update: Drugs That Cause Osteoporosis (continued)

phatemia, and hypophosphaturia. This can result in bone resorption and osteomalcia.3
Casesof antacid-induced bonediseaseand fracturehavebeenreportedintheliterature.4.17

Although osteoporosisis
four times more common
in women, morethan 2
million American men
currently have osteo-
porosisand 3.5 million
moreareat risk for
developing osteopenia.?

39

Prevention may well bethemostimportant interventionfor drug-induced osteoporo-
ss.1 Severa drategies may be employed to minimize the risk that bone loss will occur
in patients taking these medications. These include: (1) awareness of the potentia of
certain drugs to adversely affect bone; (2) careful use of these medications and
assessment of concurrent factorsand medi cati onsthat may compoundrisksfor boneloss;
(3) utilization of thel owest effectivedose; (4) cessation of usewhen possible; (5) frequent
monitoring with bonemineral density measurements; (6) pharmacol ogic treatment with
cacium, vitamin D and its analogs, hormone replacement therapy, bisphosphonates,
raloxifene, cal citonin, or parathyroid hormonewhereindicated; and (7) lifestylechanges
such as exercise, dietary changes, and avoidance of tobacco and acohol 13

Oral Mineral Replacement
by Jennifer Namba, Pharm.D.

Strollingdownatypica vitaminand mineral aideat the
local drugstore reveds a myriad of products in different
drengths, sizes, and combinations. Even for hedthcare
professonasfamiliar withthegenerd principlesof supple-
mentation, sel ectingtheappropriateproduct canbeaconfus-
ing prospect. Imaginethen, thedifficultiesthat patientsface
whentrying to determinewhich bottle correspondswith the
recommendation or prescription from their provider. Min-
era supplementation iscommonly prescribed for the treat-
ment of medical conditionssuchasanemiaand osteopoross.
Therefore, accurately communicating proper dosng and
product selection isan integral component of patient care.

Severad issues should be cons dered when recommend-
ing mineral replacement. Patients and practitioners should
understand the difference between the total and elemental
content of supplements such as calcium, magnesium, phos-
phorus, and iron. The elemental content aso varies depend-
ing onthesalt formulation. Therefore, theelemental content
should be specified on al prescriptions and labelsto reduce
patient confusion and assure appropriate supplementation.
The FDA does not regulate commercia labeling of mineral
supplements and as a result, elementa content is often not
included on the ingredient list. The recommended daily
alowance (RDA) provides an adternative way of determin-
ingtheelemental content. For example, theRDA for calcium
is1gram. Each 500mg TUM SR tablet then provides 200mg
elemental calcium, or 20% of the RDA.

Calcium: TheNIH ConsensusConferenceand TheNationd
Ogteoporos sFoundation recommend thet adultsreceive 1.2-
15 grams of dementd cdcium dally. Cacium carbonate
requiresan acidic environment for absorption, and should be
takenwithfood. Incontrast, cdciumcitratecanbetekenonan
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. ) empty fom-
e o oneant ot i ' ach becatie
Calcium % Ca Strength Elemgntal it is not -
Salt Calcium fected by the

] 500mg 200mg | levelofacid-

Carbonate 40% 1500mg s00mg |ty. V_|t_am|n
Citrate 21% 950mg 200mg (I:Dd];:lajl‘l;]tii;-es

sorption and is supplemented in doses of 400 units per day.
However, excessvedosesof vitamin D cancausetoxicity and
patients should be warned againgt taking combination prod-
uctswith calcium.

Magnesum: Ord supplementation should be limited to
patients with documented magnesium deficiency or those
taking medications known to cause hypomagnesemia (di-
uretics, cyclosporine, tacrolimus). Similar to calcium, the
elemental magnesium content varies with the salt formula:
tion (Table I1). Magnesium oxide provides the highest d-
ementd content per dose and istypically recommended for

Table II: Elemental Content of Oral Magnesium Salts
(Norte. 1g magnesium = 83.3mEq = 41.7mmol)

Magnesium Salt % Mg Strength Elemental Magnesium

Oxide 60% 400mg 241.3mg (19.8mEq)
. 167mg/smL
Hydroxide 44% 400mg/5mL (13.7mEq)

supplementation. However, the use of magnesium-contain-
ing antacids or laxatives should a so be taken into consider-
ation when prescribing replacement. Diarrhea is the most
common dose-limiting adverse effect associated with mag-
nesium replacement. Dosereduction or morefrequent moni-
toring of magnesium levelsisrecommended in patientswith
rend impairment (CICr <25 mL/min). Thereisno evidence
that magnesum prevents osteoporotic fractures, in fact,
supplementation was associated with an increased fracture

risk in the Women's Hedth Initiative study. Therefore,
(Continued on page 40)



Pharmacy & Therapeutics Committee Actions

Formulary Actions

IV Immune Globulins

It was the decision of the P&T Committee to ADD a sucrose-free IVIG product and an IgA-depleted IVIG product
to formulary pending development of an order form that restricts these IVIG products to the appropriate patients.

Insulins

Lente and ultralente insulin will be DELETED from the UW Medicine drug formulary following a 3-month phase out.

Oral Mineral Replacement (continued)

patients should avoid using the combination products of
cacium, vitamin D and magnesium that are commonly
promoted for the treatment of osteoporosis.

Phosphorus. Ora phosphorus replacement is typicaly
limited to patientswith chronic phosphate wasting, symp-
tomati ¢ hypophosphatemiaor hypercal cemia. Daily doses
of 2.5to 3.5 grams (80 to 110 mmol) should be givenin
divided doses. Osmotic diarrhea is the primary dose-
limiting adverse effect associated with phosphorus re-
placement. Dose reduction is recommended in patients
with moderate-severe rena insufficiency to minimize ex-
cessive phosphorus retention.

Table lIl: Mineral Content of Phosphorus Products
(Note: 1g phosphorus = 32.3mmol)

Phosphate Product | Phosphate Potassium Sodium

Neutra-Phos 278mg (7mEq) 164mg (7mEq)
250mg

Neutra-Phos K (14.25mEq) 556mg (14mEq) 0

K-Phos Neutral 45mg (1.1mEq) | 298mg (13mEq)

Vol. 34, No. 8

Iron: Therecommended daily dosefor iron deficiency is150
to 300 mg eementd iron given in 3 divided doses. The dose
should betitrated up dowly to minimize adverse effects. The
length of therapy depends upon the cause and severity of the
iron deficiency, but gpproximately 4-6 months of ord iron
replacement is generally required to reverse uncomplicated
irondeficiency anemias. Thepresenceof food candecreasethe
absorption of iron by 50%. However, taking iron with meds
canreducegadtrointestina S deeffectssuchasabdomina pain,

constipa-
tion. diar- Table IV: Elemental Content of Iron Salts
rhea, nausea Iron Salt % Iron Strength Elemental Iron
and vomit- | Fumarate 33% 63mg 20mg
ing. Iron ab- ] 325mg 65mg

i Sulfate 20%
S)I’ptl on del’-l ’ 300mg/5mL 60mg/5mL
o \.Nlt Gluconate 12% 300mg 34mg
concomitant

cacium adminigtration and these supplements are best ab-
sorbed when taken separately.
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