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Osteoporosis  
and polypharmacy

Due to the worldwide demograph-
ic changes, the number of osteoporotic 
fractures continues to increase and ade-
quate management is needed [1]. In ad-
dition to the severe health-related conse-
quences for individual patients, the socio-
economic costs are substantial. For Ger-
many, the annual cost is close to 3 billion 
euro [2]. Especially in geriatric patients, 
osteoporotic fractures are strongly relat-
ed to falls. A fragility fracture caused by 
a fall is often the first symptom of under-
lying osteoporosis. One of three elder-
ly aged over 65 years experiences one fall 
per year, while in those above 80 years, it 
is already one out of two. One out of ten 
falls requires hospital treatment and one 
out of 100 falls leads to a hip fracture [3].

Currently elderly patients aged >75 
years take eight different drugs on aver-
age. For each decade, one can find one 
more drug and up to ten medications in 
the age group >80 years. In addition, the 
patients enlarge their prescribed medica-
tion with three to four over-the-counter 
(OTC) drugs. Nine out of 10 patients take 
at least one OTC drug, while 1 patient out 
of 10 takes ≥5 OTC drugs. This practice 
is particularly common in elderly wom-
en with a higher level of education. Two 
thirds of these drugs are analgesics.

Due to the high prevalence of osteopo-
rosis and polypharmacy in geriatric pa-
tients, one could actually expect that os-
teoporosis treatment is very common and 
well established. In contrast, the treat-
ment rate of patients with osteoporosis 
is an example of pharmacological under-
treatment. Despite the impact of osteopo-

rotic fractures and the number of differ-
ent treatment options available, only 11% 
of the patients in Germany receive a spe-
cific anti-osteoporotic drug treatment ac-
cording to the guidelines [4]. Even af-
ter the patient sustained an osteoporotic 
fracture, the treatment rate remains low. 
At least 42.7% of hip fracture patients had 
sustained an osteoporotic fracture years 
before [5]. In the United States, only 2% 
of hip fracture patients receive a specif-
ic osteoporosis treatment after their hos-
pitalization [6]. Contrary to expectations 
osteoporosis treatment is also rare in pa-
tients under extensive medication [7, 8]. 
Kuijpers et al. [7] demonstrated the phe-
nomenon of the linear correlation of poly-
pharmacy and undertreatment. Physi-
cians often consider polypharmacy as a 
reason not to start osteoporosis treatment, 
because they are afraid of aggravating the 
problem and the risk of drug interactions. 
On the other hand, the association of mul-
timedication and low compliance rates is 
beyond controversy [9]. In particular, pa-
tient adherence with oral medication is 
still low in anti-osteoporotic drug treat-
ment and it is known to be under 50% af-
ter 1 year.

The present paper discusses the ques-
tion whether preexisting polypharmacy 
could be a reasonable argument against 
osteoporosis treatment or, to the contrary, 
in favor of treatment. First, we discuss the 
risk of interactions of osteoporosis drugs 
(oral and parenteral bisphosphonates, ral-
oxifene, strontium ranelate, teriparatide, 
denosumab) with other medications, then 
we give an overview of common medica-

tions in elderly patients and their impact 
on bone metabolism and fracture risk.

Drug interactions

The absorption of all oral bisphosphonate 
derivatives may be impaired by concom-
itant oral intake of antacids. The proba-
ble primary mechanism of this interaction 
is binding of the bisphosphonate deriva-
tive to polyvalent cations in the form of 
a nonabsorbable (or very poorly absorb-
able) chelate. The most common polyva-
lent cations are calcium and magnesium. 
Beside oral supplements, nutrition may 
also decrease the absorption of bisphos-
phonate, especially milk products or min-
eral water. These interactions can reduce 
the absorption rate by 85%.

The concomitant intake of raloxifene 
and warfarin may shorten the prothrom-
bin time. Due to concerns that hyper-
calcemia produced by teriparatide could 
predispose cardiac glycoside-receiving 
patients to enhanced (toxic) cardiac ef-
fects, teriparatide product labeling recom-
mends caution when using teriparatide in 
patients receiving digoxin or other cardi-
ac glycosides.

According to the US Food and Drug 
Administration (FDA) over the last de-
cade approximately 4% of all newly ap-
proved medications had a critical or dan-
gerous risk of drug interactions. However, 
drugs for osteoporosis treatment definite-
ly do not belong to this group.

Except for denosumab, impaired re-
nal function with a creatinine clearance 
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<35 ml/min is a contraindication for a 
specific treatment. As a consequence all 
drugs that may lead to a decrease of renal 
function should be prescribed with cau-
tion.

Drugs with a potential 
effect on bone metabolism 
and fracture risk

Glucocorticoids

The negative effects of an existing gluco-
corticoid therapy on bone metabolism are 
well known. However, the number of pa-
tients with long-term glucocorticoid ther-
apy receiving adequate osteoporosis treat-
ment is still low [10]. Glucocorticoids have 
an inhibitory effect on osteoblasts. They 
inhibit the production of IGF 1 and tes-
tosterone, increase the apoptosis of osteo-
blasts and osteocytes and raise the secre-
tion of parathyroid hormone. As a result 
one can find a dual deterioration of bone 
metabolism, on the one hand, impairment 
of bone formation and, on the other hand, 
an enhancement of bone resorption.

Reid et al. [11] showed that the intake 
of 20 mg of prednisolone daily for 1 year 
reduced bone density of the lumbar spine 
by 21%. Glucocorticoid treatment leads to 
a clear increase of fracture risk depend-
ing on the dose rate and length of treat-
ment [12].

Loop diuretics

Loop diuretics, e.g., furosemide, raise the 
loss of calcium by blocking the reabsorp-
tion in the loop of Henle. In a controlled 
study, Reijnmark et al. [13] compared the 
effect on bone metabolism of the loop 
diuretic bumetanide versus placebo in 
87 healthy postmenopausal women. Bu-
metanide raised the excretion of calci-
um by 17% and serum parathyroid hor-
mone level by 9%, whereas bone density 
on the hip decreased by 2% and totally by 
1.4% [13]. Already in 1991, Heinrich et al. 
[14] demonstrated that the risk of hip frac-
ture was 3.9-fold higher in patients treat-
ed with furosemide compared to a con-
trol group. A recent study with an obser-
vation time of 4.4 years confirmed the 
negative effect on bone metabolism with 
regard to a significant decrease of bone 

density, however, with no effect on frac-
ture risk [15].

Antidepressants and serotonin 
reuptake inhibitors

Tricyclic antidepressant agents (TCA) as 
well as serotonin reuptake inhibitors (SS-
RIs) are known to increase fracture risk. 
TCA may raise the risk by adverse cere-
bral drug reactions like dizziness, seda-
tion and confusion but also due to hypo-
tension. SSRIs seem to have a direct effect 
on bone metabolism by the 5-HTT re-
ceptor [16]. Long-term therapy with SS-
RIs leads to a loss of bone density and may 
have negative effects on the microarchi-
tecture of the bone [17]. The 5-HTT re-
ceptor can be found in osteoblasts as well 
as in osteoclasts and may play an impor-
tant role in bone metabolism [16].

Richards et al. [18] showed that daily 
intake of SSRIs results in a significant in-
crease of fracture risk (HR 2.1, 95% CI 1.3–
3.4). Bone mineral density (BMD) of the 
hip decreased significantly, in the spine 
only by trend. Moreover SSRIs raised 
the risk of falls. All effects were dose de-
pendent. In the same context, the re-
sults of Verdel et al. [16] are of interest. 
They showed that antidepressant therapy 
caused a significant increase of osteopo-
rotic fractures but not of other fractures.

SSRIs have been associated with low-
er BMD and increased rates of bone loss, 
as well as increased rates of fracture af-
ter accounting for falls. The significance 
of these studies is limited by confound-
ing because depression is potentially as-
sociated with both the outcome of inter-
est (BMD and fracture) and the exposure 
(SSRIs) [19].
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Abstract
Osteoporosis is very common in elderly pa-
tients. Despite the severe health-related con-
sequences for individual patients and the so-
cioeconomic costs caused by osteoporot-
ic fractures, treatment rates are still low. Due 
to drug interactions and patient compliance, 
polypharmacy is often mentioned as a rea-
son for undertreatment. Several drugs have 
a direct or indirect effect on bone metabo-
lism. The present paper discusses the risk of 
interactions of anti-osteoporotic drugs (oral 
and parenteral bisphosphonates, raloxifene, 
strontium ranelate, teriparatide, and deno-

sumab) with other common medications in 
elderly patients and their impact on bone 
metabolism and fracture risk. In summary, 
the number and risk of drug interactions of 
all common anti-osteoporotic drugs are small 
and clinically rather irrelevant. However, pa-
tients with a polypharmacy are at a higher 
risk of fractures and should receive osteopo-
rosis treatment, if indicated.
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Osteoporose und Polypharmazie

Zusammenfassung
Osteoporose hat eine hohe Prävalenz bei äl-
teren Patienten. Trotz der enormen indivi-
duellen Folgen für die Betroffenen und die 
hohen sozioökonomischen Kosten osteopo-
rotischer Frakturen sind die Therapieraten 
weiterhin sehr gering. Als Begründung wird 
immer wieder die Polypharmazie genannt, 
insbesondere im Hinblick auf mögliche Me-
dikamenteninteraktionen sowie die Compli-
ance. Zahlreiche Medikamente haben ein-
en direkten oder indirekten Einfluss auf den 
Knochenmetabolismus. Im vorliegenden Re-
view wird die Bedeutung möglicher Interak-

tionen diskutiert sowie das Frakturrisiko im 
Rahmen einer Polypharmazie dargestellt. Ein-
erseits zeigt sich, dass das Interaktionspo-
tenzial der zugelassenen Osteoporosemedi-
kamente gering ist. Andererseits haben Pati-
enten mit einer Polypharmazie ein erhöhtes 
Frakturrisiko und sollten eine Osteoporose-
therapie erhalten, wenn diese indiziert ist.

Schlüsselwörter
Osteoporose · Polypharmazie · Frakturrisiko · 
Ältere · Medikamenteninteraktionen
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Vitamin K antagonists and heparin

The additional supplementation of vita-
min K to vitamin D and calcium reduc-
es the fracture risk in postmenopausal 
women by 25% [20]. As a consequence 
it seems to be reasonable that vitamin K 
antagonists may impair bone metabo-
lism. Vitamin K antagonists inhibit the 
γ-carboxylation of osteocalcin. As a re-
sult osteocalcin is not able to bind calci-
um. Vitamin K already plays a role in the 
treatment of osteoporosis and there is ev-
idence in the literature that antagonists of 
vitamin K have negative effects on bone 
metabolism. Patients treated with warfa-
rin have a lower bone density than con-
trol patients [21]. Long-term treatment 
results in a higher risk for vertebral frac-
tures. In-hospital male patients with atri-
al fibrillation treated for >1 year had a sig-
nificant increase in osteoporotic fractures 
(OR 1.63, 95% CI 1.26–2.10) [22].

The knowledge about the effects of 
heparin on bone metabolism results from 
trials in pregnant females. In most indi-
cations heparin is only used over a short 
period and consequently the effect on the 
bone can be expected as weak and not 
significant, whereas long-term heparin 
use leads to a significant decrease of bone 
density up to 10% [23]. In a further study 
on 184 pregnant women receiving hepa-
rin, 2% sustained a vertebral fracture [24]. 
The effect of low molecular heparin seems 
to be weaker than that of heparin [25].

Thyroid hormones

Triiodothyronine receptors are located at 
the nucleus of osteoblasts and osteoclasts. 
There is some evidence that thyroid hor-
mones are directly involved in the calcium 
metabolism, either by a direct activation 
of osteoclasts or by osteoblasts, which can 
increase the bone resorption by stimulat-
ing osteoclasts [26]. Finally, these path-
ways lead to an increase in bone resorp-
tion.

Whether treatment with thyroid hor-
mones can increase the fracture risk is still 
unclear. In one trial with an observation 
period of 5 years, women aged >65 years 
with lowered TSH-serum levels had a 
higher fracture rate compared to a group 
with normal TSH-serum levels (2.5% vs. 

0.9%). However the difference was not 
significant [27]. A further study did not 
confirm these results. Nevertheless a me-
ta-analysis of longitudinal studies showed 
a significant reduction of bone density in 
postmenopausal women [28].

Proton pump inhibitors

Proton pump inhibitors (PPIs) inhibit the 
production and gastric secretion of hy-
drochloric acid, which is believed to be 
an important mediator of calcium ab-
sorption in the small intestine. Obvious-
ly there is difference between the calci-
um absorption from supplements and 
nutrition. Omeprazole decreases the ab-
sorption of calcium carbonate in fasting 
postmenopausal women [29], whereas in 
healthy people omeprazole did not affect 
calcium absorption from different foods 
(milk, cheese) [30]. One explanation may 
be that nutrition itself induces a sufficient 
secretion of hydrochloric acid.

Different studies emphasized an in-
creased fracture risk in patients under 
long-term therapy with PPIs [31, 32]. Most 
studies showed a higher risk of hip frac-
tures, although a recent study could not 
confirm these results. However, the au-
thors described a higher risk of vertebral 
and peripheral fractures [33].

Even if the relationship between os-
teoporotic fractures and the use of PPIs 
is plausible, causal proof is still missing. 
Furthermore, in vitro studies showed that 
omeprazole is able to inhibit the proton 
pump of osteoclasts, which results in a de-
crease of bone resorption [34].

Thiazolidinedione

Thiazolidinedione (TZDs) are agonists 
of the peroxisome proliferator-activated 
receptor gamma (PPARγ) nuclear tran-
scription factor. This receptor can also be 
found in bone, where it affects the differ-
entiation of mesenchymal stem cells to os-
teoblasts [35]. The administration of rosi-
glitazone induced a significant decrease 
of bone density in animal experiments as 
well as in a trial in postmenopausal wom-
en [36].

In the Analysis from a Diabetes Out-
come Progression Trial (ADOPT), a com-
parison of different oral antidiabetics 

(rosiglitazone, metformin, glibenclamide) 
over 4–6 years, the analysis of adverse 
drug events revealed a significant increase 
of the fracture rate in women [37]. Similar 
results were shown for pioglitazone [38]. 
A large case–control study from Great 
Britain showed a 2.5-fold higher fracture 
risk in the group of patients treated with a 
TZD as compared to a control group [39]. 
The increase in the fracture risk linked to 
rosiglitazone and pioglitazone is dose de-
pendent but not related to gender.

Chemotherapeutics

The causes leading to osteoporosis during 
or after cancer therapy are multifold. One 
reason could be the blockage of the es-
trogen synthesis by aromatase inhibitors, 
while another may be the induction of hy-
pogonadism as a consequence of chemo-
therapy or radiation. Moreover, it should 
be mentioned that many chemotherapeu-
tic drugs have a direct negative effect on 
bone metabolism. In the context of poly-
pharmacy and elderly patients, the most 
important agents effecting bone metabo-
lism are aromatase inhibitors.

In a subgroup of the Anastrozole, 
Tamoxifen, Alone or in Combination 
(ATAC) trial, the authors demonstrat-
ed the effect of anastrozole and tamoxi-
fen on bone metabolism compared to a 
control group over 1 year. Anastrozole led 
to a significant increase in bone resorp-
tion and bone formation markers, where-
as tamoxifen decreased bone turnover due 
to the antagonistic effect to estrogens [40]. 
After 2 years of treatment, anastrozole in-
duced a significant decrease of bone den-
sity in the spine and hip [40]. After 5 years 
of treatment with anastrozole, an associ-
ation with a higher rate of osteoporotic 
fractures could be shown, especially the 
risk of vertebral fractures increased sig-
nificantly [41].

Antiepileptic agents

Phenytoine, primidone, phenobarbital, 
and carbamazepine have a significant ef-
fect on vitamin D metabolism. The most 
relevant point is the increased reduction 
of vitamin D metabolites due to induction 
of the cytochrome P450 systems [42]. Pa-
tients with a long-term antiepileptic treat-
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ment have a 2- to 3-fold higher fracture 
risk compared to control patients. One out 
of two of these patients develop osteopa-
thy [42]. The effect of newer antiepileptic 
drugs, e.g., lamotrigine, gabapentin, and 
levetiracetam, on bone metabolism is still 
unknown.

Cholestyramine

This drug inhibits the intestinal reuptake 
of bile acid and as a result reduces the in-
testinal absorption of vitamin D. Long-
term treatment may induce severe osteo-
malacia [42].

NSAIDs and analgesics

A recent study showed a significant in-
crease of the fracture rate in patients treat-
ed with NSAIDs. The pathogenesis of this 
effect is still rather unclear, because no ef-
fect on bone density could be demonstrat-
ed. Furthermore, there was also a trend to-
wards more fractures in patients treated 
with opioids or paracetamol, but without 
any significance [43].

Statins

Several experimental trials in bone cells 
and in animal models clearly showed that 
the inhibition of the HMG-CoA reductase 
induces a significant increase of bone den-
sity by activating BMP-2. Several statins, 
e.g., simvastatin and mevastatin, are able 
to activate BMP-2. Due to this mecha-
nism, statins should have a positive effect 
on bone density, but according to current 
literature there is not enough evidence 
that statins are able to reduce the fracture 

risk [44]. Previous studies allow the inter-
pretation that the positive effects on bone 
metabolism are too weak to significantly 
decrease the fracture risk [45].

Thiazides

Thiazide diuretics reduce the urinary cal-
cium excretion. In epidemiological stud-
ies a treatment with these drugs leads to a 
30% decrease of fractures. A causal associ-
ation is still missing. However a controlled 
trial in healthy elderly people showed a 
small increase in bone density [46].

β-Blockers

The sympathethic neuronal system seems 
to be an important modulator of bone me-
tabolism. In animal models, an inactiva-
tion causes an inhibition of osteoclastic 
bone resorption and an increase of osteo-
blastic bone formation [47, 48]. The use 
of β-blockers resulted in increased bone 
density and lower fracture risk in one 
large case control study [49].

Risk of falls

The number of prescribed drugs is the 
most important risk factor for adverse 
drug events [50]. A fall before hospital 
admission may indicate a severe adverse 
drug reaction [51]. Besides negative meta-
bolic effects, many drugs increase fracture 
risk by increasing the risk of falls. The ef-
fect of nine common drug classes on the 
risk of falls is shown in . Tab. 1 [52].

Conclusion

Several drugs may have a negative effect 
on bone metabolism. Consequently, these 
drugs decrease bone density and may lead 
to an increased fracture risk. Further-
more, many drugs raise the risk of falls. 
However, there are only few drugs with a 
positive effect on bones.

The number and the risk of drug in-
teractions of all common anti-osteoporot-
ic drugs are small and clinically rather ir-
relevant. The problem of lower drug ad-
herence in patients with multimedication 
can be avoided by administering newer 
parenteral osteoporosis drugs. In sum-
mary, it should be emphasized that preex-

isting polypharmacy can never justify the 
omission of osteoporotic treatment if in-
dicated. On the contrary, it can be expect-
ed that patients with polypharmacy are at 
a higher risk of fractures and, therefore, 
this group of patients should absolutely be 
treated, if indicated.

Practical conclusions

F	�Many patients with a preexisting mul-
timedication, nevertheless, require 
osteoporosis treatment.

F	�Several drugs have a negative effect 
on bone metabolism.

F	�Falls are known to be a common ad-
verse drug event, especially in cases 
of polypharmacy.

F	�Patients with multimedication are a 
special risk group for osteoporotic 
fractures.

F	�The number and the risk of drug in-
teractions of all usual anti-osteopo-
rotic drugs are small and clinically 
rather irrelevant.

F	�A preexisting polypharmacy can nev-
er justify the omission of osteoporosis 
treatment, if it is clinically indicated.

F	�In case of polypharmacy, the medica-
tion has to undergo a critical evalua-
tion, on the one hand, to check the in-
dication of each drug, on the other to 
reduce the risk of fractures.
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