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Abstract. In the space of a few weeks, four articles ap-  Inthe same edition ofhe LanceChan et al. [2] reported
peared in theThe Lancetand JAMA suggesting that using g population-based case-controlled study using the health

3-hydroxy-3-methylglutaryl coenzyme A (HMG CoA) re- ; ;
ductase inhibitors (statins) is associated with increased bo newamtenance records from 928 women aged 60 or over with

mineral density (BMD) [1] and a reduced fracture riskr’fracture of the hip, humerus, distal tibia, wrist, or vertebrae
[2—4]. The stimulus for these case-control studies camend compared them with 2747 controls with no fracture. All
from reports that the statins have unexpected effects omdividuals taking osteoporosis treatments were excluded

bone, increasing bone formation in rodents [5]. These 0bf o the analysis. Women who had taken statins for at least
servations offered a new insight into the potential impor-

tance of the cholesterol synthesis pathway in bone turnovet Y@ had a reduced risk of fracture [odds ratio 0.48 (95%
and future therapeutic opportunities. Cl 0.27-0.83)] after adjusting for age, number of hospital

admissions, chronic disease score, and the use of nonstatin
lipid-lowering drugs. There was no clear dose-dependent
) . o . relationship between length of statin use and fracture risk.
Statins are well established as lipid-lowering drugs that "®Then, Meier et al. [4] published a population-based, nested
duce the likelihood of cardiovascular events including myo-.,<e_control study iAAMA, using a UK-based general prac-

cardial infarction [6]. They act by inhibiting HMG CoA tice research database. They identified 28,340 men and

red_uctase, the rate-limiting step in cholesterol s_ynthe3| omen aged at least 50 years taking lipid-lowering drugs,
This reduces cholesterol formation and leads to increase

. ,271 with hyperlipidemia not taking lipid-lowering drugs,
expression of LDL receptors on the cell surface of hepato'so,ooo randomly selected individuals without hyperlipid-

cytes. The four recently published case-control studies havgmia and 3,940 individuals with a previous bone fracture.

shown effects on BMD and fracture risk in a large numberAfter controlling for body mass index. smoking. number of
of patients. In the smallest of the studiegith the most 9 y ’ g

P X . hysician visits, and corticosteroid and estrogen use, current
clinical information, an association was seen between BM . . ) )
. . . . se of statins was associated with a reduced fracture risk
and statin use in a well-described population-based coho

of postmenopausal women (mean age 66.2 years) [1]. BM odds ratio 0.55 (95% CI 0.44-0.69)]; other lipid-lowering

at the spine and hip were approximately 7-8% higher in 41??9“5 r:]ah(: nl? '[svvchne::]ec;[{ S]?)C? a:cga}[mti;herre Wr?sti ng clel,;zr
women taking statins compared with a control group from clationship between the humber of stalin prescriptions a

. P , . fracture risk.
the same population similar in terms of age, height, weight, Also in JAMA, Wang et al. [3] reported a case-control

years since menopause, and hormone therapy (HRT) use, S
Adjustment for these variables, plus smoking, did not alterStUdy d 6110 mdmduals aged (.55 _and over who were reg-
the results. A group of women with significant hypercho- istered with Medicare and Medicaid or the Pharmacy As-
lesterolemia, on no lipid-lowering treatment, were also ana-s.IStance for the Aged and D|sapled program. Of these pa-
lyzed and did not differ at the hip or spine for BMD when tients, 122.2 ha}d undergqne surgical repair of a h'p fracturoe.
compared with controls. No dose or duration subanalyse se of statins in the previous 180 days [odds ratio 0.5 (95%

1 0.33-0.76)] or previous 3 years [odds ratio 0.57 (95% CI
were performed because of small numbers of women. 0.40-0.82)] was associated with a reduction in hip fracture.

This held true even after adjusting for race, insurance status,
- psychoactive medications, estrogen use, ischemic heart dis-
Correspondence tol. D. Spector ease, cancer, and diabetes mellitus. Once again, no reduc-
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tion in fracture risk was seen with the nonstatin lipid- 0.05). It also suggested that users of atorvastatin and sim-
lowering drugs. Adjusting for number of medications, the vastatin had higher BMDs than users of pravastatin, lova-
Charlson comorbidity index score and hospital or nursingstatin, and fluvastatin. In addition, Bjarnason et al. [13]
home admissions to identify the presence of chronic diseasshowed no effect of fluvastatin in combination with vitamin
had no effect on the results. Interestingly, this study didC on bone formation (serum osteocalcin and total alkaline
show a significant dose-response effect when the patiengshosphatase), but a weak inhibition of bone resorption
were divided into quartiles on the basis of the length of(measured as urinary CrossLaps) in 68 postmenopausal
statin use. Those individuals who had used the most statinsomen with hip or spine T-score less than -2 SD.
also had the lowest fracture risk. However, the fracture prevention data reported at the
Overall, these studies have surveyed a large number ASBMR meeting does not support the already published
individuals and attempted to control for the major con-data, even on the same populations. Using data again from
founding variables. In particular, the possibility that hyper-the WHI-OS, La Croix et al. [14] compared fracture rates in
cholesterolemia may itself be associated with raised BMD7847 postmenopausal women using statins to fracture rates
or protection from fracture risk has been partly addressedn 85,876 nonusers over 2-3 years. They found no signifi-
All the studies examined controls that were hypercholestereant difference in hip, wrist, or other fractures after adjust-
olemic and not taking any lipid-lowering treatment; the ment, although many women were taking HRT, and fracture
studies found no evidence of raised BMD or a reducedates were lower in non-HRT statin users. Van Staa et al.
fracture risk. Similarly, the use of other nonstatin lipid- [15], using the same dataset as Meier et al. [4], failed to
lowering drugs such as fibrates did not appear to produce eonfirm a decreased risk of forearm, hip, and vertebral frac-
decreased fracture risk. Other studies are in progress andtares using different analytic techniques even after many of
preliminary report from a prospective study has suggestethe potential confounding variables were taken into account
that statin use was associated with a nonsignificant decrea$&5]. Reid et al. [16] looked retrospectively at 9014 patients
in fractures of the hip [7]. A retrospective cohort study of 36 randomized to pravastatin 40 mg/day with ischemic heart
diabetic patients has also shown a significant increase idisease in the previously published LIPID study. There was
BMD at the hip after 15 months of statin use [8]. In contrast,no significant effect of statin use on fracture risk when
a retrospective study of Japanese diabetic patients foundanalyzed after follow-up of 6.1 years. Analysis of fracture
decrease in lumbar spine BMD of 131 statin users wherdata from the LIPID study has recently been published in
compared with controls [0.884 (0.15) vs 0.965 (0.11) gfcm full [17].
P < 0.001] [9]. However, no information was included on  Despite the encouraging consistencies of the reports in
other variables important to BMD and the majority of in- The Lanceand JAMA, the more recent abstracts, although
dividuals were taking pravastatin, a statin that may have nmot subject to full peer review, remind us to be cautious in
effect on bone [10] interpreting observational data. Drugs and diseases that are
In addition, at the recent 22 meeting of the ASBMR, associated with diet, weight, and lifestyle changes can be
several abstracts were presented with new information owmery difficult to separate. An interesting parallel is with the
the effect of statin use on bone. Overall, these showedase control studies of the use of estrogen replacement
mixed results, with positive effects on BMD and bone mark-therapy (ERT), which appear to have exaggerated the health
ers but no clear effect on fracture risk in statin users. Abenefits compared with randomized trials, possibly due to
small study by Watanabe et al. [11] looked at the effects ohealthy lifestyle selection biases. Many US statin studies
fluvastatin in 10 male and 10 female patients being treatethave high rates of ERT users. Another concern is the speed
for hypercholesterolemia over a period of 1 year. Urinaryof action. There is a marked lack of data on a dose-response
N-terminal telopeptide of type | collagen was decreased teffect, e.g. does 10 years treatment provide more benefit
a small but significant extent in the female patients (69.2 t#than 1-3 years? Or is current use more or less important
8.5% of baseline) after 1 month, but bone-specific alkalinghan past use? Although one study [3] suggested a dose-
phosphatase and osteocalcin did not change in either groupsponse relationship, other studies failed to show a similar
even after a year. BMD of the lumbar spine was signifi- effect. However, it would be surprising if the perfect dose
cantly increased in women taking fluvastatin (102.2 + 0.7%and timing for lowering cholesterol was also the perfect
of baseline) at 6 months and was maintained at 1 yeambone dose.
However, 10 female patients treated with pravastatin had no A biological explanation for these observations would
such changes. In a much larger study, Cauley et al. [12¢ertainly help in establishing causality. Possible mecha-
looked at statin use in 6,442 women enrolled in the wom-nisms are emerging as to how statins might work to de-
en’s health initiative observational study (WHI-OS). Statin crease fracture risk and increase BMD. There are two series
use of greater than 3 years duration<£n79) was associated of recent observations that point to the key role of the meva-
with an increased body mass index adjusted BMD at the hijonate pathway in bone metabolism, which encouraged the
in users compared with nonusers (0.87 gfas 0.84g/crf, clinical studies described here. Firstly, during studies of the
P = 0.03) and lumbar spine (100 g/éws 0.98 g/crf, P = mechanism of action of bisphosphonates [18], it was shown
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The Mevalonate Pathway

HMG'CO‘A HMG CoA reducta
¢ OA reductase

mevalonate Statins inhibit here

phosphomevalonate

mevalonate diphosphate

dimethyla"yl diphosphate““——-"isopentenyl diphosphate F|g 1. Sites Of action Of Sta’[ins and
bisphosphonates on the cholesterol synthetic
il Farnesyl diphosphate synthase pathway. Statins antagonize the conversion
i N-containing Bisphosphonates of 3-hydroxy-3-methylglutaryl-CoA to
geranyl diphosphate inhibit here mevalonate by HMG-CoA reductase which
is the rate limiting step of the cholesterol
squalene <« farnesyl fiphosphate ---------- » farnesylated synthetic pathway. Nitrogen containing
il proteins prenylated bisphosphonates antagonize protein
1 1 N prenylation by inhibiting formation of
cholesterol g;l.'a;:y gehratny """"" » gerany lgertfny lated proteins  farnesyl pyrophosphate and geranylgeranyl
iphosphate proteins pyrophosphate.

that the nitrogen-containing bisphosphonates inhibit theéboth bone formation and resorption. They provide a com-
mevalonate pathway in osteoclasts and prevent the synthegglling case for evaluating the effects of statins on bone, and
of isoprenoids [19-21]. This leads to a decrease in thalso offer novel opportunities for therapeutic manipulation.
prenylation of key regulatory GTP-binding proteins, which  However, how likely is it that statins used for controlling
block bone resorption by inhibiting osteoclast activity andcholesterol metabolism might also affect the skeleton? The
eventually inducing osteoclast apoptosis [22]. As expectedstatins currently used for treating hyperlipidemia have
inhibition of bone resorption, also perhaps involving osteo-argely been selected for actions on the liver and reach bone
clast apoptosis, was then shown to be induced by statins only low concentrations. As little as 5% of ingested stat-
themselves [19]. ins may reach the peripheral circulation after first pass me-
Secondly, statins are potential stimulators of bone fortabolism [24]; this is important in reducing their adverse
mation. Using a bone morphogenetic protein-2 (BMP-2)effects on other tissues. The circulating concentrations in
promoter linked to a luciferase reporter gene transfectedhan, unlike rats, are very low, in the submicromolar range,
into an immortalized murine osteoblast cell line, Mundy etand are probably below those needed to produce effects in
al. [5] screened more than 30,000 compounds and identifiedxperimental studies. However, little seems to be known
lovastatin, and subsequently simvastatin, mevastatin, anabout their uptake into bone, for example, into the adipose
fluvastatin as having bone-forming effects. BMP-2 is atissue of bone marrow. In order to optimize these potential
powerful inducer of new bone formation and anything thateffects of existing statins, alternative modes of administra-
increases the activity of the BMP-2 promoter is likely to tion may be needed. Thus, lovastatin, given by topical ap-
increase bone formation. The statins increased BMP-lication to skin in rats, resulted in blood concentrations
mRNA and the production of BMP-2 protein by osteoblasttwo-fold greater than when the drug was given orally [25].
cell lines, increased bone formation in explant bone cullLovastatin administered in this way was 50 times more
tures, and oral administration of statins to rats increasedctive on bone formation in rats than after oral administra-
bone formation even after ovariectomy. However, the doseson. In the future, statin-like drugs may be designed that are
of statins used in the rats were higher than the equivalergelectively targeted to bone rather than the liver.
dose for lipid-lowering in humans, as rats are relatively These observations, although leaving unanswered ques-
resistant to the effects of statins. Statins inhibit the ratetions, provide an exciting new direction for the treatment of
limiting step in cholesterol synthesis, the formation of osteoporosis and a greater understanding of the key path-
mevalonate from 3-hydroxy-3-methyl-glutaryl CoA (Fig. ways involved in bone formation and resorption. In addi-
1). The effect of statins on luciferase activity was com-tion, a recent meta-analysis of eight observational studies on
pletely inhibited by adding mevalonate in this study and inthe effect of statins on fracture risk suggested a protective
similar experiments with a BMP-2 promoter-luciferase re-effect on non-spine [RR 0.66 (95% CI 0.55-0.88)] and hip
porter in an osteosarcoma cell line [5, 23]. This suggestedractures [RR 0.43 (95% CI 0.25-0.75)] (DC Bauer, DM
that the activation of the BMP-2 promoter was due to theBlack, M van der Klift, personal communication). The
inhibition of HMG-CoA reductase. Taken together theseanalysis included published studies, one unpublished study,
studies indicate that products of mevalonate metabolism imand abstracts from major meetings, with a total of 151,500
the cholesterol synthesis pathway have important effects oimdividuals with 2814 fractures of whom 9946 were statin
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users. However, before we rush into prescribing statins for

bone, the most encouraging epidemiological observation

must first be validated by randomized controlled studies,
assessing effects of different compounds, and their duration
and doses on bone turnover, BMD, and if possible, the14
ultimate endpoint, fracture.
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