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Analysis on Statins for The Treatment of Bone Fracture

Byung Chul Choi®
College of Pharmacy, Chung-Ang University, Seoul 156-756, Korea

Abstract — 3-Hydroxy-3-methylglutaryl coenzyme A reductase inhibitors (Statins) are potent inhibitors of cholesterol bio-
synthesis. Cholesterol-lowering therapy using statins significantly reduces the risk of coronary heart disease. Various dis-
covery of statins as bone anabolic agents has spurred a great deal of interest among both basic and clinical bone researchers.
In-vitro and some animal studies suggest that statins increase the bone mass by enhancing bone morphogenetic protein-
2 (BMP-2)-mediated osteoblast expression. Clinical and animal test results of statins focusing on the prevention and treat-
ment of bone fractures was collected. Three independent literature searches were performed by using from January 1, 2002
to September 2008 for clinical and animal test results. Search term included statins, HMG-CoA reductase inhibitors, pleio-
tropic effects, fracture, osteoporosis and clinical and animal test. No consensus has been reached whether clinical use of
statins has beneficial effects on bone health, partly due to lower statin concentrations because of first-pass metabolism by
the liver. Experimental use of statins as stimulators of bone formation suggests that they may have widespread applicability
in the field of orthopaedics. With their combined effects on osteoblasts and osteoclasts, statins have the potential to enhance
resorption of synthetic materials and improve bone ingrowth. In conclusion, The use of statins in the prevention and treat-
ment of bone fractures requires further study. But observational studies suggest that statins for decreasing bone fractures
including osteoporosis have to be considered local direct administration like transdermal or subcutaneous type over oral
adminstration.

Keywords [] statins, HMG-CoA reductase inhibitors, pleiotropic effects, osteoporosis, bone fracture, local application
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Fig. 1 - Cholesterol synthesis and osteoclast activation.
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Literatures searched by Pubmed and MEDLINE
(105 articles)
Key word: Statins, HMG-CoA reductase inhibitors,

Pleiotropic effects, Osteoporosis, Bone fracture, Local

U

Classified into 3 categories

(1) Pleiotropic effects
(2) Bone fracture mechanism
(3) Clinical data for bone fracture

g

Articles extracted:

(1) Review article (20 articles)
(2) Post-hoc study (10 articles)
(3) Short report (8 articles)

11

Literatures for analysis (67 articles)

Fig. 2 — Flow chart of extraction and analysis of the data.
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Table I — Evaluating surrogate markers of fractures
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Stud Statin
Author d oy No. of patients duration End points Outcomes
esign
(wks)
Total: 626 . Placebo: 0.16
Lumbar spine (L1-L4) 10 mg: -0.26
BMD by DXA, LS 20 mg: -0.38
mean (95% CI) 40 mg: -0.44
80 mg: -0.03
Placebo: 2.36
Lumbar spine (L1-L2) 10 mg: -3.95
Placebo: 119 BMD by QCTb, LS 20 mg: -1.93
mean (95% CI) 40 mg: 0.11
80 mg: -3.43
Placebo: -0.74
Total femoral BMD by 10 mg: -0.58
DXA, LS mean (95% 20 mg: 0.5
CDh 40 mg: -0.51
80 mg: -0.06
Placebo: -3.68
. 1 3.
SNTX, 10% trimmed L0 & -3-50
. mean (95% CI) 20 mg: 0.02
Atorvastatin 10 mg: 118 40 mg: -6.54
80 mg: -5.04
Placebo: -4.18
Bone . 10 mg: -1.92
¢t dl. 0, P PC 52 fncesz (égg” tégnmed 20 mg: 3.96
(2007) v 40 mg: -4.47
80 mg: -1.14
) Placebo: -4.38
Atorvastatin 20 mg: 121 Osteocalcin, 10% 10 mg: -4.44
trimmed mean (95% 20 mg: -2.88
Ch 40 mg: -5.32
80 mg: -10.56
Atorvastatin 40 mg: 124 Placebo: -2.74
BSAP, 10% trimmed 10mg: 0.55
mean (95% CI) 4218 Eg (1)23
80 mg: -1.18
Placebo: -7.04
PINE 10% trimmed .0 /& 025
20 mg: -1.20
. mean (95% CI)
Atorvastatin 80 mg: 122 40 mg: -1.63
80 mg: -10.29
Placebo: 0.83
DPD, 10% trimmed 10mg: -3.44
mean (95% CI) 20 mg: 1.88
40 mg: -1.19
80 mg: -5.81
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Table I - Continued
Stud Statin
Author desi yn No. of patients duration End points Outcomes
g (wks)
Tanriverdi Hypercholesterolaemic risedronate vs risedronate plus atorvastatin
et al. B CC postrnenopgausal women wit h 24 {% I?)MD c(lllan%;:l ?lt. lumbar spine: 1.58% vs 0.75%, p<0.05
(2005) osteoporosis or osteopenia: umbar and to 1p .
120 total hip: 1.2% vs 1.1%, p<0.05
Sirola Statin: 118 Annual % BMD Statin vs control BMD (adjusted):
et al. P CC Control: 502 54 change at femoral Femoral neck: -0.47% vs -0.33% (p=0.628)
ontrol: i
(2002) neck and lumbar spine™y - e 0.20% vs +047% (p=0.134)
Statin: 197 Prevalence of osteoporosis:
Men: OR 0.79, 95% CI 0.51-1.22
Women: OR 0.36, 95% CI 0.12-1.07
Hip BMD (statin vs no statin):
Funkhouser Osteoporosis, BMD at : 2
et al. R, O 48 hi d spi Men: 0.90 vs 0.87 g'cm” (p=0.194)
(2002) Placebo: 786 1p and spine 5
Women: 0.86 vs 0.87 g/cm” (p=0.183)
Spine BMD (statin vs no statin):
Men: 1.05 vs 0.97 glem? (p=0.004)
Women: 1.00 vs 0.99 glem® (»=0.160)
Statin: 140 ?MD at hip, spine,  »; BMD: p=NS
orearm
Statin vs control:
Rejnmark Serum osteocalcin _
¢t dl P CS, CC 36~48 (mglL): 36 vs 39.5 0=0.03)
(2002) Control: 140 2
: Serum CrossLaps
(mg/L): 0.44 vs 0.51 (p<0.01)
Serum bone ALP
(U/L): 98 vs 109 (p<0.01)

O=observational;

P=prospective; R=retrospective; CC=case-control;

CI=confidence interval: Cr=creatinine; CS=cross-sectional;

OL=open label; NS=not significant; OR=0dds ratio; PC=placebo controlled; ALP=alkaline phosphatase: BMD=bone mineral density;
DPD=deoxypyridinoline; BSAP=Bone-specific alkaline phosphatase; uDPD=urinary deoxypyridinoline; PINP=procollagen type I N
propeptide; sCTX=serum C-telopeptide; SNTX=serum N-telopeptide
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Table II - Outcome trials for fracture

Statin
Author gs;?y I\L?c.ie?lfts duration  End points Outcomes
gn p (Months)
Nichols
et al. RCS, LRS 174
(2008)
Any fracture (adjusted): OR 0.87; 95% CI,
0.83~0.92
Rei y 124.655 fracture Hip fractures adjusted): OR 0.57; 95% CI,
ejnmar e wi 0.48~0.69
et al. R, CC cases Vﬁth 3313’962 72 Risk of fractures - - - —
(2006) age- and gender- Patients treated with pravastatin (adjjusted): OR
matched controls 1.02; 95% CI, 0.89~1.17
Non-statin lipid lowering drugs (adjusted): OR 0.99;
95% CI, 0.86~1.15
Total fractures No medications: 12.2
Total: 91 052 (Incidence rate per  Statin only: 7.0
' 10,00person-years)  Non-statin lipid-lowering medications: 11.3
Zlcal}ard No medications: Vertebral fractures  No medications: 0.9
(200'5) 60,794 (Incidence rate per  Statin only: 0.7
: . 10,00person-years)  Non-statin lipid-lowering medications: 1.1
R, PHA Statin only: 28,063 42 mos : 'p g
Hip fractures No medications: 1.5
(Incidence rate per  Statin only: 0.6
Non-statin ipid- 10,00person-years)  Non-statin lipid-lowering medications: 1.3
lowering .
medications: 2,195 Other fractures No medications: 9.8
(Incidence rate per  Statin only: 5.8
10,00person-years)  Non-statin lipid-lowering medications: 8.9
No statin use: 3014/1,129 (1.122~1.136)
Total: 3,469 -
2 years of statin use: 238/1,114 (1.090~1.139)
Prospective Men: 1498 2~4 years of statin use: 123/1,112 (1.078~1.146)
o en:
Sehoofs ggﬁgﬁt‘;’;gssed 4 years of statin use: 150/L,135 (1.104~1.166)
et al. Student’s t-test, 78 mos ?g‘%‘?? BMD 2 years of lipophilic statin use: 190/1.114
(2004) Pearson’s ¢ (1.087~1.142)
2 test ; o ]
] . 2~4 years of lipophilic statin use: 84/1.127
ANOVA Women: 1971 (1.085~1.168)
4 years of lipophilic statin use: 122/1.141
(1.106~1.175)
Statin: 1846 Statin vs no statin:
LaCroix BMD and rate of hip, BMD: 0.86 vs 0.84 g/cm2 (p=0.0193)
et al. P CC - 36 lower arm/wrist, or  Hip: HR 1.22, 95% CI 0.83~1.81
(2003) No statin: 85,870 other fractures Lower arm/wrist: HR 1.04, 95% CI 0.85~1.27,
Other: HR 1.11, 95% CI 1.00~1.22
Statins: 12.506 Frequency of hip fracture (RR, 95% CI):
Pasco T ' Statin vs control 0.62, 0.45-0.85
et al. R, CC Other lipid-lowering 120 Documented hip Other lipid drugs vs control: 0.44, 0.26~0.72
(2002) drugs: 47,98 fracture Reduction in hip fracture (RR, 95% CI):
Controls: 17,280 Statin vs other lipid drugs: 1.42, 0.83~2.43
- Statin vs no statin
Statin: 69
Ray. R CC. PHA aHn o4 Any documented  Whole body: OR 0.43, 95% CI 0.24~0.78
; » Y . fracture Spine: OR 0.42, 95% CI 0.24~0.75
(2002) No statin: 1,306

Femoral neck: OR 0.45, 95% CI 0.25~0.8

P=prospective; R=retrospective; CC=case-control: Cl=confidence interval; CS=cross-sectional; HR=multivariate-adjusted hazard
ratio; OR=odds ratio; PC=placebo controlled; RR=adjusted incidence rate ratio; BMD=bone mineral density: LRS=Logistic
regression analysis: RCS=retrospective cohort study; PHA=post hoc analysis; HPSCG=Heart Protection Study Collaborative Group;
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