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Abstract The use of HMG-CoA-reductase inhibitors
(statins) has been associated with decreased risk of bone
fractures in epidemiological studies. In vitro evidence
suggests that statins may stimulate bone formation, but
the data are still preliminary. We assessed the effects of
the HMG-CoA-reductase inhibitor atorvastatin on
biochemical parameters of bone metabolism in a multi-
center, randomized, double-blind, placebo-controlled
trial conducted between October 2001 and October 2002
in three hospital-based outpatient metabolism clinics.
Forty-nine postmenopausal women, mean age 61 ± 5
years, mean time postmenopause 12.6 ± 8.8 years, were
treated with atorvastatin, 20 mg per day (n=24) or
matching placebos (n=25) for 8 weeks. Comparing the
differences to baseline between the groups, there were no
statistically significant effects of atorvastatin either on
the bone formation markers intact osteocalcin and bone-
specific alkaline phosphatase or on the bone resorption
markers C-telopeptide and intact parathyroid hormone.
The marker of bone fractures, undercarboxylated
osteocalcin, was also unchanged. When analyzed in
dependence of age, atorvastatin increased C-telopeptide

and osteocalcin in the younger subjects, while it de-
creased them in older subjects. Most interestingly, in
older subjects, atorvastatin caused a significant decrease
in the ratio of C-telopeptide to osteocalcin, an indicator
of bone remodeling, while the ratio was increased in
younger subjects, suggesting beneficial effects on bone
turnover exclusively in older individuals (approx.
>63 years). In summary, the present data suggest that
short-term treatment with atorvastatin may have age-
dependent effects on biochemical markers of bone
turnover in postmenopausal women.

Keywords Bone turnover Æ HMG-CoA reductase
inhibitors Æ Osteoporosis Æ Postmenopausal
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Introduction

The statins, 3-hydroxy-3-methylglutaryl coenzyme A
(HMG-CoA) reductase inhibitors, have been shown to
reduce blood cholesterol levels and to decrease the risk
of cardiovascular disease [1]. In recent years, there has
been increasing interest regarding the potential beneficial
effects of statins on bone metabolism, especially their
putative potential to reduce fracture risk [2]. Various in
vitro and in vivo studies tried to verify or disprove this
suggestion, but the results have been until now contro-
versial. While some studies, such as the uncontrolled
cohort study of Chan et al., showed favorable changes in
bone turnover parameters [3], increases in bone density
[4, 5, 6, 7, 8], or decreases in fracture risk [5, 9, 10, 11, 12,
13], others failed to show any significant effects on bio-
chemical parameters of bone metabolism [14, 15] or
bone density [14, 16], or on fracture risk [17, 18, 19, 20,
21, 22, 23]. There have been no randomized trials with
bone mineral density outcomes [24].

There are various possible reasons for these divergent
findings, such as the fact that the effects of statins on
bone are weak, that control groups were small, obesity
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was not controlled for, the physical activity of the sub-
jects was not quantified, and the doses used might have
been too low (current statins target the liver rather than
the bones, and in most of them, less than 5% of a given
dose reaches the systemic circulation [25]). Another
quite important factor though, could be the extremely
limited number of prospective randomized trials avail-
able at present, numbering only four. The majority of
the studies were observational and thus it cannot be
excluded that bias or confounding effects may be
responsible for the results showing bone-protective ef-
fects of statins. In short, statin users may display other,
unidentified characteristics or health behaviors that are
associated with decreased rates of fractures, such as
lifestyle measures, exercise, supplements, or unreported
medications. The prospective studies consist of a small
study of 17 patients treated with simvastatin for 4 weeks
[10], a study of 20 patients treated with fluvastatin or
pravastatin for 1 year [7, 8], a study examining the
effects of fluvastatin plus vitamin C vs vitamin C on bone
turnover markers [15], and a population-based cohort
study examining the effects of statins on BMD [16].

The effects of statins have been attributed to the
statin-induced expression of bone morphogenetic pro-
tein-2 (BMP-2), a protein playing an important role in
stimulating osteoblast differentiation and bone forma-
tion [26]. The statins, which exert their effects through
influencing the mevalonate pathway, thus became
interesting candidates to beneficially influence bone
metabolism through anabolic pathways. The importance
of the mevalonate pathway in bone metabolism also
became evident recently after the discovery that mem-
bers of the potent, nitrogen-containing class of antire-
sorptive bisphosphonate drugs inhibit bone resorption
by inhibiting one or more enzymes downstream of
HMG-CoA reductase in the mevalonate pathway of
osteoclasts [27]. However, even though the vast majority
of the currently existing studies support the concept that
statins work by stimulating bone formation, a recently
published in vitro study showed that statins inhibit bone
resorption but do not increase bone formation [28].
Most existing antiresorptive and anabolic agents (with
the exception of calcitonin [29]) that prevent fractures
have substantial effects on biochemical markers of bone
resorption and formation, often with changes of up to
50–60% compared with pretreatment levels [30].

We performed the first prospective, randomized,
placebo-controlled study to examine the effects of ator-
vastatin on established anabolic and catabolic markers
of bone turnover in postmenopausal women.

Subjects and methods

Study subjects

Subjects were recruited by local advertisements or by word-of-
mouth. Fifty women were included into the study after a detailed
medical history was obtained and physical examination and labo-
ratory testing was performed. Major inclusion criteria were women

>55 years of age with a minimum postmenopause period of
2 years and an appropriate calcium intake of >1,000 mg per day,
as ensured by a written dietary questionnaire. Major exclusion
criteria were history or evidence of metabolic bone disease other
than postmenopausal bone loss (e.g., hyperparathyroidism, hypo-
parathyroidism, Paget’s disease of the bone, Cushing’s syndrome,
osteomalacia), history of parathyroidectomy, untreated hyperthy-
roidism (defined as fT4 > 1.5 times the upper limit of normal
(ULN) and suppressed TSH), untreated or inadequately treated
hypothyroidism (defined as TSH greater than twice ULN while
being treated with thyroid hormone supplementation), known liver
disease and/or elevated serum transaminases >2 times ULN,
known kidney disease and/or serum creatinine >1.2 mg/dl, severe
heart disease, known muscular or neuromuscular disease and/or
serum creatinine kinase >3 times ULN, malignancies, contrain-
dications against or known intolerability of statins, use of statins
within 6 months prior to enrollment, use of nonstatin lipid-lower-
ing drugs within 8 weeks prior to enrollment, any kind of estrogen
and/or progesterone replacement therapy within 6 months prior to
enrollment, use of bisphosphonates for a period >12 months at
any time prior to enrollment or within 12 months prior to enroll-
ment, use of calcitonin within 6 months of enrollment, use of
fluoride-containing drugs within 12 months prior to enrollment,
use of vitamin D >1,000 IU per day within 12 months of enroll-
ment, use of any drugs known to affect bone metabolism, history of
long-term corticosteroid use (more than 2 months) in the past year,
history of fractures within the last 12 months, history of diabetes
mellitus and complete lack of exercise. Current smokers were also
excluded.

Study design

This prospective randomized study was conducted at three centers
across Germany in outpatient metabolism clinics of large hospitals
(one heart center and two university hospitals). Ethics committee
approval was obtained for all three study sites. Written informed
consent was obtained from all subjects before entry into the study.
The study was conducted in accordance with the guidelines of the
Declaration of Helsinki.

Intervention

Subjects were randomly assigned (in blocks of six) to one of the
following groups: atorvastatin, 20 mg per day (n=25), or matching
placebo (n=25), for 8 weeks. Patients returned for safety labora-
tory measurements after 4 weeks and for a final visit after 8 weeks.
Compliance with the treatment regimen was determined at the end
of the study by pill count and by measurement of blood lipid
concentrations. All investigators were blinded as to the lipid mea-
surements. Dietary questionnaires were performed at baseline and
at 8 weeks by use of the 24-hour-recall technique. Blood samples
were obtained by venipuncture after an overnight fast, between
7:30 and 9:00 in the morning. The intraindividual variation was not
more than 30 minutes. Serum was aliquoted immediately after
collection and stored at –25�C until analysis.

Laboratory methods

Analyses were performed in one single batch for each parameter.
Two specific osteocalcin forms (intact osteocalcin and undercarb-
oxylated osteocalcin) were measured in the serum samples: Serum
intact osteocalcin (intact OC) was measured by an ELISA test kit
supplied by DRG Diagnostics (Marburg, Germany). The assay
uses monoclonal antibodies against distinct epitopes of human OC.
Physiologically inactive N-terminal and C-terminal peptide frag-
ments of osteocalcin do not interfere in this test at their maximum
levels found in normal and pathological samples. The intraassay
coefficient of variation (CV) is 2.5% at a level of 11.5 ng/ml and the
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interassay CV is 9.2% at a level of 9.4 ng/ml. Serum undercarb-
oxylated osteocalcin (ucOC) was measured by a commercially
available ELISA test kit supplied by Takara Shuzo (Kyoto, Japan).
The kit utilizes mouse monoclonal anti-ucOC antibodies to detect
ucOC. The kit specifically measures ucOC with 5% cross-reactivity
with human bone OC (probably carboxylated type). Thus, the
physiological (carboxylated) form of osteocalcin is not determined
with this test kit. The intra-assay CV is 4.6% at a level of 6.9 ng/ml
and the interassay CV is 5.7% at a level of 6.5 ng/ml. Bone-specific
alkaline phosphatase was analyzed by an ELISA test kit supplied
by Quidel (Heidelberg, Germany).

Alpha-C-telopeptide of type I collagen (CTx) and intact para-
thyroid hormone (PTH) were measured by ELISA assays using
commercial test kits supplied by Nordic Bioscience Diagnostics
(Hamburg, Germany) and DRG Diagnostics (Marburg, Ger-
many), respectively. 17b-Estradiol concentrations were determined
by means of an ultrasensitive 125I-labeled RIA test kit supplied by
DRG Diagnostics (Marburg, Germany). The intraassay CVs of the
bone markers and hormones, were all below 7% and all interassay
CVs were below 9%. Concentrations of serum calcium (Ca) and
serum albumin were analyzed using flame atomic absorption
photometry (AAS 3030, Perkin Elmer, Überlingen, Germany) and
a colorimetric test kit (BioMerieux, Nürtingen, Germany), respec-
tively. The CVs for these methods were below 2.5%. Total serum
Ca2+ was corrected with ±0.11 mM for each 0.100 mM deviation
of concomitant serum albumin from a normal mean of 0.600 mM
(CaC) [31].

Statistical analysis

All data available from all patients included in the trial except for
one dropout patient were included in the statistical analysis. Thus,
no ‘‘last observation carried forward’’ procedure was necessary.
Data collection and review procedures were performed blinded to
treatment groups. Changes over time within groups were analyzed
using two-sided Wilcoxon signed rank tests. Baseline values and
relative changes over time between the groups were analyzed by
Mann-Whitney U-tests for unpaired data.

To assess interrelationships between variables, the Pearson
correlation coefficient was used. Analysis of variance and a multiple
regression analysis model were used to identify multiple indepen-
dent parameters influencing linear dependent parameters.

Sample size was determined a priori using change in the bone
formation marker, osteocalcin, as the primary outcome measure
and extrapolating changes and SD from the literature. The target
sample size was determined to detect a change of 25%.

Variables are reported as mean ± standard deviation (SD)
unless otherwise indicated. Results were considered statistically
significant at a 2-tailed P<0.05. P values between 0.05 and 0.10
were considered borderline significant. StatView Version 5.0 (SAS
Institute) was used for all analyses.

Results

The characteristics of each treatment group were similar
at baseline (Table 1) except for slightly but significantly
higher body weight and body mass index in the statin
group. The women ranged in age from 53 to 78 years,
with a mean age of 61 years. All of them were Cauca-
sian. They were all nonsmokers, 67% had never smoked,
33% were ex-smokers for >1 year. Their mean age at
menopause was 49 years, the mean time period since
menopause was 12 years. The estradiol levels were not
different between the groups (Table 1). Physical activity
levels were comparable between the groups. The number
of women reporting never, 1 to 2 times, 3 to 4 times, or

daily endurance activities were 15, 6, 2, and 2 in the
control group, and 10, 8, 2, and 4 in the statin group,
respectively (v-square P=0.59).

Of the 25 women randomized into each treatment
group one subject (atorvastatin group) terminated the
study after 4 weeks because of an episode of viral
bronchitis. No serum sample for determination of study
parameters was collected from this individual. All other
subjects finished the study per protocol. Mean treatment
duration was 57 ± 2 days (range 53–68 days). Compli-
ance, as determined by pill count, was between 80% and
107% in all subjects (mean 97±0.5%). There were no
differences in treatment duration or compliance between
the groups.

Bone metabolism

Parameters of bone metabolism are given in Table 2.
Baseline levels of these parameters did not differ signif-
icantly between the groups. The bone resorption marker,
CTx, as well as the bone formation marker, intact OC,
were not significantly different between baseline and
8 weeks in either group. The levels of intact OC did not
change in the statin group but increased by 9%
(P<0.03) in the placebo group. The percentage change
between the two groups though (statin vs placebo) was
not significant (P=0.73). The ratio of CTx to osteocal-
cin, an index of bone remodeling, remained unchanged
(mean change –1.9% in the statin and +3.1% in the
placebo group). The same was true for ucOC, although
there was a 30% increase in the control group which
almost reached statistical significance (P=0.06). Since
ucOC also increased by about 12% in the atorvastatin
group, the comparison of the percentage change between
the groups was not significant (P=0.30). The ratio of

Table 1 Characteristics of study subjects and baseline biochemical
parameters. Data are means ± SD

Characteristics Statin group
(n=24)

Control group
(n=25)

P Value

Age, years 62.7±5.4 60.1±4.5 0.079
Age at menopause,
years

49.9±6.1 47.7±7.6 0.26

Time postmenopause,
years

12.7±8.6 12.4±9.1 0.91

Height, cm 166±5 165±5 0.57
Weight, kg 76±14 68±12 0.038
Body mass index,
kg/m2

27.7±5.0 25.0±3.9 0.037

Creatinine, mg/dl 0.83±0.16 0.83±0.15 0.87
Plasma glucose, mg/dl 86±12 84±8 0.60
Aspartate
aminotransferase, U/l

13±6 14±7 0.61

Alanine
aminotransferase, U/l

15±6 15±5 0.96

Creatine kinase, U/l 54±38 60±32 0.58
Free thyroxine, ng/dl 0.94±0.23 0.95±0.30 0.99
Thyroid-stimulating
hormone, lU/ml

1.0±0.56 1.35±1.07 0.18

Estradiol, pg/ml 26±13 23±10 0.37
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ucOC to intact OC remained unchanged. There were no
changes in intact PTH in both groups. BSAP remained
unchanged in the statin group but increased by 7.3% in
the placebo group, a small but statistically significant
change.

Calcium, phosphate, nutrient intake, and lipoproteins

Calcium and phosphate levels remained constant in both
groups (Table 3). Lipoprotein concentrations changed
significantly as expected under treatment with atorvast-
atin. Low density lipoprotein (LDL) decreased signifi-
cantly by 49±12%, total cholesterol by 33±9%, and
triglycerides by 17±27% in the treatment group, while
high density lipoprotein (HDL) cholesterol remained
unchanged. There were no changes in the control group.

Nutrient intake (total caloric intake, percentage cal-
ories from fat, carbohydrates, protein, and alcohol) as
well as calcium intake remained constant during the
8-week intervention period as verified by the 24-hour
recall technique (data not shown).

Correlation analyses

Correlation analyses are shown in Table 4 and in Fig. 1.
Baseline CTx and osteocalcin levels were not correlated
with age. The ratio of CTx to osteocalcin, an indicator
of bone remodeling, tended to be negatively correlated
with age (R=)0.27; P=0.061). Age and the time since
menopause were significantly negatively correlated with
the change in CTx in the statin group but not in the
placebo group. This correlation remained significant
even after removal of the two or three oldest subjects.
Thus, an association with higher CTx was observed
under atorvastatin in younger subjects (<63–64 years),
while old age was associated with lower values. More-
over, menopause duration <15 years was associated

with higher CTx values, while in menopause of longer
duration the values were lower. There was no correlation
of this kind in the control group. In the statin group, age
was significantly (P=0.055) negatively associated with
the change in osteocalcin—i.e., it increased at age
<66 years and decreased at age >66 years. The same
was seen with the effect of age on the change in the ratio
of CTx to osteocalcin in the statin group (P=0.011).
The ratio increased at age <62 years, while it decreased
at age >62 years, indicating larger beneficial effects of
statins on bone remodeling processes with greater age.

Multivariate analyses

Analysis of variance (Table 5) indicates that age
(P=0.0024) and treatment (P=0.025) have a significant
influence on the change in CTx and that there is a sig-
nificant interaction between the two independent
parameters. The change in osteocalcin, however, was
only significantly influenced by age (P=0.0295), not by
treatment. The change in the ratio of CTx to osteocalcin
tended to be influenced by age and by treatment, and
there was a trend toward a significant interaction.

A multiple regression model was used to investigate
the influence of age, time since menopause, body mass
index, estradiol, free thyroxin, and baseline serum cal-
cium on changes in bone metabolic parameters. In the
statin group the change in C-telopeptide was signifi-
cantly determined by age (not in the placebo group). The
change in intact OC was significantly determined in the
statin group by creatinine, age, and free thyroxin (not in
the placebo group). The change in the CTx to osteo-
calcin ratio was not significantly determined by the
aforementioned parameters in either group.

Discussion

The present study investigated the effect of 8 weeks
treatment with the HMG-CoA reductase inhibitor
atorvastatin on biochemical parameters of bone metab-
olism in postmenopausal women. Various biomarkers of
bone metabolism have been developed during recent
years [32, 33]. In this study we measured as markers of
bone formation intact OC and the bone-specific alkaline
phosphatase (BSAP), and as a marker of bone catabo-
lism, CTx. We also measured undercarboxylated osteo-
calcin. Serum ucOC can be regarded as an indicator of
hip fractures [34, 35]. Our results do not show a signifi-
cant effect of atorvastatin on bone metabolism in the
group as a whole. Taking the age of the subjects into
account, however, it could be demonstrated that in the
atorvastatin group both CTx and OC, as well as the ratio
of the two, were associated with higher values in younger
subjects (<63 years of age), while these parameters were
lower in older subjects. This observation adds an inter-
esting new aspect to the debate regarding the conflicting
results as to whether statins have beneficial effects on

Table 4 Correlation analyses

Independent
parameter

Dependent
parameter

Correlation
coefficient

P Value

Age Baseline CTx –0.115 0.43
Change in CTx Control –0.103 0.63

Statin –0.757 <0.0001
Baseline intact
osteocalcin

)0.026 0.86

Change in intact
osteocalcin

Control –0.251 0.23
Statin –0.396 0.055

Baseline ratio
CTx to osteocalcin

–0.27 0.061

Change in ratio
CTx to osteocalcin

Control 0.008 0.97
Statin –0.51 0.011

Time
postmenopause

Change in CTx Control –0.251 0.23
Statin –0.488 0.0154

Change in osteocalcin Control –0.348 0.0878
Statin –0.21 0.33

Change in ratio
CTx to osteocalcin

Control –0.028 0.89
Statin –0.332 0.11
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bone health and might explain the contradictory find-
ings. Although the epidemiological studies [10, 11, 12, 13]
suggesting decreased risk of fractures in subjects exposed
to statins showed these effects even after adjusting for
age, they may not be able to eliminate the confounding
that can only be avoided in prospective studies.

An 8-week treatment should be an adequate time
period to observe potential statin effects on bone, based

on the following evidence: Intervention with bis-
phosphonates reduces osteoclastic bone resorption sig-
nificantly already after 1 week of treatment [36, 37]. An
increase in bone formation and some inhibition of
osteoclastic activity by statins was seen in a rodent
model after only 5 weeks of treatment [26], and sim-
vastatin has been shown in humans to increase OC
within 4 weeks of treatment [3]. Furthermore, treatment
of merely 180 days has been associated with a reduction
in hip fracture in elderly patients [12]. The lipid-lowering
effects of statins are visible after a few days and their
full development is usually seen after 4–6 weeks of
treatment. There is no evidence suggesting that
pharmacological effects of statins related to lipids would
need more than a few weeks to develop. In the present
study, the changes in blood cholesterol served as an
indicator of compliance. Based on the excellent com-
pliance of the subjects, a lack of actual treatment cannot
be made responsible for the lack of effects on bone
metabolism. In addition, non-lipid serum markers that
are also affected by statins, such as C-reactive protein,

Fig. 1A–F Simple linear
regression analysis with age as
the independent and percentage
change in biochemical
parameters of bone metabolism
as dependents. C-telopeptide:
A control group, R=0.103,
P=0.63; B atorvastatin group,
R=0.76, P<0.0001.
Osteocalcin: C control group,
R=0.25, P=0.23; D
atorvastatin group, R=0.40,
P=0.055. Ratio C-telopeptide
to osteocalcin: E control group,
R=0.008, P=0.97; F
atorvastatin group, R=0.51,
P=0.011

Table 5 Analysis of variance

Dependent parameter Independent parameters P Value

Percentage change in
C-telopeptide

Treatment 0.025
Age 0.0024
Treatment/age (interaction) 0.024

Percentage change in
osteocalcin

Treatment 0.75
Age 0.0295
Treatment/age (interaction) 0.76

Percentage change in
ratio CTx to osteocalcin

Treatment 0.079
Age 0.086
Treatment/age (interaction) 0.076
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are significantly changed after short-term treatment [38].
The choice of atorvastatin was based on its wide clinical
use as well as on its powerful lipid-lowering potency,
which was confirmed in the present study. Furthermore,
a recently published experimental study showed that the
ability of statins to beneficially influence bone metabo-
lism is directly correlated with the potency of the com-
pounds for inhibition of HMG-CoA reductase activity
[28]. In addition, atorvastatin was widely used in many
of the existing retrospective studies reporting decreased
risk of fractures in statin users [10, 11, 12].

While the clinical relevance of serum levels of bio-
chemical markers of bone turnover is still under dispute,
the fact that they provide dynamic information about
bone metabolism that is not provided by single mea-
surements of BMD or bone histomorphometry has been
established [39]. Specifically, a statistically significant
relationship between individual bone remodeling mark-
ers and BMD at different skeletal sites has been shown
[40], and elevated bone resorption markers appear to be
associated with increased fracture risk in elderly women
[41, 42]. Therefore, our data support very recent reports,
which fail to show either BMD increase [14, 16] or
fracture prevention [17, 18, 19, 20, 21] among statin
users.

A probable explanation for the lack of statin-induced
effects on bone metabolism could be the fact that only a
small proportion of ingested statins reaches the periph-
eral circulation after first-pass metabolism [25], the cir-
culating concentrations in humans, unlike rats, are very
low—in the submicromolar range—therefore most likely
below the threshold of concentrations needed to produce
effects on bone. Atorvastatin, in contrast to other sta-
tins, has a relatively high systemic bioavailability of
about 30%. In our study a daily dose at the upper end of
normally recommended doses for cholesterol lowering in
humans was used. Mundy et al. [26] used statin doses in
their rodent trials that were about tenfold higher than
the doses currently recommended for cholesterol low-
ering. Based on the results from animal experiments it
seems that indeed the dose used may have a significant
influence on bone metabolism. Specifically, with high
doses of simvastatin, an increase in bone formation and
absorption was found, but with low doses, a decrease in
bone formation and an increase in bone resorption [43].

Our data do not support results of an earlier cross-
sectional study, in which 140 postmenopausal women
treated with statins (simvastatin 65%, atorvastatin 15%,
lovastatin 8.6%, pravastatin 5.7%, fluvastatin 5%, cer-
ivastatin 0.7%) for more than 2 years (median 4 years)
were compared with 140 nontreated controls [14]. Re-
sults showed that OC, BSAP, and CTx were all signifi-
cantly decreased by 9% to 14%, while PTH was
increased by 16%. There was however no difference in
the BMD at the lumbar spine, hip, forearm, and whole
body between the two groups [14]. Since preclinical data
suggest differences in the bone effects of the various
statins [24], a separate analysis concerning the effect of
the different statins on bone would have been helpful.

Our results are in agreement with those of Stein et al.
[44] who analyzed stored serum samples from a 12-week,
randomized, multicenter, open-label study designed to
compare the effects of atorvastatin and simvastatin on
cardiovascular parameters in 846 hypercholesterolemic
patients. They found that 12 weeks of treatment with 20
and 40 mg of atorvastatin had no significant effects
either on BSAP or on CTx. Interestingly though, sim-
vastatin 40 mg and 80 mg/day led to significant reduc-
tions in BSAP in both men and women, while CTx
showed a small, but not statistically significant, decrease.
In the first, though small, prospective study examining
the effects of simvastatin on metabolic bone parameters
after a 4-week period, a significant increase in serum OC
was shown, whereas all other bone markers such as
BSAP, urine deoxypyridinoline, and urine cross-linked
N-telopeptide of type 1 collagen did not change [3].
Since in that study the simvastatin dose was only 20 mg,
results on BSAP cannot be directly compared with the
data of Stein et al. [44]. Moreover, the aforementioned
study can be criticized for its small size (17 subjects) and
the heterogeneous structure (6 males, 11 females, age
40–79). Similar to our study results with atorvastatin, no
effects of fluvastatin (40 mg/day) on biomarkers of bone
turnover such as midterminal OC, total alkaline phos-
phatase, and CTx was observed in postmenopausal
women [15].

Even though the observed increase in BSAP and in-
tact OC concentrations in the placebo group at the end
of the study compared with baseline levels (Table 2)
remains puzzling (most likely the result of multiple
testing), the changes between the groups were not sig-
nificantly different. An interesting finding of the present
study was the unexpected influence of age on the effects
of atorvastatin on bone turnover parameters. The fact
that older individuals benefit more from statin therapy
regarding LDL has already been shown [45]. However,
this is the first report demonstrating age-dependent
effects of statins on bone. How can this effect be
explained? Aging is associated with a decrease in bone
formation in both men and women. In postmenopausal
women in particular, estrogen deficiency increases
remodeling, accelerating bone loss. At each remodeled
site, more bone is resorbed and less is formed [46]. Thus,
statins may act by attenuating the age-induced decrease
in bone formation possibly by up-regulating BMP-2, as
shown in vitro and in rodents [26].

In conclusion, the present study provided the first set
of prospective data on the effect of atorvastatin on bone
metabolism using specific biochemical bone markers. It
was a double-blind, prospective, randomized, controlled
trial. Atorvastatin given in doses that result in the nor-
mally expected lowering of lipids had no effect on bone
formation and bone resorption markers in the group as
a whole. However, when the age of the subjects is taken
into account, it was demonstrated that atorvastatin may
influence bone metabolism exerting protective effects
mainly in older subjects (age >63–64 years). Large-
scale, long-term, randomized, controlled, prospective

465



trials using various statins are needed in order to obtain
a final answer regarding the effects (if any) of statins on
bone.
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